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Abstract

Aims
To compare the effectiveness of allopurinol with no treatment or placebo for the prevention
of cardiovascular events in hyperuricemic patients.

Methods and results

Pubmed, Web of Science and Cochrane library were searched from inception until July
2020. Randomized controlled trials (RCT) and observational studies in hyperuricemic
patients without significant renal disease and treated with allopurinol, versus placebo or
no treatment were included. Outcome measures were cardiovascular mortality, myocar-
dial infarction, stroke, or a combined endpoint (CM/MI/S). For RCT’s a random effects
meta-analysis was performed. For observational studies a narrative synthesis was per-
formed. Of the original 1995 references we ultimately included 26 RCT’s and 21 observa-
tional studies. We found a significantly reduced risk of combined endpoint (Risk Ratio
0.65[95% CI]1[0.46 t0 0.91]; p = 0.012) and myocardial infarction (RR 0.47 [0.27 to 0.80];
p = 0.01) in the allopurinol group compared to controls. We found no significant effect of
allopurinol on stroke or cardiovascular mortality. Of the 15 observational studies with suf-
ficient quality, allopurinol was associated with reduced cardiovascular mortality in 1 out of
3 studies that reported this outcome, myocardial infarction in 6 out of 8, stroke in 4 out of
7, and combined end-point in 2 out of 2. Cardiovascular benefit was only observed when
allopurinol therapy was prolonged for more than 6 months and when an appropriate allo-
purinol dose was administered (300 mg or more/day) or sufficient reduction of serum
urate concentration was achieved (<0.36 mmol/l).
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Conclusions

Data from RCT'’s and observational studies indicate that allopurinol treatment reduces car-
diovascular risk in patients with hyperuricemia. However, the quality of evidence from RCTs
is low to moderate. To establish whether allopurinol lowers the risk of cardiovascular events
a well-designed and adequately powered randomized, placebo-controlled trial is needed in
high-risk patients with hyperuricemia.

Systematic review registration
PROSPERQO registration CRD42018089744

Introduction

Allopurinol, a well-known xanthine oxidase inhibitor, has been used for over 50 years to lower
serum uric acid. According to clinical guidelines, this drug should be used to treat complica-
tions that result from hyperuricemia: frequent gout attacks, urate arthropathy, urate deposi-
tions in the skin (tophi) and urate nephropathy. Although urate nephropathy is not a well-
defined entity, prove of urate stones and prevention of renal decline that results from tumour
lysis syndrome are accepted conditions to start allopurinol [1, 2]. Considerably less agreement
exists in clinical practice on the use of allopurinol in patients with asymptomatic or minimally
symptomatic hyperuricemia, e.g. in patients who only rarely suffer a gout attack that can easily
be managed by colchicine, prednisone or a cyclooxygenase(COX)-inhibitor. Hyperuricemia is
associated with cardiovascular morbidity and mortality [3, 4], and an increased risk of renal
failure [5]. Clinical guidelines on the use of a xanthine oxidase inhibitor differ in particular for
patients with elevated cardiovascular risk or renal insufficiency and otherwise asymptomatic
hyperuricemia. For example, Dutch guidelines for primary physicians do not recommend allo-
purinol for these patients [6, 7]. In contrast, the guidelines for rheumatologists suggest to dis-
cuss the option of allopurinol treatment in patients with cardiovascular disease or multiple
cardiovascular risk factors, but do not state the arguments pro- or contra- that could be used
in making this shared decision with the patient [7]. Three recently published randomized con-
trolled trials (RCTs) fuelled this discussion further: the Cardiovascular Safety of Febuxostat
and Allopurinol in Patients with Gout and Cardiovascular Morbidities trial (CARES) [8], the
Febuxostat for Cerebral and Cardiorenovascular Events Prevention Study (FREED) [9], and
the Long-term Cardiovascular Safety of Febuxostat Compared with Allopurinol in Patients
with Gout Trial (FAST) [10]. The CARES trial was a large (>4000 patients with hyperuricemia
and gout) randomized double blind clinical trial that compared febuxostat with allopurinol
with cardiovascular safety as primary outcome. The patients who had been allocated to febuxo-
stat showed more reduction in serum urate. However cardiovascular mortality was signifi-
cantly lower in the group allocated to allopurinol as compared with febuxostat [8]. This
finding has subsequently been substantiated by real life observational data in large cohorts [11,
12]. The FAST trial was a large (>6000 patients with gout and at least one additional cardio-
vascular risk factor) randomized, open-label, blinded-endpoint, non-inferiority trial of febuxo-
stat versus allopurinol again with cardiovascular safety as the primary outcome. In this trial
febuxostat was non-inferior to allopurinol for cardiovascular mortality, myocardial infarction,
stroke or combined outcome [10], contrasting with the findings of the previously published
CARES trial. This might be explained by a different incidence of cardiovascular disease in the
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medical history of the included patients. All patients included in the CARES trial had a history
of previous cardiovascular disease as compared with only thirty-three percent of patients in
the FAST trial. It should also be noted that rate of treatment discontinuation (25.3% vs 56.6%)
and loss to follow-up (5.8% vs 45%) was lower in the FAST trial than the CARES trial. The
FREED trial was a randomized trial with PROBE design comparing febuxostat with non-
febuxostat therapy in around 1200 patients (age > 65 years) with asymptomatic hyperurice-
mia. Cardiovascular events, mortality and renal function were the composite primary out-
come. Although febuxostat did not affect cardiovascular events in this trial, the decline in renal
function was inhibited in those allocated to febuxostat as compared with usual therapy. Unfor-
tunately, sample size was relatively low and 27.2% of the patients allocated to non-febuxostat
arm used 100 mg allopurinol/day complicating the interpretation of the results.

This paucity of data on efficacy of allopurinol to prevent cardiovascular events in patients
with asymptomatic or mildly symptomatic hyperuricemia triggered us to systematically review
the literature on the efficacy of allopurinol compared with no treatment or placebo to prevent
cardiovascular events in patients with hyperuricemia and normal or moderately reduced renal
function.

Methods

This review is reported according to the PRISMA guidelines. The full systematic review proto-
col was prospectively submitted at the PROSPERO international prospective register of sys-
tematic reviews in March 2018 (registration number CRD42018089744, available from https://
www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42018089744). All amendments
to the review protocol were also registered on PROSPERO.

Search and study selection process

The comprehensive search string is included as S1 File. On July 22 2020, we searched PubMed,
Web of Science and Cochrane library for RCT's or observational (cohort) studies in human
adults with hyperuricemia without severe renal disease (defined as Modification of Diet in
Renal Disease (MDRD) formula < 30 ml/min/1.73 m?) who were treated with a xanthine oxi-
dase inhibitor (allopurinol or febuxostat) in any dose regimen or treatment duration. No
restrictions on publication date or language were applied. Automated duplicate removal was
used to remove duplicates (i.e. studies occurring more than once in our database after the
search), if a DOI occurred more than once in the database the duplicate entries were automati-
cally removed.

Two reviewers (KvdP, KW or GR) independently performed screening for eligibility based
on title and abstract and assessment for final inclusion based on full-text. In case of discrepan-
cies, the reviewers reached consensus through discussion. For details on the exclusion criteria
see the flow chart of the study selection process (Fig 1) and the PROSPERO protocol. Only
studies that used appropriate controls (placebo, no treatment) were included.

Data extraction and risk of bias or quality assessment

Extraction of study characteristics and outcome data was performed by KvdP and indepen-
dently checked by two reviewers (GR and JHC). Outcome data were extracted for four prede-
fined primary outcomes: incidence of cardiovascular mortality, incidence of stroke, incidence
of myocardial infarction and the combined incidence of these three. The risk of bias in RCT's
was assessed by two independent using the Cochrane risk of bias tool in RevMan 5.3 [13]. The
New-Castle Ottowa scale was used to assess the quality of observational studies (available at
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp). For randomized cross-over
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]

Identification

[

Screening

Eligibility

Included

Records identified through
database searching
(n=2574)

A 4

Records after automated duplicate removal
(n =1995)

y

Records screened

(n=1995)

A

Full-text articles assessed
for eligibility
(n=506)

A 4

Studies included in
qualitative synthesis
(n=49)

A 4

Studies included in
quantitative synthesis
(meta-analysis)
(n=26)

Records excluded
(n =1489)

Full-text articles excluded, with reasons
(n=457)

e article not available 7

¢ duplicates 31

e case report/ N of one trial 10

* no appropriate control group 61

¢ no relevant outcomes 161

¢ not a full primary study publication 34

e not in patients with hyperuricemia 13

¢ not on allopurinol 81

¢ study in patients with renal disease 37

e study in patients <18 years 8

e on tumor lysis syndrome 14

Excluded from meta-analysis, with
reasons (n = 23)

¢ randomized controlled trial 2
o duplicate population

e design not appropriate:
o prospective cohort study 4
o retrospective cohort study 12
o case-control study 5

Fig 1. Flow diagram of study selection process. “there were 4 publications of 2 RCTs. Only 2 of these publications were included in the meta-
analysis the other 2 were excluded.

https://doi.org/10.1371/journal.pone.0260844.g001

studies, we assessed risk of bias using the systems provided in the Cochrane handbook. All
assessments were performed by independent reviewers (KvdP, GR or KW). In case of discrep-
ancies, the reviewers reached consensus through discussion.
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Data synthesis strategy

Each of the four outcomes was reported in at least 3 of the retrieved RCTs. In accordance with
our predefined data-analysis plan, a meta-analysis was performed on each of these outcomes.
The meta-analysis was performed using the OpenMeta[analyst] software package [14]. We cal-
culated the risk ratio and corresponding 95% confidence interval (RR [95%CI]) and individual
study effects were pooled using the DerSimonian and Laird random effects model. To include
studies in the meta-analysis in which zero events occurred the numerator 0 was substituted
with 0.5 (i.e. correction factor). Heterogeneity was assessed using the I%, where an I” of >50%
was considered substantial. In the predefined protocol subgroup analysis was only to be used
to explore causes of heterogeneity in the results. Planned subgroup analyses on sex, age, dose,
and various comorbidities were not performed because heterogeneity was 0% in all four overall
analyses. For the same reason, reporting R* was redundant and therefore omitted. Publication
bias was assessed if at least 10 studies reported a certain outcome. We used visual inspection,
Egger’s regression and trim and fill analysis to test for funnel plot asymmetry. For observa-
tional studies we performed a narrative synthesis for the four primary outcomes, taking into
account the type of intervention and treatment regime and characteristics of the study popula-
tion. A meta-analysis of observational studies was not included in the original protocol and
therefore not performed. It was expected that there would be significant differences in design
of observational studies resulting in large methodological and clinical heterogeneity. The
Grading of Recommendations Assessment, Development and Evaluation (GRADE) criteria
were used to assess the overall quality of the body of evidence [15-17]. A summary of findings
table was created using GRADE PRO [18].

Patient and public involvement

Patients were involved in writing the discussion section dealing with communication of results
to patients, in order to support shared decision making on the initiation of allopurinol in
patients with asymptomatic or mildly symptomatic hyperuricemia. No patients were involved
in designing or executing the study.

Results

Search and study selection

A flow chart of the study selection process is shown in Fig 1. After automated duplicate
removal, 1995 unique publications were retrieved from Pubmed and Web of Science. The
Cochrane library search did not reveal additional unique publications. After title and abstract
screening, 506 eligible publications remained, which were assessed for final inclusion based on
full-text. Ultimately, 49 publications met our inclusion criteria and underwent data extraction
and quality assessment (26 publications of RCTs, 2 cross-over studies and 21 observational
studies). In almost all trials cardiovascular events were not the primary outcome. We therefore
extracted data on cardiovascular events from the reported adverse events in those trials. There-
fore, trials not reporting adverse events were excluded.

Study characteristics

A complete list of all included studies and their general characteristics (e.g. sex and age of the
participants, duration and dose of treatment) is presented as S1 Table.

Twenty-six publications of 24 RCTs reporting cardiovascular outcomes were retrieved [19-
44]. One trial was published twice: once after two years of follow-up [22], and once after an
additional 5 years follow up after patients had returned to pre-trial medication [43]. The latter
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publication contained more details about cardiovascular events and was therefore used in the
meta-analysis. Two other publications appear to be on the same study population, with one
reporting on carotid intima-media thickness [28], and the other on renal function [27]. The
two publications report identical data on cardiovascular events, which were included once in
our meta-analysis. Two randomized crossover trials were included [45, 46]. In the included tri-
als, a total of 3080 patients have been allocated to either allopurinol (n = 1638) or no-urate-
lowering therapy (n = 1442). In total 21 observational studies were included: 16 cohort studies
(4 prospective [47-50] and 12 retrospective [51-62]), and 5 case-control studies [63-67].

Risk of bias and study quality

The risk of bias did not differ between outcome measures, therefore the results presented
apply to all four outcomes. The individual risk of bias assessments of the 26 publications of 24
RCTs is shown as S1 Fig and S2 Table (for two randomized cross-over studies). For RCTs, a
summary of the risk of bias assessment is presented in Fig 2. Out of all 26 trials, one trial was at
low risk of all types of bias. Eight trials were at unclear risk of at least one type of bias. Seven-
teen trials were at high risk for at least one type of bias, often due to lack of blinding of selec-
tion, performance, or outcome detection. Overall, the quality of evidence derived from the
RCT was classified as low for all outcomes. The individual quality assessments of the 21 obser-
vational studies are presented as S2 Table. All 5 case control studies were assessed as being of
good quality. Six cohort studies were assessed as being poor quality [47-50, 54, 58], and these
are therefore not included in the main text of this review (a complete overview of all studies,
including those of poor quality, is available as S1 Table). The 10 remaining cohort studies were
all assessed as being of good quality.

Data synthesis—randomized clinical trials

In general, few of the included trials reported events of cardiovascular mortality, myocardial
infarction, stroke, or the combined incidence of these three. For the combined outcome 6 out
of 26 trials reported an event, with 39 events in 1550 patients in the allopurinol treated group
and 64 events in 1354 patients in the control arm resulting in a relative risk of 0.65 (95% CI

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 25% 50% 75%  100%

. Low risk of bias

|:| Unclear risk of bias . High risk of bias

Fig 2. Overview of risk of bias in included RCTs.

https://doi.org/10.1371/journal.pone.0260844.9002
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0.46 t0 0.91; p = 0.012, I* = 0%) in favour of allopurinol (Fig 3, for weights assigned to individ-
ual trials included in the meta-analysis see S3 Table). Allopurinol did not significantly affect
cardiovascular mortality or stroke but led to a significant reduction in myocardial infarction
(S2 Fig). Twenty out of 26 trials (including 2 cross-over studies) reported zero events. In these
20 trials 1059 patients were treated with allopurinol and 907 patients received placebo. Thus,
studies that reported events included only a minority of randomized patients (938 out of the
2904 randomized patients).

Publication bias assessment

Funnel plots for all four outcomes are shown in Figs 4 and S3. In all funnel plots a cluster of
datapoints around the risk ratio of 1 and a standard error of 2 is observed, due to the large
number of trials reporting 0 events in both treatment groups leads. Egger’s regression test was
not significant for cardiovascular mortality and stroke (respectively p = 0.49 and p = 0.14) but
indicated the presence of small study effects for myocardial infarction and the combined out-
come (respectively p<0.0001 and p = 0.039). Trim and fill analysis indicated respectively 0, 13,
12 ad 9 missing studies for cardiovascular mortality, myocardial infarction, stroke, and the
combined outcome. However, the aforementioned lack of diversity in the effect size and stan-
dard error of the datapoints hampers funnel plot asymmetry testing, which reduces the reli-
ability of these results.

Data synthesis—observational studies

Table 1 summarizes the findings of retrospective cohort studies and case control studies on
cardiovascular mortality, myocardial infarction, stroke, and the combined outcome of cardio-
vascular mortality, myocardial infarction, and stroke.

Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl

.710 (0.416, 1.214) 20/182 28/181 —.
080 (0.022, 53.408) 0/49 0/53 :
000 (0.021, 46.703) 0/12 0/12
000 (0.021, 47.183) 0/14 0/14 ;
698 (0.227, 2.140) 5/128  7/125 o
465 (0.231, 0.939) 9/57  19/56 — .

Badve 2020
Borgi 2017
Bowden 2013
Doehner 2002
Givertz 2015
Goicoechea 2015

Hosoya 2017 000 (0.020, 49.173) 0/39 0/39
Huang 2017 250 (0.029, 2.159) 1/50 4/50
Jalal 2017 150 (0.132, 75.082) 1/39 0/41
Kanbay 2011 242 (0.025, 60.953) 0/32 0/40
Liu 2015a .000 (0.020, 49.844) 0/88 0/88

Madero 2015
McMullan 2017

.000 (0.020, 49.075) 0/36 0/36
.080 (0.022, 53.408) 0/49 0/53

OO OKHOKRKKOKFOKRI KEREREKEEREWOHROOLHKH HHKO

Momeni 2010 .000 (0.021, 48.086) 0/20 0/20

Nicotero 1970 .000 (0.021, 47.847) 0/18 0/18

Pichholiya 2016 000 (0.020, 48.822) 0/30 0/30

Poiley 2016 269 (0.005, 13.245) 0/107 0/28

Rosenfeld 1974 017 (0.021, 50.412) 0/58 0/59

Schumacher 2008 502 (0.010, 25.154) 0/268 0/134

Segal 2015 014 (0.020, 50.410) 0/69 0/70

Sezer 2014 200 (0.024, 59.129) 0/39 0/47

Shi 2012 909 (0.019, 43.709) 0/21 0/19

Siu 2006 200 (0.024, 59.129) 0/39 0/47 T
Taheraghdam 2014 500 (0.136, 1.843) 3/35 6/35 —I‘——
Takir 2015 829 (0.017, 40.701) 0/40 0/33 -
Taylor 2012 844 (0.017, 41.117) 0/31 0/26

Overall (I1*2=0 % , P=1.000) 0.646 (0.459, 0.909) 39/1550 64/1354 O

I T T T T T L — T T T T ™
001 001 003 005 0.11 027 054 109 272 544 1089 2722 5444
Relative Risk (log scale)

Fig 3. Forest plot of combined outcome (cardiovascular mortality, myocardial infarction and stroke). Overall effect of
allopurinol on the combined outcome: p = 0.01.

https://doi.org/10.1371/journal.pone.0260844.9003
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Fig 4. Funnel plot of combined outcome (cardiovascular mortality, myocardial infarction, stroke). Egger’s
regression P = 0.039; trim and fill +9 studies. Filled circles represent studies included in the meta-analysis, open circles
represent studies added during trim and fill analysis.

https://doi.org/10.1371/journal.pone.0260844.9004

Cardiovascular mortality. Three cohort studies of sufficient quality were retrieved that
compared current users with an untreated or previously treated cohort. All three cohort stud-
ies had a retrospective design. Two small studies from the same group (one in patients without
gout, and one in patients with gout) observed a reduced cardiovascular and total mortality that
was only significant in the study with gout patients [51, 52]. The third study with a much larger
sample size compared users with non-users and observed a non-significant reduction in car-
diovascular mortality and a significant reduction in total mortality [55].

Myocardial infarction. Four cohort studies of sufficient quality were retrieved that com-
pared a cohort of current users with an untreated or previously treated cohort. All four studies
have a retrospective study design. In two of these studies, allopurinol treatment was associated
with a dose dependent reduction in myocardial infarctions [56, 57]. Another study showed
benefit associated with allopurinol treatment, but did not analyse a potential relation with dose
[59]. One study did not show any benefit on myocardial infarction, but did so on the com-
bined endpoint of stroke, myocardial infarction and cardiovascular mortality [55]. Unfortu-
nately, the allopurinol dose was not reported in this study.

Four case control studies were retrieved that investigated the relation between use of
allopurinol and acute coronary events. All four case-control studies were of good quality.
De Abajo et al. observed an adjusted odds ratio of 0.52 (95% CI 0.33 to 0.83) in favour of
allopurinol (versus no allopurinol). This benefit was fully driven by men (0.44; 95% CI 0.25
to 0.76) with a lack of benefit in women (0.90; 0.36 to 2.23). The benefit was only observed
at higher doses (300 mg or higher) and prolonged treatment duration (> 180 days) [63].
Similar observations have been reported by Rodriguez-Martin et al. regardless the presence
of gout [67]. Grimaldi-Bensouda et al. also found a reduced risk in those who used allopuri-
nol (adjusted OR 0.73 (95% CI 0.54 to 0.99) [64]. These investigators did not observe a dose
response relationship but the majority (>70%) of the allopurinol users in this study used
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Table 1. Overview of included observational studies.

Article ID Design | Follow-up Number of Dose (mg/day) Outcomes and adjusted HR Comments
(weeks) patients (cohort studies)/ OR (case-
control) [95% CI]
Chen 2015a [51] | RCH 333 546 NR CM: 0.49 [0.12, 2.00] All-cause mortality: 1.00 [0.51, 1.95]. Only patients
with hyperuricemia without gout.
Chen 2015b RCH 338 572 NR CM: 0.37 [0.01, 0.48] All-cause mortality: 0.39 [0.22, 0.70]. Only patients
[52] with hyperuricemia and gout.
de Abajo 2015 CC NA 21696 NR MI: OR 0.52 [0.33, 0.83] Sex
(03] Men: 0.44 [0.25,0.76]
Women: 0.90 [0.36, 0.88].
Dose
>300mg: 0.30[0.13, 0.72]
<300mg: 0.67[0.37, 1.23]
Grimaldi- CC NA 7126 >200: 66% MI: OR 0.80 [0.59, 1.09]
Bensouda 2015 >300: 19%
[64]
Ju 2019 [53] RCH 99 6938 100/200/ 300 mg CM: 0.727 [0.231, 2.294] All-cause mortality: 0.975 [0.888, 1.070]. Only
MI: 1.145 [0.873, 1.052] patients with gout, without MACE before gout
diagnosis
S:0.831 [0.645, 1.070]
Lai 2019 [65] CC NA 29574 NR S: OR 0.992 [0.989, 0.996] Cumulative duration of allopurinol use:
<1 year: 1.12[1.04, 1.21]
1-3 year: 0.97[0.81, 1.16]
>3 years: 0.74[0.57, 0.96]
Larsen 2016 RCH 264 14254 NR CM: 0.90 [0.78, 1.03] All-cause mortality: 0.68 [0.62-0.74]
(55] MLI: 0.89 [0.73, 1.08]
S:0.89 [0.75, 1.03]
CM+MI+S: 0.89 [0.81, 0.97]
Liao 2019 [66] CC NA 14070 <200mg: 79% MI: OR 2.2 [1.7,2.7] Dose
>200mg: 21% <200mg: 2.0 [1.5, 2.6]
>200mg: 2.5 [1.6, 4.0]
Lin 2017 [56] RCH NR 2844 Expressed in DDD MI: 1.07 [0.86, 1.33] Exposure-dependent reduction relative to DDD
(1 DDD = 400 mg 0-90: DDD 271-360: aHR 0.25 [0.10, 0.61];
/day) DDD > 360: aHR 0,28 [0.12, 0.63]
Maclsaac 2016 RCH 311 4064 100: 35.4% MI: 0.61 [0.43, 0.87] MI
200: 12.8% :0.50 [0.32, 0.80 <300 mg: 0.87 [0.56, 1.35
(571 % 5:050 [ ] g 087 [ ]
300: 51.2% >300 mg: 0.38 [0.22, 0.67]
600 or higher: 0.59% Stroke
<300 mg: 0.66 [0.40, 1.18]
>300 mg: 0.29 [0.13, 0.62]
Rodriguez- CC NA 23616 Among current MI: OR 0.84 [0.73, 0.96] Dose
Mar'[[i6n7]2019 users: <300: 63% <300mg: 0.90 [0.76, 1.05]
>300: 37% >300mg: 0.75 [0.60, 0.93]
Treatment duration
<180 days: 1.13 [0.91, 1.39]
>180days: 0.71 [0.60, 0.84]
Singh 2016 [60] | RCH 101 26627 (Number NR S:0.91 [0.83, 0.99] All included patients were allopurinol prescribed at
of episodes: start of observation. Episodes of allopurinol
28488) exposure were compared with episodes without.

Duration of exposure:

<0.5 year: 1.00 [0.88, 1.14]

0.5-2 years: 0.88 [0.78, 0.99]

>2 years: 0.79 [0.65, 0.96].

(Continued)
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Table 1. (Continued)

Article ID

Singh 2017b
[59]

Wei 2011 [61]

Yen 2020 [62]

Design | Follow-up

RCH

RCH

RCH

Number of Dose (mg/day) Outcomes and adjusted HR Comments
patients (cohort studies)/ OR (case-
control) [95% CI]
3724768 person NR MI+S: 0.67 [0.53, 0.84] Current [new] versus previous allopurinol users.
years Myocardial infarction and stroke combined.

Sensitivity analysis did not find an impact of
colchicine use.

2070 100 (n = 449) CM+MI+S: 0.88 [0.73, 1.05] | Within allopurinol users: 0.63 [0.44, 0.91] for high

200 (n = 154) dose versus low dose

>300 (n = 432)

14933 person NR S:0.70 [0.47, 1.03] All-cause mortality: 0.35 [0.17, 0.75]. Only patients
years with gout included.

RCH = retrospective cohort study, CC = case-control study, n = number of participants, NR = not reported, CM = incidence of cardiovascular mortality, MI = incidence

of myocardial infarction, S = incidence of stroke, CI = confidence interval, HR = hazard ratio, OR = odds ratio, DDD = defined daily doses.

https://doi.org/10.1371/journal.pone.0260844.t001

only a dose of 200 mg/day or less. These authors also investigated the association between
colchicine and myocardial infarction and found no colchicine-related protection (adjusted
OR 1.17 (0.70 to 1.93)). In contrast, Liao et al. observed an increased risk of myocardial
infarction in patients with prescribed allopurinol: adjusted OR 2.2 (95% CI 1.7-2.7), which
occurred at all dose levels and increased with dose [66]. Liao et al. studied only patients with
an age of at least 65 years.

Stroke. Six cohort studies of sufficient quality were retrieved that compared a cohort of
current users with an untreated or previously treated cohort (Table 1). All studies have a retro-
spective study design. Four of these studies also reported myocardial infarction, with one
study reporting only the combined outcome of myocardial infarction and stroke [59]. Three of
these studies reported a significant beneficial association between use of allopurinol and inci-
dence of strokes [57, 59, 60], and three did not [53, 55, 62]. As for myocardial infarction, MacI-
saac et al. reported dose dependence: only a dose of 300 mg/day or higher was associated with
a lower risk for strokes [57]. One study only reported on stroke outcome and observed benefit
associated with allopurinol in the analysis that was restricted to those who had a duration of
exposure of at least half a year [60]. Larsen et al. did not observe a significant relation between
allopurinol use and stroke as for myocardial infarction, but a significant association with the
combined cardiovascular outcome of stroke, myocardial infarction and mortality [55].

One single case-control study was retrieved that studied the relation between allopurinol
therapy and ischemic stroke [65]. They studied 14937 cases of first-time ischemic stroke and
compared them with an equal number of age and gender matched controls. They included the
cumulative duration of allopurinol use in their analysis. They adjusted for age (which was
slightly different between controls and cases despite matching) and found an exposure depen-
dent reduction of adjusted odds ratio for ischemic stroke: 1.12 (1.04-1.21) for exposure < 1
year, 0.97 (0.81-1.16) for 1-3 years and 0.74 (0.57-0.96) for more than 3 years of exposure.

Combined outcome. Only two retrospective cohort studies with sufficient quality
reported this combined outcome [55, 61]. Larsen et al. observed a significant association
between allopurinol use and reduced cardiovascular death and event rate. Unfortunately, they
did not study the impact of allopurinol dose on this relationship. Wei et al. showed a similar
trend in a much smaller group of patients. Interestingly, within the group of allopurinol users
they showed a significant association between allopurinol dose and cardiovascular events (see
Table 1).
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Grading of the quality of evidence

Grading of quality of the body of evidence is summarized in Table 2. The quality of evidence
derived from the randomized controlled trials was classified as low (stroke and cardiovascular
mortality as outcomes) to moderate (myocardial infarction and the combined outcome of
myocardial infarction, stroke and cardiovascular mortality. Down-grading of trials was per-
formed because of serious risk of bias (all outcomes) and imprecision (mortality and stroke).
None of the trials was specifically designed to detect these outcomes. Twenty out of 26 trials
reported zero events. In these 20 trials 1059 patients were treated with allopurinol and 907
patients received placebo. Thus, studies that reported events included only a minority of ran-
domized patients (938 out of the 2904 randomized patients). This is further supported by the
funnel plot analysis indicating overrepresentation of studies with a relative risk around 1. The
results on stroke and cardiovascular mortality were further downgraded because of the low
number of events, resulting in lack of statistical power and therefore imprecision of the results.
We did not find significant inconsistency in the results of the included trials. All studies
reporting myocardial infarctions showed benefit for allopurinol and no heterogeneity was
found. For the combined outcome all but one study reporting events showed benefit for allo-
purinol, again tests for heterogeneity were insignificant.

Discussion

This systematic review explored the scientific literature on the impact of allopurinol on cardio-
vascular outcomes (cardiovascular mortality, myocardial infarction, stroke) in patients with
hyperuricemia (with or without gout) and preserved renal function (average MDRD > 30 ml/
min/1.73 m?). Both randomized clinical trials (allopurinol versus placebo or no treatment)

Table 2. Overview of quality assessment of evidence from RCTs according to GRADE-PRO system.

26 randomised | serious | notserious® | notserious | not serious none 9/1550 33/1354 RR 0.468 13 fewer CELION
trials @ (0.6%) (2.4%) (0.274 to per 1.000 | \/ODERATE
0.800) (from 18
fewer to 5
fewer)
26 randomised | serious | notserious® | not serious serious © none 10/1550 9/1534 RR 1.002 | O fewer per CLO@)
trials @ (0.6%) (0.6%) (0.557 to | 1.000 (from LOW
1.805) 3 fewer to 5
more)
26 randomised | serious | not serious® | not serious serious none 20/1550 22/1354 RR 0.919 | 1 fewer per o000
trials ? (1.3%) (1.6%) (0.560 to | 1.000 (from LOW
1.508) 7 fewer to 8
more)
26 randomised | serious | notserious® | notserious | not serious none 39/1550 64/1354 RR 0.646 17 fewer CELT@)
trials a (2.5%) (4.7%) (0.459to | per 1.000 | \{ODERATE
0.909) (from 26
fewer to 4
fewer)

CI: Confidence interval; RR: Risk ratio; MD: Mean difference; * Large number of studies did not have cardiovascular events as a primary outcome measure and the lack

of events in many studies without events could possibly be explained by reporter bias; ® all studies with events showed benefit and no significant heterogeneity was

found; © we performed a power calculation which suggested at least 2000 patients per treatment arm would have to be included to find a 25% reduction in events.

Number of stroke events in the included studies was very low.

https://doi.org/10.1371/journal.pone.0260844.t002
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and observational studies (retrospective and prospective cohort studies and case-control stud-
ies) were included in this review.

Principal findings

The meta-analysis of available randomized clinical trials showed a significant reduction in the
combined outcome (cardiovascular death, myocardial infarction and stroke) that was driven
by a significant reduction in myocardial infarction. No significant reduction in cardiovascular
mortality or stroke was found. Data retrieved from observational studies was generally consis-
tent with the results from the meta-analysis: the majority of these studies showed that use of
allopurinol is associated with reduced cardiovascular events. In these studies, both myocardial
infarction and stroke were reduced in patients on allopurinol therapy. Cardiovascular benefit
was only observed when allopurinol therapy was prolonged for more than 6 months and when
an appropriate allopurinol dose was administered (300 mg or more/day) or sufficient reduc-
tion of serum urate concentration was achieved (<0.36 mmol/l).

Strengths and weaknesses of the study

The quality of the body of evidence retrieved RCT's was low to moderate. Major reasons for
down grading were reporting bias and imprecision due to low event-rates. Most studies did
not report cardiovascular events as their primary outcome and events had to be extracted from
adverse event reporting. Quality of this reporting was often unclear with studies not specifi-
cally listing cardiovascular events in their adverse event reporting or not specifying the nature
of the event. The observational study data provides some additional insights into limitations of
the current meta-analysis. First, the average follow-up time of the trials included in this meta-
analysis was around 30-40 weeks, and in many studies < 8 weeks. This may account for the
low incidence of cardiovascular events in the retrieved RCTs. Furthermore, two of the six trials
with cardiovascular events used a dose less than 300 mg/day [40, 43], while in a third relatively
large trial only 69% of the treated patients used the highest applied dose of 300 mg. Interest-
ingly, serum urate concentration was not allowed as a criterium to up-titrate the dose to its
maximum allowed dose of 300 mg/day in this trial [44]. This suggests that the meta-analysis
may have underestimated the maximum benefit of allopurinol by using suboptimal dose.
Although the reviewed observational studies used sophisticated epidemiological techniques to
prevent bias as much as possible (propensity score matching to reduce bias by indication and
covariate analyses to adjust for residual imbalance in baseline cardiovascular risk between
treated and untreated patients), residual bias cannot be excluded. In particular the so called
‘healthy adherence bias should be mentioned. Adherence to allopurinol (and therefore dose
and therapy duration) could be associated with a healthy lifestyle in general (healthy diet, phys-
ical activity, non-smoking). This healthy lifestyle rather than allopurinol exposure could play a
role in the observed cardiovascular benefit. Recently, allopurinol has been associated with a
slightly increased mortality during the first 30 days after initiation of this therapy [68]. This
phenomenon, if confirmed, could have resulted in survival bias, overestimating the benefit of
allopurinol adherence.

Comparison with other studies

Our result differs slightly from a recent meta-analysis by Bredemeier et al. [69]. They did not
show a significant impact of allopurinol on major adverse cardiovascular events (MACE) in
their overall analysis. However, they observed reduced MACE in the subset of trials that
included patients with previous ischemic events. Two important differences between the two
studies probably explain this difference: Bredemeier et al. included trials in patients without
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hyperuricemia and their meta-analysis did not include the trial recently published by Badve
et al. in patients with a high cardiovascular risk profile [44]. In addition, their results suggest
that allopurinol doses >300 mg/day may increase cardiovascular events, conflicting with
observational study data. As mentioned, they included studies with patients with normal uric
acid, and the achieved urate concentration in these patients on allopurinol may very well be
much lower than in patients with hyperuricemia that use allopurinol. Experimental studies in
humans indicate that extremely low urate concentrations are associated with vascular injury
(‘T-curve’), hypothetically explained by a direct anti-oxidant effect of uric acid, which could
explain these conflicting findings [70].

In addition, 6 other meta-analysis on the comparison between allopurinol and placebo on
cardiovascular outcome have been published. Three had a similar approach to ours [71-73].
One reported only all-cause mortality and cardiovascular mortality in 2 observational studies
and did not find a consistent effect of allopurinol versus placebo [74]. Two studies had a com-
parable research question but different patient group: heart failure [75], or patients undergoing
cardiac revascularization [76]. Guedes observed a similar effect of allopurinol [71]. They
included only one singe RCT and only four observational studies. The RCT is a study with a
broad definition of cardiovascular outcome, including hospitalization for heart failure and
arrhythmia [22]. This study was replaced in our analysis by a later publication on the same
study with a longer follow-up [43]. Ying et al. did not exclude studies in patients without
hyperuricemia, and otherwise included less RCT in their database in comparison to our sys-
tematic review. These differences may have accounted for their non-significant effect on
Major Adverse Cardiovascular Events (MACE). They did not include observational studies
[72]. Zhang et al. performed a network meta-analysis including trials that compared allopuri-
nol with febuxostat or placebo [73]. They only included 10 RCTs in their review and did not
include some relevant RCTs comparing allopurinol with placebo, nor observational studies.
They did not observe a significant effect of either febuxostat nor allopurinol on MACE or car-
diovascular mortality.

Meaning of the study and future research

The present meta-analysis shows a significant reduction in the incidence of combined cardio-
vascular events in hyperuricemic patients with preserved renal function (eGFR>30 ml/min/
1.73 m?) treated with allopurinol. However, there are significant limitations in the quality of
the data mainly due to imprecision of results because of its dependence on (likely insufficient)
adverse event reporting. Due to these limitations, the results of this meta-analysis do not sup-
port its implementation in routine cardiovascular risk management. On the other hand, the
analysis provides an important signal for a potentially impressive efficacy of allopurinol to pre-
vent cardiovascular events. Therefore, there is still an urgent need to provide high level trial
evidence for the use of allopurinol in cardiovascular protection. Observational study data pro-
vide important information on how such a trial should be designed. Based on this systematic
review we stress the need for a well-designed randomized double-blind placebo-controlled
trial that investigates the benefit of allopurinol on cardiovascular outcome. In this trial, allopu-
rinol should be administered at a dose of 200-400 mg and preferably for at least 3 years. Fur-
thermore, the statistical power should be sufficient to detect a reduction of at least 25% in
cardiovascular events.
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