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ARTICLE INFO ABSTRACT

KEJ/WOTEISI. Gout is a systemic disease, characterized by the formation and deposition of crystals in tissues (mainly in

Arrhythmia and around the joints) of individuals with elevated serum uric acid levels. Lately, a considerable number

ég'il fibrillation of reports relating elevated uric acid and/or gout with rhythm disorders, such as atrial fibrillation, have
u

been published. This review summarizes evidence linking common arrhythmias and hyperuricemia/gout
and discusses questions or controversies that surround it. Overall, existing evidence may not be over-
whelming, but strongly suggests a positive correlation between uric acid levels and common rhythm
disorders. Needless to say that such a link - as a univariate association between the two - is to be ex-
pected, given the extensive overlap of risk factors and comorbidities of hyperuricemia/gout and arrhyth-
mias. However, the observed associations seem to persist - in most studies - after extensive adjustment
for potential confounders. Still, multivariable analyses of epidemiologically collected data cannot substi-
tute for proof coming from basic and clinical studies. There is obviously a need for further basic research
to establish a causal relationship between uric acid effects and arrhythmias, as well as translational stud-
ies and clinical trials to investigate the therapeutic implications of such a relationship. Simply put, we are

Hyperuricemia
Ventricular arrhythmia

fairly certain that there is association, but proof of causation is what we are still in want of.

© 2018 Elsevier Inc. All rights reserved.

Introduction

Uric acid is the end product of the metabolic breakdown
of purine nucleotides in humans. At the normal arterial pH of 7.40
most uric acid circulates as the urate anion. Hyperuricemia has
been defined as the serum urate concentration (6.8 mg/dL) above
which monosodium urate crystals form in vitro at physiological
pH and temperature. Gout is a systemic disease, characterized by
the formation and deposition of crystals in tissues (mainly in and
around the joints) of individuals with elevated serum uric acid
(SUA) levels [1]. Although both overproduction and under excre-
tion of uric acid can result in hyperuricemia, the primary cause in
patients with gout is under excretion (Fig. 1). Gout is recognized
as the most common cause of inflammatory arthritis affecting al-
most 4% of adults in the USA, with epidemiologic studies pointing
towards an increase in incidence and prevalence in both devel-
oped and developing countries [2,3]. The typical clinical features
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of the disease occur as a result of the inflammatory response to
urate crystal deposition and include episodes of excruciating pain,
usually originating from a single peripheral joint, that alternate
with symptom-free periods of variable duration.

Apart from these debilitating symptoms and the progres-
sive joint destruction caused by repeated inflammatory insults,
hyperuricemia and gout have been associated with a range of
conditions, including cardiovascular disease, ultimately leading to
increased mortality [4-6]. Lately, the number of reports relating
elevated SUA and/or gout with common rhythm disorders, such
as atrial fibrillation (AF), has been increasing. In this review we
summarize the evidence to date, exploring the potential link
between rhythm disturbances and gout and discuss questions and
controversies that surround it. Since hyperuricemia is required
for the development of symptomatic gout, we also review studies
dealing with this topic and discuss the therapeutic implications of
this association. Finally, we attempt to make suggestions as to the
future directions of research.

Atrial dysrhythmias
Sinus tachycardia

Sinus tachycardia and high resting heart rates have been as-
sociated with high levels of SUA [7]. Cicero et al. analyzed the
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Fig. 1. Mechanisms of hyperuricemia. On the left, overproduction of urate through the purine degradation pathway is a minor contributor to serum urate concentrations.
Underexcretion of urate is the dominant cause of hyperuricemia in people with gout. In the center, major components of the renal proximal tubule urate transportasome are
clustered according to their role as reuptake transporters of urate from filtered urine or as secretory transporters. On the right, in the gut, variants in ABCG2 with reduced

function block excretion and contribute to under-excretion. (From [1], with permission).

data of 1639 individuals that were part of the Brisighella heart
study cohort. In the multivariable analysis, after adjustment for
various potential confounders, high SUA was independently as-
sociated with sinus tachycardia (odds ratio 2.21; 95% confidence
interval 1.05-4.16). It should be noted though, that the extensive
associations of SUA levels with a range of conditions that might
be associated with high heart rates makes it quite difficult to sta-
tistically account for all of these potential secondary associations.

Atrial fibrillation

Cross-sectional and case-control studies

One of the first studies reporting an independent association
between increased SUA levels and AF came from Letsas et al. 8],
who studied 86 consecutive patients with AF (45 with paroxys-
mal and 41 with permanent AF), seen in an emergency depart-
ment. The control group consisted of consecutive subjects with
no history of arrhythmias that were undergoing a regular routine
clinical examination. SUA levels differed significantly between pa-
tients with paroxysmal AF, permanent AF and the control group
(P <0.001). The multivariable logistic regression analysis showed a
significant correlation between SUA and permanent AF, after ad-
justment for age, gender and statin use (adjusted odds ratio 2.172;
95% confidence interval 1.327-3.555, P=0.002), but not between
SUA and paroxysmal AF. Interestingly, this association was inde-
pendent of C-reactive protein (CRP) levels. Hu et al., while investi-
gating whether the metabolic syndrome is associated with AF and
predictors of AF in the elderly hypertensive patients, noticed signif-
icantly higher levels of SUA in the AF patients (P=0.003) [9]. How-
ever, this association did not persist in the multivariable analysis.

Liu et al. examined this association in patients with essential
hypertension but without significant comorbidities or associated
conditions that would affect SUA levels [10]. Both in the univariate
analysis (P <0.001) and after adjusting for age, hypertension du-
ration, kidney function, interventricular septum thickness and left

ventricular posterior wall thickness, SUA was associated with AF
(odds ratio 1.008; 95% confidence interval 1.003-1.013, P=0.002).

In 2012 Suzuki et al. reported a gender-specific relationship be-
tween AF and SUA [11]. The investigators utilized information from
a single hospital database comprising data from 7155 patients and
reported that the prevalence of AF significantly increased from
the lowest to the highest tertile of SUA in both men and women
(P<0.001). After adjustment for several interacting variables
including age, renal function, hypertension, heart failure, organic
heart disease, stroke and certain medications the association
remained independent only in women. Sun et al. explored the
relationship between SUA and AF in a larger sample of a rural
population in China [12]. Data from 11,338 participants (>35 years
of age) were collected during a single clinic visit that included an
echocardiographic evaluation. Hyperuricemia was associated with
a significantly higher prevalence of AF (2.4 vs. 1.0%; P<0.001).
After adjustment for other cardiovascular and AF risk factors, the
association between SUA and AF remained significant (odds ra-
tio=1.94; 95% confidence interval 1.26-3.00, P=0.003). However
(in contrast to the findings of the previous study) when gender
was considered the independent association remained significant
only in men (P=0.003) and not in women (P=0.235).

Tekin et al. focused on patients with ischemic heart failure and
ejection fraction <40% [13]. The 363 patients included in the trial
were divided in two groups: patients with chronic AF (n=78) and
patients with normal sinus rhythm (n=285). Logistic regression
analysis showed that SUA was significantly and independently
associated with AF (odds ratio 1.27; 95% confidence interval 1.06-
1.52, P=0.01). Mantovani et al. studied the relationship between
elevated SUA and AF in hospitalized patients with type 2 diabetes
[14]. The majority of admissions were for decompensated diabetes,
diabetic foot ulcers and infections. Patients with malignancies were
excluded. Since the patients were hospitalized, detailed informa-
tion for several parameters was available (allowing for multiple
adjustments for potential confounders). Out of 842 patients,



G. Giannopoulos et al./Trends in Cardiovascular Medicine 29 (2019) 41-47 43

91 (10.8%) had permanent or persistent AF (none had paroxysmal
AF) and 243 (28.9%) had hyperuricemia. In univariable logistic
regression analysis, hyperuricemia was associated with a 3.5-fold
higher risk of prevalent AF (unadjusted odds ratio 3.41; 95%
confidence interval 2.19-5.32, P <0.001). The correlation persisted
even after adjustment for multiple AF risk factors and potential
confounders. Kuwabara et al. undertook a different approach
and attempted to investigate the relationship in an apparently
healthy general population [15]. They performed a retrospective
cross-sectional study using the data collected from subjects that
underwent an annual regular health check-up at St. Luke’s Inter-
national Hospital, in Tokyo, between January 2004 and June 2010.
After multiple adjustments, the regression analysis showed that
each 1mg/dl increase in SUA was associated with 35% higher odds
for AF (95% confidence interval 22-50%). Interestingly, smoking
was not independently associated with AF. After excluding subjects
with chronic kidney disease, hypertension, dyslipidemia, diabetes,
those on current medication for hyperuricemia and/or gout, as
well as those with a history of cardiovascular disease, each 1 mg/dl
increase in SUA was associated with 53% higher odds for AF (95%
confidence interval 21-92%), following multivariable adjustments.
The odds ratio of AF for hyperuricemia was 2.75 (95% confidence
interval 2.10-3.60) in all the subjects and 3.19 (95% confidence
interval 1.81-5.62) in the subjects of the second cohort.

Another large, single center, cross-sectional trial conducted
in Japan included 285,882 individuals that underwent routine
screening from January 1979 to December 2013 [16]. Those re-
ceiving treatment for hyperuricemia were excluded from analysis.
Subjects were stratified into deciles of SUA and AF prevalence was
calculated for each decile. Multivariable logistic regression analysis
showed that SUA was independently associated with AF in both
men and women (P <0.001). As in some of the previous studies,
high SUA levels in women showed a stronger association with
AF than did in men (adjusted odds ratio 4.71 versus 2.60). The
stratification into deciles allowed for the observation that low SUA
levels (<4.3mg/dl in men and <3.5mg/dl in women) were also
associated with an increased risk of AF.

Recently, Wakula et al. hypothesized that in patients with
paroxysmal AF several biomarkers, including SUA, would be el-
evated as compared to patients in sinus rhythm [17]. Patients
with dual-chamber pacemakers and activated atrial monitoring
participated in the study. Depending on the event history of their
pacemaker at the date of inclusion two groups were identified. A
group with atrial high rate episodes (AHRE) >6 min in duration
and a group with no AHRE. From 49 patients with detected AHRE,
19 with confirmed paroxysmal AF and the highest incidence
and longest AHRE episodes were selected and compared with
20 patients with no AHRE and no history of atrial arrhythmias.
Univariate analysis showed that levels of SUA were not different
in the AHRE and no AHRE subgroups (Wilcoxon test P=0.2608).
However, the size of the cohort limits the statistical power of the
analysis. In addition, and similar to all case-control design studies,
there is always the risk of selection bias. Table 1 summarizes all
cross-sectional and case-control studies associating SUA with AF.

Prospective cohort studies

The first prospective study to address this issue was based
on a large community cohort of 15,382 AF-free black and white
men and women between 45 and 64 years of age sampled from
4 United States communities [18]. The participants were part of
the “Atherosclerosis Risk In Communities” (ARIC) study population.
The primary outcome was incident AF. The diagnosis was obtained
from electrocardiograms (ECGs) during scheduled visits, from hos-
pital discharge records and/or death certificates. During a median
follow-up of 16.8 years AF was detected in 1085 participants. Its
incidence was positively associated with SUA levels, with an al-

most threefold risk difference between the lowest and the greatest
quartile of SUA (3/1,000 person-years versus 8/1,000 person-years,
P <0.01). After multivariable adjustment, SUA remained signifi-
cantly associated with the risk of incident AF (hazard ratio 1.16;
95% confidence interval 1.06-1.26 per one standard deviation).
However, this relation differed by race and gender. Baseline SUA
was associated with incident AF in blacks but not in whites and
in women but not in men. Censoring the analysis for subjects that
developed heart failure and myocardial infarction (MI) before de-
veloping AF, attenuated the relation between SUA and AF (hazard
ratio 1.07; 95% confidence interval 0.97-1.17 per one standard devi-
ation), and indicated that the association can be, at least partially,
explained by the increased risk of other cardiovascular diseases.

In another cohort study, from Taiwan [19], a history of
one or more episodes of gouty arthritis, over a mean follow-up of
6.3 years, was associated with higher risk of AF (2.1% versus 1.7% in
controls, P <0.001). Adjustments for age and gender did not alter
the significant association with new-onset AF (hazard ratio 1.191;
95% confidence interval 1.098-1.292, P <0.001). Of note, however,
is the low adherence to evidence-based treatment of symptomatic
gout, suggesting that a considerable percentage patients was
not treated with uric acid-lowering agents [20]. The same year
Valbusa et al. reported that elevated SUA levels were strongly
associated with an increased incidence of AF in patients with type
2 diabetes [21]. A random sample of 400 diabetic patients (mean
age 65 years), free of atrial flutter/AF at baseline, was followed for
10 years. Hyperuricemia was present in 73 patients. During follow-
up 42 cases of AF were recorded. Increased SUA 1 was associated
with an increased risk of incident AF (odds ratio 2.43, 95% con-
fidence interval 1.8-3.4, P <0.0001 per SD increase in SUA level).
After adjustments for several cardiovascular and AF risk factors,
electrocardiographic features and use of diuretics and allopurinol,
the association remained significant (adjusted odds ratio 2.44, 95%
confidence interval 1.6 to 3.9, P<0.0001). The results remained
largely unchanged even when patients with previous coronary
heart disease or heart failure were excluded from the analysis.

Chuang et al. sought to investigate the prospective relationship
between hyperuricemia and AF in a cohort of elderly (65 years of
age and older) Taiwanese people [22]. Data collected during a na-
tionwide survey from 1485 non-institutionalized individuals, free
at AF were analyzed for this purpose. Over a median follow-up
of 9.16 years, hyperuricemia was associated with a significantly
higher AF incidence rate (P = 0.049).

The Tromso study investigated the association between SUA
and AF incident in a general population of white north-European
descent [23]. Among 6308 participants, AF incidence was 7.26 per
1000 person-years (95% confidence interval 6.36-8.16) in women
and 9.60 (95% confidence interval 8.56-10.64) in men. The mean
follow-up period was 10.8 years. In the multivariable analysis, one
standard deviation of increase in SUA was associated with a risk
increment of 17% in men and 40% in women (although the associa-
tion appeared stronger in women, interaction with gender was not
significant, P=0.46). Including C-reactive protein in the covariates
did not change the results, implying that the association, at least
in the present study, was not driven by inflammatory pathways.

Kuo et al, focused specifically on patients with gout in
a study with a mixed design (combining case-control/cross-
sectional/cohort studies characteristics) [20]. They used data from
the Clinical Practice Research Data-link database in United King-
dom to examine the risk of AF, at the time of first diagnosis of
gout, compared with randomly matched controls. A total of 45,328
gout patients and an equal number of controls were entered in
the analysis. The proportion of individuals having AF at the time
of the index date was significantly higher in gout patients than in
controls (7.42% versus 2.83%, P <0.001). After considering several
covariates, gout was still associated with increased odds for AF
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Summary of cross-sectional and case-control studies associating serum uric acid (SUA) with atrial fibrillation (AF).

Author [reference number] Study design Population under study Number of Total Main findings

patients with population

AF
Letsas et al. [8] Cross-sectional ~ Paroxysmal and persistent AF 86 130 SUA independent predictor of permanent AF
Hu et al. [9] Cross-sectional Metabolic syndrome 125 2055 High SUA was associated with AF
Liu et al. [10] Cross-sectional  Essential hypertension 50 450 SUA independent predictor of AF
Suzuki et al. [11] Cross-sectional ~ Single hospital database 1131 7155 SUA independent predictor of AF in women
Sun et al. [12] Cross-sectional ~ Rural population in China 139 11,338 SUA independent predictor of AF in men
Tekin et al. [13] Cross-sectional Patients with ischemic heart failure 78 363 SUA independent predictor of AF
Mantovani et al. [14] Cross-sectional Hospitalized patients with type 2 91 842 SUA independent predictor of AF

diabetes

Kuwabara et al. [15] Cross-sectional  Healthy individuals 62 49,294 SUA independent predictor of AF
Kawasoe et al. [16] Cross-sectional  General population 3430 285,882 SUA independent predictor of AF
Wakula et al. [17] Case-control Patients with dual-chamber 19 39 SUA not associated with AF

pacemakers and paroxysmal AF

Table 2
Summary of prospective cohort studies associating serum uric acid (SUA) with atrial fibrillation (AF).
Author [reference number] Population under study Number of Total population = Mean follow-up  Main findings
patients with (years)
AF
Tamariz et al. [18] General population between 45 1083 15,382 16.8 SUA independently associated with AF risk
and 64 years of age in blacks but not in whites and in
women but not in men
Chao et al. [19] Patients with hyperuricemia 2339 122,524 6.3 Hyperuricemia a significant risk factor for
new-onset AF
Valbusa et al. [21] Patients with type 2 diabetes 42 400 10 SUA independently associated with
incident AF
Chuang et al. [22] Elderly population in Taiwan 90 1485 9.16 Hyperuricemia independently associated
with AF
Nyrnes et al. [23] General population of white 572 6308 10.8 SUA independently associated with risk of
north-European descent AF
Kuo et al. [20] Patients with gout 5856 90,656 9 Gout independently associated with a
higher risk of AF
Kim et al. [24] Patients with gout 3476 280,060 2 Gout independently associated with a

modestly increased risk of incident AF

(adjusted odds ratio 1.45; 95% CI 1.29-1.62). During a median
follow-up of 9 years, at all times since the index date, the cumu-
lative probability for incident AF was significantly higher in gout
patients than in controls (log-rank test P<0.001). The adjusted
hazard ratio was 1.09 (95% confidence interval 1.03-1.16). Hazard
ratio estimates were similar in both men and women.

The correlation between AF and gout was also studied by Kim
et al. [24]. Two different non-gout populations were selected as
controls. The primary comparison was made with a population
of osteoarthritis patients. Osteoarthritis was selected to minimize
confounding by obesity, comorbidities and health care utilization
intensity, as these characteristics are similar to those of the gout
group. The secondary comparison was made with a group of
patients who had no diagnosis of gout at baseline. The same
exclusion criteria were applied in both comparison groups. The
final study cohort included 70,015 gout and 210,045 osteoarthritis
patients. The mean follow-up time was 2.1 years for gout and 2.0
years for osteoarthritis patients. The rate of incident AF was 7.19
per 1,000 person-years in gout and 5.87 per 1,000 person-years
in osteoarthritis patients. After adjusting for several variables the
hazard ratio of AF associated with gout was 1.13 (95% CI 1.04-
1.23). The secondary comparison was made between 91,976 gout
patients and 275,928 non-gout patients. After adjusting for more
than 35 covariates, the risk of incident AF associated with gout
(hazard ratio 1.21, 95% CI 1.11-1.33) remained increased in gout
compared to non-gout. The authors concluded that gout was asso-
ciated with a modestly increased risk of incident AF compared to
osteoarthritis and non-gout. Due to the substantial consequences
of AF, this association might have an important impact on the
gout population. Table 2 summarizes all prospective-cohort studies
associating elevated SUA and/or gout with AF.

Meta-analyses

Three meta-analyses have sought to define the relationship
between SUA and AF. In 2013 Tamariz et al. searched the MED-
LINE database (from 1966-2013) for relevant publications [25].
Six cross-sectional and three cohort studies met their eligibility
criteria. . In the cross-sectional studies, 1603 individuals with AF
were compared with 6327 individuals without AF. The pooled
standardized mean difference of SUA for those with AF was 0.42
(95% CI 0.27-0.58). The three cohort studies included 138,306
individuals without AF at baseline and 3466 individuals that de-
veloped AF over a median follow-up of 12 years. The median age
of the population was 54 years. The pooled relative risk of inci-
dent AF for those with high SUA was 1.67 (95% confidence interval
1.23-2.27). The authors concluded that there is a clear and strong
association between AF and elevated SUA. What was not clear is
whether SUA represents simply a disease marker or a treatment
target.

A few years later, in another meta-analysis, Xu et al. included 7
cohort studies with a total of 146,792 participants [26]. The liter-
ature was identified after electronic searches in PubMed, Embase
and Web of Science databases. Five studies assessed the impact
of hyperuricemia on new-onset AF incidence and two studies
assessed the impact of hyperuricemia on AF recurrence in AF pa-
tients after catheter ablation. Meta-analysis of all 7 studies showed
that hyperuricemia was significantly and independently associ-
ated with increased risk of AF (adjusted relative risk 1.80, 95%
confidence interval 1.37-2.38, P <0.001). Hyperuricemia showed
a significant association with increased risk of both new-onset
AF (adjusted relative risk 1.66, 95% confidence interval 1.22-2.26,
P=0.001) and AF recurrence (adjusted RR=2.07, 95%confidence
interval 1.61-2.67, P < 0.001).
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The most recent of the three meta-analyses included only
prospective studies [27]. Electronic searches of PubMed and Em-
base databases and manual searches of selected journals were
concluded on October 2016. Six studies involving a total of 426,159
participants were finally selected. The follow-up ranged from 2
to 16.8 years. Hyperuricemia was significantly associated with an
increased risk of AF (pooled relative risk 1.49; 95%CI 1.24-1.79,
P <0.001). In a sensitivity analysis omitting each study sequentially
did not alter the pooled risk estimates in any significant way.

Atrial fibrillation recurrence after ablation procedures

The prognostic significance of increased SUA levels in AF
ablation outcomes was only explored in two studies. Another
two studies focusing on other parameters presented relative data
(baseline SUA values were acquired and analyzed). An initial
observation of such an interaction was reported by Letsas et al.
[28]. The authors sought to investigate the impact of body mass
index on the efficacy and safety of radiofrequency catheter abla-
tion of AF. The data of 226 consecutive patients (183 males) with
highly symptomatic, paroxysmal or persistent AF that underwent
pulmonary vein isolation (PVI) were retrospectively analyzed.
Patients with AF recurrence were more likely to have, among oth-
ers, increased SUA levels (P=0.008). In univariate Cox regression
analysis, SUA was one of the predictors of AF recurrence (hazard
ratio 1.194; 95% confidence interval 1.017-1.402, P=0.030). In
multivariable Cox regression analysis, fibrinogen and SUA (hazard
ratio 1.167; 95% confidence interval 1.000-1.361, P=0.05) were the
only independent predictors of AF recurrence. He et al. analyzed
data of 330 patients with paroxysmal AF that underwent PVI
[29]. Patients were categorized into quartiles on the basis of
their pre-operative SUA. From the lowest quartile to the highest
quartile, the recurrence rates were 16.0%, 26.4%, 28.3%, and 29.3%,
respectively (P=0.014). After adjustments for several factors there
was still an increased risk of recurrence of AF in subjects in the
highest quartile of SUA compared with subjects in the lowest
quartile (hazard ratio 2.804; 95% confidence interval 1.466-5.362,
P=0.002). A positive correlation was also reported by Canpolat
et al. [30]. A cryoablation procedure was performed on 363 pa-
tients with symptomatic paroxysmal atrial fibrillation. Similar to
the previous study, they were categorized into quartiles on the ba-
sis of their pre-procedural SUA. Recurrence rates from the lowest
to the highest quartiles were 2.9%, 7.4%, 11.8%, and 77.9%, respec-
tively (P <0.001). Following multivariable Cox proportional hazard
regression analysis, pre-ablation SUA level (hazard ratio 1.96; 95%
confidence interval 1.49-2.59, P < 0.0001) was among the indepen-
dent predictors of AF recurrence. On the other hand, Guo et al.,
who explored the impact of neutrophil/lymphocyte ratio on the
prognosis of lone AF patients after catheter ablation, reported that
SUA was not correlated with recurrence of the arrhythmia [31].

Ventricular arrhythmias

In terms of the relationship between increased SUA levels and
ventricular arrhythmias, the evidence is sparse. From a handful of
studies, only one addressed this issue as per protocol with the rest
providing indirect evidence of a possible link. As early as 1985,
while investigating a potential arrhythmogenic effect of diuretic
usage, McDonald et al. noticed a relationship between SUA and
ventricular ectopy [32]. The authors speculated that this might
be attributed either to the drugs themselves, the comorbidities
of the studied population or, alternatively, this could represent a
direct causal effect on the ventricular myocardium. Yamada et al.
investigated the association between increased SUA levels and the
occurrence of ventricular tachycardia (VT) in patients with left
ventricular hypertrophy [33]. In this small observational study,

167 individuals with echocardiographic evidence of hypertrophy
(interventricular septum and posterior wall thickness >12mm)
were divided in two groups based on whether VT (defined as
5 or more consecutive ventricular beats) was detected or not
on a 24 h ECG recording. The multivariable regression analysis
showed that SUA was the only independent factor associated with
the appearance of VT (odds ratio, 1.61; 95% confidence interval
118-2.22; P < 0.01). Recently, Singh and Cleveland investigated
whether allopurinol use was associated with a reduction in the
risk of ventricular arrhythmias [34]. For this purpose a random
sample of Medicare beneficiaries was utilized. 28,775 cases of
new allopurinol use were studied, with gout as the underlying
diagnosis in 74% of cases. Multivariably adjusted analyses revealed
that, compared to non-use, allopurinol use was associated with
a hazard ratio of ventricular arrhythmia of 0.82 (95% confidence
interval 0.76-0.90) and longer use durations were significantly
associated with lower multivariate-adjusted hazard ratio [1-180
days, 0.96 (95% confidence interval 0.85-1.08); 181 days to 2
years, 0.76 (95% confidence interval 0.68-0.85); and >2 years, 0.72
(95% confidence interval 0.60-0.87)]. Notably, this was also the
case when the analysis was limited to patients not receiving anti-
arrhythmic or cardio-protective medications. In fact, for patients
without coronary artery disease, the hazard reduction was 38%
versus 13% for patients with coronary artery disease. Adjustments
for known risk factors produced similar results. It seems that
long term allopurinol administration (>~6 months) affects patho-
physiologic pathways attenuating the vulnerability of the ventric-
ular myocardium to arrhythmia, presumably via a concomitant
decrease in SUA and not (at least not only) via an unidentified
direct anti-arrhythmic action (in which case the results would
have been apparent immediately upon treatment initiation).

Pathophysiologic considerations

Despite the major progress made during the last decade in
the understanding of the pathogenesis of gout, it is still unclear
(whether and) how uric acid can promote AF induction and its
maintenance. Since evidence for this association comes primarily
from epidemiologic studies, one can only speculate about the
pathophysiologic pathways connecting the two disease states.

Theoretically, both inflammatory-dependent and inflammatory-
independent mechanisms might play a role (Fig. 2) [35]. Central to
the inflammatory-dependent mechanisms is the activation of the
nucleotide-binding domain leucine-rich repeat-containing protein
3 (NLRP3)-inflammasome resulting in the production and release
of interleukin-18 (IL-18). Secreted IL-18 can stimulate the prolif-
eration and differentiation of fibroblasts to myofibroblasts, which
in turn release large amount of cytokines, including transforming
growth factor 81 (TGF B1) promoting fibrosis. Atrial fibrosis could
alternatively (or in parallel) be promoted by the effect of reactive
oxygen species on the Ca2*-permeable cation channel TRPM7 [36].
Whatever the case may be, structural remodeling facilitates the
development of re-entrant circuits and the perpetuation of the
arrhythmia. Inflammation-independent pathways can influence the
action potential duration of the atrial cells through up-regulation
of Kv1.5 channel proteins, increasing the ultra-rapid delayed rec-
tifier potassium current (I, ) [37]. In addition IL-18 can directly
suppress the L-type Ca?t current (Ic,1) via its action on IL-1
receptors [38]. Both effects (augmented Ig,, and reduced |c,
currents) might result in a shortening of action potential duration
providing yet another substrate for maintaining AF.

Electrical remodeling can also be mediated by the interaction
between the NLRP3-inflammasome and the sarcoplasmic reticulum
CaZ+-ATPase that promotes delayed afterdepolarizations and thus,
electrical instability [39,40]. Other possible mechanisms might
involve the renin-angiotensin-aldosterone-system [41]. However,
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Fig. 2. Putative mechanisms of hyperuricemia-induced atrial fibrillation. APD, action potential duration; DADs, delayed afterdepolarizations; ER, endoplasmic reticulum;
Igur, atrial ultra-rapid delayed rectifier potassium current; Ic,1, L-type Ca?* current; IL-1p, interleukin-18; ILR, interleukin receptor; KCNA5, gene encoding the voltage-gated
potassium channel subfamily A, member 5; NLRP3, nucleotide-binding domain leucine-rich repeat-containing protein 3; RyR2, ryanodine receptor type-2; SERCA, sarcoplas-
mic reticulum (SR) Ca®*-ATPase; ROS, reactive oxygen species; TGF A1, transforming growth factor 81; pERK, phosphorylated (activated) extracellular signal-regulated kinase;
UA, uric acid; UAC, uric acid crystal; UAT, uric acid transporter. Solid lines indicate proven mechanisms, whereas dash lines indicate putative pathways. (Modified from [35],

with permission).

one should keep in mind that AF has a complex pathophysiologic
background. The discussed pathophysiologic pathways are a con-
ceptual exercise that tries to link the limited available data from
animal studies and a hypothesis to an end result.

Therapeutic implications and future perspectives

When considering the presented studies collectively, it becomes
apparent that hyperuricemia /gout and cardiovascular disease
share several risk factors. Individuals with hyperuricemia/gout
should, therefore, be systematically screened for cardiovascular
diseases and risk factors, which should be addressed as an im-
portant part of their management. Implementation of the current
guidelines, with a focus on urate-lowering therapies and close
monitoring of treatment targets should help improve outcomes -
although this has yet to be persuasively and rigorously shown in
clinical studies, especially as far as arrhythmias are concerned. Of
note, there is evidence of poor adherence on the part of involved
physicians to evidence-based treatment of these conditions [20,42].

Regarding the association between hyperuricemia/gout and
arrhythmias, despite the relatively numerous epidemiologic stud-
ies addressing the issue, there is a striking paucity of trials of
the effects of pharmacologic interventions on clinical outcomes.
Consequently, there is an unmet need for new studies, prefer-
ably in the form of large randomized control trials, in order
to examine the effect of urate-lowering therapies on different
arrhythmias, test the hypothesis of a cause-effect relationship be-
tween hyperuricemia and rhythm disturbances and elucidate the
pathophysiology of a potential beneficial role of such treatments.

Since the bulk of the epidemiologic studies suggest that in-
creased SUA levels are independently associated with the risk
of AF, it is conceivable that allopurinol and other urate-lowering
agents could be tested for the prevention of incident AF in pa-
tients with asymptomatic hyperuricemia and comorbid conditions

(including patients after coronary bypass graft surgery) or for
prevention of AF recurrence after ablation procedures. Another
large patient group where quality data are sparse involves patients
with CAD. Ventricular arrhythmias are a major cause of morbidity
and mortality in CAD patients and, given the high prevalence of
CAD, even modest correlations between SUA levels and ventricular
arrhythmias - and, more importantly, similarly modest therapeutic
effects — could be of significant clinical impact.

Finally, more data are necessary not only from the bedside
but also from the bench. Putative pathways of actions, such as
those proposed by Li and Dobrev (Fig. 2) [35] or by Maharani
et al. [41], as well as others as yet unknown, should be scrutinized
in an effort to discover the molecular mechanisms that could
underlie the link between hyperuricemia and arrhythmia, if such
mechanisms really do exist.

Conclusion

Existing evidence may not be overwhelming, but strongly
suggests a positive correlation between SUA levels and com-
mon rhythm disorders. Needless to say that such a link - as
a univariate association between the two - is to be expected,
given the extensive overlap of risk factors and comorbidities
of hyperuricemia/gout and arrhythmias. However, the observed
associations seem to persist — in most studies - after extensive
adjustment for potential confounders. Still, multivariable analyses
of epidemiologically collected data are just mathematical tools and
cannot, under any circumstances, substitute proof coming from ba-
sic and clinical studies. There is obviously a need for further basic
research to establish a causal relationship between uric acid effects
and arrhythmias, as well as translational studies and clinical trials
to investigate the therapeutic implications of such a relationship.

Simply put, we are fairly certain that there is association, but
proof of causation is what we are still in want of.
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