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Abstract Background and aims: Uric acid, the end-product of purine metabolism within the hu-
man body, has been the subject of studies exploring its potential association with cardiovascular
and cerebrovascular diseases. However, the precise relationship between uric acid levels and
heart failure remains elusive.
Methods and results: In this particular study, aggregated data from genome-wide association
studies on uric acid and heart failure were utilized to perform a two-sample Mendelian random-
ization (MR) analysis utilizing R software. The aim was to uncover any causal link between these
variables. The primary outcome was assessed using inverse variance weighted (IVW) methodol-
ogy, while sensitivity analyses employed MR-Egger, weighted median (WME), and MR Pleiotropy
RESidual Sum and Outlier (MR-PRESSO) techniques. IVW results revealed a possible causal rela-
tionship between elevated uric acid levels and an increased risk of heart failure (OR: 1.09, 95 %
CI: 1.01e1.17, P < 0.05). Encouragingly, the directions provided by MR-Egger and WME aligned
with IVW findings, and no anomalies were detected in the remaining sensitivity analyses.
Conclusion: These outcomes indicate the stability of the results of the study, thereby suggesting
that heightened uric acid levels may contribute to an augmented risk of heart failure.
ª 2024 The Italian Diabetes Society, the Italian Society for the Study of Atherosclerosis, the Ital-
ian Society of Human Nutrition and the Department of Clinical Medicine and Surgery, Federico II
University. Published by Elsevier B.V. All rights reserved.
1. Introduction

Heart failure manifests as a syndrome characterized by
indicators and symptoms of cardiac insufficiency, leading
to a reduction in life expectancy [1]. Numerous factors may
contribute to the development of heart failure, with
smoking, obesity, hypertension, diabetes, coronary artery
disease, and genetics being the most prevalent risk factors
[2]. Statistics reveal that over 64 million individuals
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worldwide presently endure heart failure, with a preva-
lence of 1e2% among adults in developed nations [3]. Due
to its impact on global public health, addressing the health
concerns associated with heart failure through the iden-
tification of predictive markers or risk factors becomes
crucial for human well-being.

Uric acid, stemming from purine metabolism, serves as
an antioxidant within the human body and aids in main-
taining blood pressure [4]. However, when uric acid is
present in the cell cytoplasm or the acidic/hydrophobic
environment of atherosclerotic plaques, it transforms into a
pro-oxidant that fuels oxidative stress. Through this
mechanism, uric acid becomes involved in the pathophys-
iological processes of coronary heart disease (CHD) [5].
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Additionally, serum uric acid closely correlates with obesity,
hypertension, dyslipidemia, glucose metabolism disorders,
and metabolic syndrome, amongst others [6]. Given that
heart failure represents the advanced stage of most cases of
coronary heart disease, which exhibits close associations
with hypertension, myocardial infarction, atrial fibrillation,
and valvular disease, some scholars propose that uric acid
may play a significant role in heart failure. Relevant studies
have shown that increased serum uric acid levels may serve
as a critical risk factor for the occurrence and prognosis of
heart failure [7]. Nevertheless, research exploring the rela-
tionship between uric acid and heart failure remains rela-
tively scarce, with controversy surrounding their
connection. By employing Mendelian randomization (MR)
in this study, the study aims to delve into the association
between uric acid and heart failure, thus offering fresh in-
sights for the clinical management of heart failure.

A novel approach was presented by MR to causal
inference in epidemiological investigations by leveraging
hypothesized additional genetic variants that adhere to the
instrumental variable (IV) hypothesis [8]. The validity of
MR Results is determined by the validity of three hy-
potheses (relevance hypothesis, independence hypothesis,
and exclusivity hypothesis), which necessitate individual
examination by researchers based on their expertise.

Randomized controlled trials (RCTs) represent the gold
standard for establishing causal relationships between
exposures and specific outcomes, making them an essen-
tial component of medical research endeavors [9]. How-
ever, challenges are often confronted by RCTs related to
resource-intensive requirements in terms of manpower,
material resources, and time. In the absence of feasible
RCTs, MR serves as a strategy that simulates RCTs,
providing evidence for causal inference. Over recent years,
MR has gained widespread adoption within medical
research as a promising methodology for assessing
causality.

In summary, this study employs aggregated data from
genome-wide association studies (GWAS) to conduct MR
analysis, exploring the causal relationship between uric
acid and heart failure. The overarching objective is to
furnish evidence-based medicine that can inform the
prevention and treatment of heart failure, ultimately
contributing to improved well-being.

2. Methods

2.1. Study design

Within this study, two-sample MR analysis is utilized to
investigate the causal connection between uric acid levels
and heart failure. Firstly, single nucleotide polymorphisms
(SNPs) associated with uric acid levels are sourced from
the GWAS database. Subsequently, data pertaining to heart
failure associations were obtained, and qualified SNPs
were meticulously selected to elucidate the instrumental
variables employed in this study. Finally, MR, along with a
series of statistical analyses, comprehensively evaluated
the causal relationship between uric acid levels and heart
failure. Ethical approval specific to this experiment was not
required.

Furthermore, this MR design adhered to the following
three hypotheses: (1) Instrumental variables exhibit sig-
nificant correlation with exposure factors (relevance hy-
pothesis); (2) The instrumental variables remain
independent of potential confounding factors influencing
the exposure-outcome relationship (independence hy-
pothesis); (3) Instrumental variables solely impact out-
comes through exposure (exclusivity hypothesis).

2.2. Data source

Exposure and outcome data for this study were derived
from publicly available IEU Open GWAS summary data. The
exposure-related GWAS data encompassed 110,347 in-
dividuals from 48 European cohorts, with mean serum
urate concentrations ranging from 3.9 to 6.1 mg/dl (median
5.2 mg/dl) across all cohorts. The data comprised infor-
mation on 4,865,122 SNPs obtained from the Global Urate
Genetics Consortium (GUGC). More detailed data can be
found in Kottgen’s original article [10]. In this GWAS meta-
analysis, 37 independent loci demonstrated associations
with serum urate concentration at a significance threshold
(P < 1 � 10�6), with 26 of these loci exhibiting significant
associations (P < 5 � 10�8). Outcome-related GWAS data,
publicly accessible in 2021, incorporated 13,087 cases and
192,618 controls across European populations, involving
16,380,466 SNPs. Notably, all sample data within this study
were independent from one another.

2.3. Selection criteria for instrumental variables

Instrumental variables in this study were screened based
on the following criteria. Inclusion criteria: (1) SNPs dis-
playing genome-wide significance in relation to serum
urate levels (P < 5 � 10�8); (2) Linkage disequilibrium (LD)
r2 < 0.001, kb < 10000. Exclusion criteria: (1) SNPs asso-
ciated with outcome (P < 5 � 10�6); (2) SNPs associated
with significant factors impacting the potential risk of
heart failure, as per the PhenoScanner website (http://
www.phenoscanner.medschl.cam.ac.uk/) (P < 5 � 10�8);
(3) SNPs exhibiting anomalies in MR Pleiotropy RESidual
Sum and Outlier (MR-PRESSO) analysis.

2.4. Statistical analysis

In this study, random effects model was adapted for data
consolidation, employing three MR analysis methods: in-
verse variance weighted (IVW), MR-Egger, and weighted
median (WME). A significance level of P < 0.05 was
considered statistically significant. IVW served as the pri-
mary method for results, while MR-Egger and WME were
employed to assess the consistency of direction and
further verify the findings. IVW combined causal effect
estimates from Wald ratios obtained from different SNPs
using meta-analysis when each genetic variable satisfies
the assumption of one instrumental variable, thereby
providing a summary estimate of the causal effect of
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exposure on outcome [11]. MR-Egger accounted for hori-
zontal pleiotropy by incorporating the MR-Egger intercept.
WME allowed for inclusion of invalid instruments under
the assumption that at least half of instruments employed
in MR analysis were valid.

Sensitivity analyses consisted of MR-PRESSO, Cochran’s
Q test, MR-Egger intercept assessment, leave-one-out
analysis, and funnel plot. Cochran’s Q test was utilized to
evaluate the heterogeneity within this study. MR-PRESSO,
MR-Egger intercept test, leave-one-out analysis, and fun-
nel plot were employed to test for pleiotropy. When MR-
PRESSO results indicate the presence of outliers, the MR
analysis requires reexecution after excluding said outliers.

Additionally, the power of the results, representing the
degree of confidence, was calculated. Firstly, the sum of
sample size, proportion of cases, OR, and R2 of SNPs was
extracted. Secondly, this study utilized mRnd: Power cal-
culations for Mendelian Randomization website (https://
shiny.cnsgenomics.com/mRnd/) to perform the calculation.

All aforementioned analyses were conducted using R
software.

3. Results

3.1. Selection of instrumental variables

Following a series of quality control measures, 24 SNPs
associated with uric acid were initially included. Upon
consulting the PhenoScanner website, two SNPs signifi-
cantly linked to heart failure risk factors (P < 5 �
10�8) were eliminated, namely “rs1260326" associated
with alcohol consumption and “rs3184504" associated
with diabetes. Consequently, 22 SNPs were ultimately
utilized as instrumental variables. Specific informationwas
shown in Table S1. The F-value statistics for all SNPs sur-
pass 10, indicating minimal potential for weak instru-
mental variable bias within this study.

3.2. Statistical analysis

The IVW results demonstrated a possible causal relation-
ship between elevated uric acid levels and increased risks
of heart failure (OR: 1.09, 95%CI: 1.01e1.17, P < 0.05). The
other twoMRmethods also exhibited consistent directions
with IVW. Cochran’s Q test and MR-Egger intercept test
indicated the absence of heterogeneity and horizontal
pleiotropy in this study (P ＞ 0.05). Detailed MR analysis
results were shown in Table S2, Fig. 1, and Fig. 2. No out-
liers were detected via MR-PRESSO (P ＞ 0.05). Leave-one-
out analysis (Fig. 3) and funnel plot (Fig. 4) exhibited no
abnormalities. Additionally, the test power of these results
were determined to be 0.80, thereby affirming the stability
and reliability of the outcomes.

4. Discussion

This study employed a two-sample Mendelian randomi-
zation (MR) approach to investigate the causal relationship
between uric acid levels and heart failure. Three MR
analysis methods were utilized, with inverse variance
weighted (IVW) as the primary outcome, and MR-Egger
and weighted median (WME) used for consistency evalu-
ation and result validation. The findings of this study
supported the notion that elevated uric acid levels may
heighten risks of heart failure. Furthermore, sensitivity
analyses detected no anomalies, indicating the stability
and reliability of results. Overall, this study contributed
new insights into the association between uric acid and
heart failure, while providing evidence-based medical
knowledge for the prevention and treatment of this
condition.

In terms of observational data on the relationship be-
tween uric acid and heart failure, Keenan’s team came up
with the opposite result, using a similar MR analysis for
causal assessment of serum urate levels in cardiometabolic
diseases, including heart failure, which covered 4,526
cases and 18,400 controls [12]. The results did not support
the causal role of serum uric acid levels in heart failure.
However, other researchers have arrived at the same
conclusion as our study. In the multicenter, nationwide
Italian cohort study of 21,386 individuals, uric acid was
identified as an independent risk factor for both all heart
failure and fatal heart failure after adjusting for potential
confounding variables. The study showed that prognostic
cutoff values for uric acid levels could be determined, with
the values > 5.34 mg/dl indicating an increased risk of all
heart failure, and the values > 4.89 mg/dl indicating an
increased risk of fatal heart failure [13]. An epidemiological
study examining data from the adult population of the
United States between 2007 and 2016, comprising 17,349
individuals, demonstrated an association between
elevated serum uric acid concentration and heart failure
risk [14]. Huang et al. conducted a meta-analysis of 5
studies and found that for every 1 mg/dl increase in serum
uric acid, the risk of heart failure increased by 19 % [15].

Although the precise mechanism underlying the asso-
ciation between uric acid levels and heart failure remains
unclear, it has been observed that increased uric acid levels
were associated with adverse hemodynamic characteris-
tics in heart failure patients, including higher right atrial
pressure and pulmonary capillary wedge pressure, higher
pulmonary artery pressure and pulmonary vascular resis-
tance index, as well as lower cardiac index, indicating an
association between uric acid levels and vascular tension
and cardiac function [16]. Cicero et al. reported an inverse
correlation between serum uric acid and cardiac output
and stroke volume [17]. Moreover, uric acid may
contribute to pathophysiological processes of heart failure
and cardiovascular disease by promoting oxidative stress
and inflammation [18]. Despite numerous studies
exploring the potential mechanisms linking uric acid to
heart failure, the issue remains controversial and requires
verification through extensive clinical studies in the future.

The only previous MR study examining the relationship
between uric acid and heart failure, conducted by Keenan
et al., was published in 2016 [12]. One advantage of our
study was inclusion of a larger number of heart failure
patients, approximately three times the number of cases in
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Figure 1 Forest plot of the causal effect of uric acid-related SNPs on heart failure.
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the aforementioned study, which enhanced the statistical
power. Furthermore, the GWAS data on heart failure
employed in our study were generated in 2021, making it
more up-to-date with current research standards.
Figure 2 Scatter plot of uric acid-relate
These significant strengths lied in large sample size,
including 13,087 heart failure patients, and utilization of
SNPs from 22 independent loci. Additionally, calculated test
power for this experiment was 0.80, signifying an 80 %
d SNPs associated with heart failure.



Figure 3 Leave one out analysis plot of effect of uric acid levels on heart failure.
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confidence level that elevated uric acid levels may increase
risks of heart failure. Moreover, genetic variants were
employed as instrumental variables, and sample data orig-
inated from European populations, thereby reducing con-
founding biases inherent in previous observational studies.

When exploring the relationship between uric acid
levels and heart failure, it’s crucial to take into account
Figure 4 Funnel plot of effect of u
the influence of renal function and diuretic therapy. Both
renal dysfunction and diuretic therapy can lead to the
elevated levels of uric acid, which are confounding vari-
ables that may affect the relationship between uric acid
levels and heart failure [19,20]. Furthermore, acute cor-
onary syndrome is probably associated with high uric
acid levels, which is considered as another potential
ric acid levels on heart failure.
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confounding factor [21]. Unfortunately, the data we ob-
tained did not include information on renal function,
diuretic therapy or acute coronary syndrome. In order to
reliably explore the relationship between uric acid levels
and heart failure, renal function, diuretic therapy and
acute coronary syndrome should be supplemented in
future research.

In conclusion, the MR analysis in this study unveiled a
possible causal relationship between uric acid and heart
failure. The findings suggest that elevated uric acid levels
may heighten the risk of heart failure, providing a theo-
retical foundation for the prevention and treatment of this
condition.
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