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Association between uric acid and risk of venous
thromboembolism in East Asian populations: a cohort and
Mendelian randomization study
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Summary

Background Serum uric acid (SUA) levels have been associated with an increased risk and recurrence of venous
thromboembolism (VTE) in European populations, but the potential causal relationship remains unclear. Large-scale
studies on the association between SUA and VTE in East Asian populations are lacking, despite the high prevalence
of hyperuricemia in this region. To address this, we conducted a cohort analysis and a two-sample Mendelian
randomization (MR) study in East Asian populations.

Methods We collected data on VTE patients from the China Pulmonary Thromboembolism Registry Study (CURES)
and compared them to controls obtained from the China Health and Retirement Longitudinal Survey (CHARLS).
Propensity score matching (PSM) and cubic-spline models were applied to assess the effect of SUA on VTE risk while
adjusting for multiple covariates. We also performed two-sample MR analyses to infer potential causality based on
summary statistics from Genome-wide Association Studies (GWAS) of SUA and VTE in the East Asian population.

Findings We found that the SUA levels were higher in VTE patients (317.95 mmol/L) compared to the general
population (295.75 mmol/L), and SUA > 325 mmol/L was associated with an increased risk of VTE recurrence (P-
value = 0.0001). The univariable MR suggested a causal relationship between elevated SUA and higher VTE risk
(Piuverse variance weighted < 0.05), and multivariable MR showed that elevated SUA levels continued to promote the
development of VTE after adjusting for multiple covariates (Puisivariable residual < 0.05). Sensitivity analyses produced
similar results for these estimations.
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Interpretation Our study provides evidence supporting a robust positive association between SUA and VTE in the East
Asian population, and MR analyses suggest that this association is likely to be causal. Our findings underscore the
importance of monitoring SUA levels in VTE prevention and call for urgent action to address the growing burden of
hyperuricemia in the Asia-Pacific region.
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Research in context

Evidence before this study

Prior to this study, a systematic search was conducted in
Embase and MEDLINE using MeSH terms related to uric acid
and venous thromboembolism (VTE) up to March 29, 2023.
Thirteen relevant studies were identified, but there was
insufficient evidence to support uric acid as a risk factor for
VTE. Most of the cohort studies included individuals of
Caucasian ancestry, with few studies considering individuals
of East-Asian ancestry. A search in PubMed using MeSH terms
related to Mendelian randomization (MR), uric acid, and VTE
up to March 29, 2023 yielded only one relevant MR analysis.
The study used summary-level data of the uric acid from the
BioBank Japan cohort and the summary-level data of VTE
from the FinnGen consortium, which reported no significant
causal effect of genetically predicted uric acid levels with VTE.
However, it remains uncertain whether uric acid is causally
associated with VTE in other populations, such as the East
Asian population.

Added value of this study

The present study, which utilizes cohort and two-sample MR
analyses, is the largest study in East Asia investigating the
association between uric acid and VTE. The key findings can

Introduction

Venous thromboembolism (VTE), encompassing deep
vein thrombosis (DVT) and pulmonary thromboembo-
lism (PTE), is a serious medical condition with a re-
ported incidence rate of 3.2-17.5 per 100,000
individuals among the population of East Asian
ancestry."” A series of factors, such as age, sex, body
mass index (BMI), lipids, and sedentary behavior, have
been identified to contribute to VTE risk.’ In addition,
genetic factors are also important in VTE development,
with family-based studies showing that heritable factors
account for a significant proportion of familial cases of
VTE." Several genetic loci have been identified by large

be summarized into three points: (1) For Chinese adults,
patients with high uric acid have a higher risk of VTE when
compared to those in the general population, where causality
was suggested by MR analysis in an East-Asian population; (2)
In our cohort analysis, we used propensity score matching to
show that VTE patients have higher uric acid compared to the
general population. (3) In the MR analysis, we used the novel
summary statistics of genetically predicted uric acid as an
instrument variable. The genetic data of VTE was obtained
from a recently published GWAS study of 18,931 Chinese
subjects. Our findings support that uric acid may have a
specific etiological role in VTE. The findings of this study
provide evidence for potential causal associations between
serum uric acid and VTE.

Implications of all the available evidence

The available evidence suggests a significant causal
association between serum uric acid and VTE among the East-
Asian population. Individuals with higher uric acid levels are at
increased risk of developing VTE as well as VTE recurrence.
Therefore, efforts aimed at improving uric acid control may
represent effective strategies for improving the detection and
treatment outcomes of VTE.

GWAS studies to be associated with susceptibility to
VTE,” which were included in metabolic pathways.
Uric acid (UA), the metabolic end product of purine
metabolism, is mainly derived from dietary sources,
such as purine-rich and glutamate-rich foods, as well as
from endogenous sources, such as the breakdown of
nucleic acids.® Elevated serum UA (SUA) levels, result-
ing from overproduction or under-excretion of UA, play
an important role in cardiovascular diseases, heart fail-
ure and stroke.”® Several observational studies have re-
ported a positive association between SUA levels and
VTE risk.”"" For example, a single-center prospective
study found that patients with high SUA levels showed a
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three-fold increase in the risk of VTE recurrence."
However, the underlying pathophysiological mecha-
nism remains unclear, and the causal relationship be-
tween SUA and VTE remains to be confirmed. There is
also a lack of large-scale studies on the association be-
tween SUA and VTE in East Asian populations, even in
the form of observational studies.

Randomized controlled trials (RCTSs) are considered
the gold standard for causal inference in clinical
research, but they tend to be costly and time-consuming.
Moreover, ethical issues may prevent their imple-
mentation in some cases. In contrast, the Mendelian
randomization (MR) approach, which uses genetic var-
iants as instrumental variables, offers a powerful tool for
identifying causal relationships between exposure and
outcome, because genetic variants are theoretically
randomly distributed in the population and are unlikely
to be affected by any confounding factors.

The prevalence of hyperuricemia is steadily growing
in China, possibly attributable to lifestyle changes such
as increased red meat intake and physical inactivity,.”
Given the high prevalence of hyperuricemia in the
Asia-Pacific region and the threat of VIE on human
health, it is of great importance to investigate the po-
tential impact of this condition on VTE among East
Asian populations. Therefore, this study aimed to
quantify the relationship of SUA with VTE in two
nationwide cohorts of East Asian individuals and use
MR to estimate the causal effect between SUA and VTE
(Fig. 1). The findings of this study might contribute to
the prevention of VTE and its recurrence in East Asian
populations.

Methods

Study data and population-based cohorts

We conducted a cohort study on Chinese individuals
from two nationwide population-based cohorts to inves-
tigate the relationship between SUA and VTE risk. VTE
patient data were collected from the China pUlmonary
thromboembolism Registry Study (CURES), an ongoing
multicenter registry of patients with PTE between 2009
and 2015." The diagnosis of PTE was confirmed by he-
lical computed tomographic pulmonary angiography
(CTPA), ventilation-perfusion lung scintigraphy (V/Q
scan) or pulmonary angiography. DVT was diagnosed by
compression ultrasonography (CUS) or computed
tomographic venography. In contrast, the data on control
individuals were collected from the 2015 China Health
and Retirement Longitudinal Survey (CHARLS), a na-
tional survey of Chinese adults over 45 years old."”

Propensity score matching and cubic-spline model
analysis

To create a control group and minimize the effects of
potential confounding factors, we employed a pro-
pensity score-matching strategy. Specifically, we
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compared the characteristics of the CURES participants
to those of a subset of respondents from the CHARLS
study who were similar to the CURES participants in all
relevant background characteristics except for the pres-
ence of VTE. We estimated individual propensity scores
by using a logistic regression model that incorporated
nine potential confounding factors as covariates,
including demographic characteristics (sex, age, BMI,
systolic blood pressure, diastolic blood pressure, and
diabetes) and serum biochemical parameters (tri-
glycerides, total cholesterol, and creatinine). To compare
SUA levels between VTE patients and the general pop-
ulation, we performed 1:1 propensity score matching
(PSM) to balance the effects of potential confounding
factors.

We used a cubic-spline model to measure the asso-
ciation between SUA and the risk of VTE recurrence,
adjusting for multiple covariates including sex, age,
BMI, systolic blood pressure, diastolic blood pressure,
diabetes, triglycerides, total cholesterol, and creatinine.
By using this approach, we were able to estimate the
independent effect of SUA more accurately on the risk
of VTE recurrence while controlling for potential con-
founding factors.

All P-values were two-tailed, and the significance
level was set at P-value < 0.05. All statistical analyses
were performed using R software (version 4.2.2), and
the cubic-spline models were generated using the R
package “Hmisc” and “rms”.

GWAS summary for SUA and VTE

The summary statistics for SUA were obtained from a
GWAS study of the Biobank Japan Project (BBJ), which
included 109,029 East Asian participants aged between
18 and 85 years old (BBJ_UA)."® Subjects receiving
urate-lowering therapy and those with renal insuffi-
ciency were excluded. To validate our results, we utilized
another large-scale SUA summary statistics dataset with
121,745 Japanese subjects (META_UA).” We further
obtained the VTE summary statistics from a GWAS
study of a Chinese descent population,'® consisting of
1,268 cases and 17,663 controls to minimize potential
bias from population stratification.

Instrumental variable selection and functional
analysis

To identify valid and strong instrumental variables (IVs)
in MR analysis, we adopted a series of steps for IV se-
lection. First, we selected single nucleotide poly-
morphisms (SNPs) that were genome-wide significant
(P <5 x 1078 for the exposure. Next, we performed the
clumping process (R* < 0.2, window size = 500 kb) with
1000 genomes of East Asian sample data as a reference
to ensure the independence of IVs. We discarded ge-
netic variants with ambiguous strand in the harmo-
nizing process; we excluded SNPs that were not present
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Fig. 1: Study workflow chart. Association and causal effect of uric acid and venous thromboembolism.

in the outcome summary statistics. We then mapped
each identified IV to corresponding genes using
SNPnexus' and selected protein-coding genes for Gene
Ontology (GO) annotations to explore the biological
functions of the IVs. To test for “weak instruments”, we
calculated the individual and overall F statistics for two
sets of instrumental variables obtained from BBJ_UA
and META_UA. An F statistic exceeding the suggested
threshold of 10 is considered a non-weak instrument.

Two-sample Mendelian randomization
We performed a univariable two-sample MR analysis to
estimate the causal relationship between SUA exposure
and VTE outcome, using summary statistics from large-
scale GWAS studies. The inverse variance weighted
(IVW)* method was used for the main MR estimate,
while additional multiple sensitivity analyses such as
maximum likelihood,”” MR-RAPS,*> and MR-PRESSO*
approaches, were used as complementary analyses to
examine the robustness of the results.

We conducted bi-directional MR analysis to detect
reverse causal effect occurrence when the outcome has

an effect on the exposure in addition to the exposure
affecting the outcome. We also conducted leave-one-out
analyses to evaluate the potential impact of excluding
any IVs on the MR estimates. Additionally, we per-
formed a power analysis to estimate the statistical power
of our MR study.

Multivariable MR, a supporting analysis for uni-
variable MR, was used to select SNPs significantly
correlated with at least one exposure and present in all
summary statistics. In this study, we used summary-
level data from BB] and VTE summary statistics to
investigate the potential confounding effect on the as-
sociation between SUA and VTE. After removing SNPs
with pairwise r* > 0.2 within 500 kb windows, 596 SNPs
were included in the analysis. Two common methods
for multivariable MR, the residual regression method
proposed by Burgess* and the multivariable IVW with
weighting for the inverse variance of the outcome,”
were used. In the analysis, a P-walue < 0.05 was
considered evidence of a causal effect of SUA on VTE.
The R package “TwosampleMR” was utilized to conduct
MR analysis with R software version 4.2.2.
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Heritability, genetic correlation and pleiotropy
We estimated the heritability of SUA and VTE, as well as
the genetic correlation between them, using the linkage
disequilibrium score regression (LDSC) method.” The
LD Score was computed using East Asian data from the
1000 Genomes Project as the reference panel. We
further utilized MR-Egger,” MR-RAPS,” and MR-
PRESSO* methods to detect pleiotropy and outlier
SNPs. These complementary analyses ensured that the
causal estimates were robust to heterogeneity and that
the “no pleiotropy” assumption was not violated. P-
values < 0.05 were considered as genetically correlated
between SUA and VTE. All analyses were conducted
using R software.

Role of the funding source

The funding source had no role in study design, data
collection and analysis, decision to publish, or prepara-
tion of the manuscript.

Results

Baseline characteristics of participants in the
cohort study

This study included 3,754 patients with VIE from
CURES and 10,477 controls from CHARLS. The base-
line characteristics were compared between the VTE and
control groups (Table 1). Overall, significant differences
were observed between the groups with respect to de-
mographic characteristics and serum biochemical pa-
rameters. Specifically, the VTE patients were found to be
older than the general controls (63.7 years vs. 61.48, P-
value < 0.001), have a higher BMI (24.41 vs. 23.85, P-
value < 0.001) and a smaller proportion of female par-
ticipants (49.1% vs. 53.5%, P-value < 0.001). Addition-
ally, the VTE patients exhibited higher levels of
creatinine (74.02 vs. 71.61, P-value < 0.001) but lower

levels of lipid parameters when compared to the con-
trols (P-value < 0.001).

Serum uric acid levels of VTE patients and controls
Compared to the general control group, VIE patients
displayed significantly elevated SUA levels (325.03 vs.
294.42 mmol/L, P-value < 0.001). After performing PSM,
2,751 VTE patients were matched to 2,751 general con-
trols. The distributions of propensity scores illustrated a
successful matching between groups (Supplementary
Fig. S1). The characteristics of both groups were well-
balanced, as demonstrated in Table 1. Notably, the SUA
levels in the VTE patient group remained substantially
higher than those in the control group (317.95 vs.
295.75 mmol/L, P-value < 0.001) after the PSM
procedure.

Association between serum uric acid levels and the
risk of VTE recurrence

A total of 3,754 VTE patients from the CURES were
included in the cubic-spline model. A hypothetical pa-
tient with SUA of 325 mmol/L was considered as the
reference (OR = 1), and the relative odds ratio (OR) was
calculated for each patient with a specific SUA level.
Based on these results, we estimated the non-linear
relationship between SUA levels and the risk of VTE
recurrence (Fig. 2). The analysis demonstrated a gradual
increase in the risk of VTE recurrence with increasing
SUA levels (P-value = 0.0001).

Selection of instrumental variables and functional
analysis

Following the IV selection procedures, we identified 217
independent SNPs as instruments for the BBJ_UA
dataset and 234 independent SNPs for the META_UA
dataset, which exhibited significant associations with
SUA levels. These selected SNPs were subsequently

Overall Propensity-score matched
CURES CHARLS P-value CURES CHARLS P-value
No. 3,754 10,477 2,751 2,751
Female (%) 1,843 (49.1) 5,601 (53.5) <0.001%** 1,404 (51) 1,432 (52.1) 0.447
Age 63.69 + 14.63 61.48 + 9.40 <0.001*** 61.77 + 14.31 62.37 + 9.68 0.787
BMI (kg/mz) 24.41 £ 3.78 23.85 + 3.68 <0.001*** 2413 + 3.57 24.24 + 3.89 0.657
Diabetes (%) 473 (12.6) 1,082 (10.3) <0.001%** 311 (11.3) 329 (12) 0.481
Blood pressure (mmHg)
Systolic 128.12 + 19.53 128.86 + 20.11 0.055 128.58 + 19.50 129.26 + 19.71 0.407
Diastolic 78.03 = 12.55 75.68 £ 11.75 <0.001*** 76.92 + 11.91 76.55 + 11.64 0.119
Triglycerides (mmol/L) 1.49 + 0.86 1.61 £ 1.02 <0.001*** 1.55 + 0.88 1.55 + 0.96 0.096
Total Cholesterol (mmol/L) 4.48 +1.21 4.77 + 0.94 <0.001*** 4.64 + 1.09 4.63 = 0.92 0.710
Creatinine (mmol/L) 74.02 + 31.95 71.61 + 26.60 <0.001*** 7170 + 28.60 72.34 + 30.77 0.216
Uric Acid (mmol/L) 325.03 + 120.68 294.40 + 84.00 <0.001*** 317.95 + 115.22 295.75 + 84.93 <0.001***
CURES, China Pulmonary Thromboembolism Registry Study; CHARLS, China Health and Retirement Longitudinal Survey; BMI, Body Mass Index. As the result of significance
test, *means P-value < 0.05; **means P-value < 0.01; ***means P-value < 0.001.
Table 1: Characteristics of participants in the cohort study before and after propensity score matching.
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Fig. 2: Association between serum uric acid levels and venous
thromboembolism recurrence risk. The solid black line is the esti-
mated odds ratio, and the shaded blue area is the 95% confidence
interval.

employed in MR analyses to estimate the causal effect of
exposure on the outcome. We evaluated the strength of
the IVs by calculating the F statistics and overall F sta-
tistics for BB]_UA and META_UA, which were found to
be 121 and 125, respectively. These results suggested
that the instruments used in our study are not consid-
ered “weak instruments”. Detailed information
regarding the IVs screened in our MR analysis can be
found in Supplementary Tables S2-S5. Notably, there
was substantial overlap in the selected SNPs between
the two datasets (Supplementary Fig. S2). To elucidate
the functional roles of these SNPs, we conducted func-
tional annotation and enrichment analyses. Specifically,
we mapped the identified SNPs to 46 protein-coding
genes and found that these genes were predominantly
enriched in the biological processes of urate metabolism
and urate transport, as determined by gene ontology
(GO)  biological process enrichment analysis
(Supplementary Fig. S2).

Univariable two-sample Mendelian randomization

The MR estimates from various methods to assess the
causal effect of SUA on VTE were presented in Fig. 3
and Supplementary Table S1. The IVW method yiel-
ded a positive causal effect of SUA on VTE in both the
BBJ_UA dataset (p = 0.17 [0.05-0.29], P-value = 0.0079)
and the META_UA dataset (B = 0.14 [0.01-0.27], P-
value = 0.025). These findings were consistent with
those obtained from maximum likelihood, MR-RAPS,
and MR-PRESSO analyses (Fig. 3). The consistency of
the results across the two datasets suggests that the
findings are robust. It is worth noting that the MR-Egger
method includes an estimate of the intercept, which

may have lower statistical power to detect a causal effect
compared to other methods. However, the MR-Egger
method is particularly useful for detecting the pres-
ence of pleiotropy. The estimated effect and standard
error of the instrumental variables on both SUA and
VTE are presented in scatter plots in Supplementary
Fig. S3, while the causal effects of each instrumental
variable on VTE are displayed in forest plots in
Supplementary Figs. S4 and S5. Leave-one-out analyses
indicated that the results were stable and not driven by
any single SNP (Supplementary Figs. S6 and S7). The
MR analysis conducted in the reverse direction did not
provide any reliable evidence to suggest that VTE may
be the cause of elevated SUA levels (Supplementary
Table S6). Moreover, we performed a power analysis
to estimate the statistical power of our MR study
and found that the statistical power for BB]_UA and
META_UA were 0.925 and 0.804, respectively. These
values suggest that our study has a high probability of
detecting a true causal effect if one exists, and further
supports the validity and reliability of our findings.

Multivariable two-sample Mendelian randomization
We also conducted a multivariable MR analysis,
considering nine covariates (LDL, HDL, TG, TC, DM,
DBP, SBP, CK, BMI) as covariates (Fig. 3 and
Supplementary Table S7). The results provided further
suggestive evidence supporting the notion that higher
SUA levels increase the risk of VTE. Specifically, both
the residual method (BBJ_UA dataset: p = 0.21
[0.09-0.33], P-value = 0.0006; META_UA dataset:
B =0.20 [0.08-0.32], P-value = 0.0012) and the multiple
variates IVW method (BBJ_UA dataset: p = 0.18
[0.05-0.31], P-value = 0.0068; META_UA dataset:
B =0.15 [0.02-0.28], P-value = 0.02) yielded statistically
significant evidence supporting a positive causal effect
of SUA on VTE. Furthermore, the direction of the
causal effect was consistent and positive, as observed in
all other methods employed in the study.

Heritability, genetic correlation and pleiotropy

The LDSC results (Table 2) revealed moderate total
heritability estimates for both SUA (h® = 0.14,
SE = 0.044) and VTE (h* = 0.13, SE = 0.028). Addi-
tionally, the genetic correlation analysis indicated no
significant genetic correlation (P-value = 0.862) between
SUA and VTE, suggesting that the fraction of SNPs with
an effect on both traits is small. This further implied
that the IVs used in the MR analysis were less likely to
have a direct effect on the outcome. The results of MR-
Egger, MR-RAPS, and MR-PRESSO methods all sug-
gested no potential horizontal pleiotropy, which indi-
cated that our results were not biased (Table 3).
Moreover, the funnel plot exhibited a symmetric distri-
bution of the point estimate of the causal association
effect when using a single SNP as an instrument
(Supplementary Fig. S8). This finding further indicated
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Fig. 3: Two-sample Mendelian randomization reveals causal evidence for SUA on VTE. The forest plots illustrate the standardized beta (95%

Confidence Interval) for each two-sample MR method.

SUA, Serum uric acid; VTE, Venous thromboembolism; SE, Standard Error.

Traits Heritability Genetic Correlation

h? (SE) intercept P-value ratio of stratification Correlation (SE) P-value
SUA 0.1397 (0.044) 0.000233 8.64% 0.0136 (0.0782) 0.862
VTE 0.1265 (0.028) (intercept = 0.9938 < 1) <0

Table 2: Heritability and genetic correlation of SUA and VTE.

UA, Uric acid; SE, Standard Error.

DataSet Egger-intercept Egger-SE Egger P-value MR-PRESSO Global Test
BBJ_UA 0.0049 0.0064 0.44 0.466
META_UA 0.0053 0.0060 038 0.326

Table 3: Egger regression and MR-PRESSO detect no horizontal pleiotropy.

that the underlying bias was unlikely to influence the
causal association.

Discussion

This study demonstrated that SUA is an independent
predictor of VTE in the East Asian population. Our
cohort analyses using two nationwide population-based
cohorts showed a significant increase in the risk of VTE
incidence and recurrence at higher SUA levels. Further
MR analyses suggested that the relationships of SUA
with VTE were likely to be causal. The MR findings
were robust in the repeated analysis using different
methods and sensitivity analysis, and two different
datasets supported the consistent result. The finding of
large F statistics for both sets of IVs provides evidence

www.thelancet.com Vol 39 October, 2023

against the presence of weak instrument bias in our
study. The weak and nonsignificant genetic correlation
between SUA and VTE obtained by LDSC indicated no
direct effect of the genetic instruments on the outcome
(VTE). Furthermore, the absence of pleiotropy was
suggested by MR-Egger, MR-RAPS, and MR-PRESSO,
indicating that the MR results were not biased. The
overall statistical power of our MR study is high
enough to obtain a true causal effect if one exists.
Finally, we conducted multivariable MR and obtained
consistent findings after controlling for additional
common traits. To the best of our knowledge, this is
the first study combining evidence from large-scale
cohort studies and MR studies to provide more
robust causal inferences between SUA and VTE in the
East Asian population.
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Existing evidence has suggested a positive associa-
tion between SUA and both the incidence and recur-
rence of VTE, indicating that elevated SUA may serve
as a potential risk factor for VTE.”""'? However, most
cohort studies on SUA and VTE have focused on Eu-
ropean and American populations, with few studies
conducted on East Asian populations. Furthermore,
classical cohort studies may fail to estimate causality
due to numerous known and unknown confounders.
Mendelian randomization, as a technique for exploring
causal association, can effectively overcome some
limitations of observational studies. Based on the evi-
dence from both nationwide population-based cohorts
and MR analyses, we confirmed that SUA is causally
associated with a higher risk of VTE in the East Asian
population, which is consistent with previous obser-
vational studies.

The underlying mechanism of the identified causal
effect remains poorly understood. Although SUA is
primarily a metabolic waste deriving from the elimi-
nation of purine, it is known to have physiological
functions that are not yet fully understood. The activa-
tion of the inflammatory pathway induced by elevated
SUA is a potential mechanism underlying the causal
effect. For example, a cross-sectional population-based
study found a strong positive association of SUA with
C-reactive protein, TNF-a, and IL-6 in plasma.” Addi-
tional studies have reported similar findings of elevated
SUA associated with inflammatory cytokines.”>*
In vitro and in vivo studies support the hypothesis
that SUA contributes to systemic sterile inflammation.*
The intimate interplay between inflammation and
coagulation activation has a key role in the development
of VTE. It has been previously demonstrated that in-
flammatory mediators can upregulate the expression of
tissue factors on the surface of circulating monocytes
and neutrophils to induce activation of coagulation.’>*
Hongyin Yu et al.** demonstrated hyperuricemia can
induce phosphatidylserine exposure and microparticle
release, leading to a thrombotic role of endothelial cells
mediated through TMEM16F. Furthermore, increased
uric acid levels have been shown to upregulate the
expression of lethal-7c (let-7c), which has been linked to
platelet dysfunction. In an animal model of hyperuri-
cemia, elevated SUA levels were found to activate
MEF2C-dependent and NF-xB pathways via let-7c,
resulting in thrombosis.*

The elucidation of the relationship between hyper-
uricemia and pulmonary embolism has significant im-
plications for clinical practice. Such understanding can
aid in the development of more effective prevention and
treatment strategies to reduce the risk of pulmonary
embolism in affected patients. If a clear correlation is
established between hyperuricemia and pulmonary
embolism, controlling uric acid levels may become an
important measure for preventing the occurrence of
pulmonary embolism. Additionally, assessing the risk of

pulmonary embolism in patients with hyperuricemia
can assist healthcare professionals in identifying high-
risk individuals at an early stage and implementing
appropriate interventions to reduce the incidence of
pulmonary embolism and related complications.

There are some limitations in the present study.
Firstly, potential confounders related to VTE, such as
smoking history and alcohol consumption, were not
available for all patients and were not included in the
cohort analysis. It is also possible that some degree of
heterogeneity in our results may have been attributed to
differences in the methods of sample collection and
quality control employed across the cohorts. Secondly,
although the causal effect of SUA on VTE was demon-
strated, the pathophysiological mechanism is still un-
clear. Further research, such as RCTs, is warranted to
investigate whether the management of SUA levels
through lifestyle modifications or pharmacological in-
terventions could potentially lower the risk of VTE.
Thirdly, MR analysis assumes that the effect of a genetic
variant on an outcome is solely through exposure.
However, there is a potential for other unmeasured
factors to influence this relationship, which might result
in horizontal pleiotropic associations that could be
difficult to quantify and address. Lastly, despite our ef-
forts to address the issue of weak instruments through
various statistical tests, it is important to acknowledge
that this issue may still persist to some extent. As such,
caution should be exercised when interpreting the re-
sults of our study, and further research is needed to
confirm our findings and address potential sources of
bias.

Our study exhibits notable strengths, as the largest
study in East Asia to investigate the association between
SUA on VTE risk, the results were derived from
nationwide population-based cohort studies and MR
analyses. We utilized two large genetic datasets of the
SUA to establish robust causal effects, which provided
sufficient power to attain a causal inference. Compared
to the previous MR analysis in SUA and VTE,* our
study is unique and specific as it was restricted to in-
dividuals of East Asian descent, reducing the potential
bias from population stratification. The use of exposure
and outcome data from different populations and dif-
ferences in the instrumental variables may have
contributed to the lack of significant causal effect
observed in the previous MR study. These factors
highlight the importance of conducting population-
specific MR studies and using appropriate instru-
mental variables to ensure accurate and reliable results.
We employed several methods to detect possible plei-
otropy and exclude reverse causal effects, thus mini-
mizing the likelihood of false positives due to pleiotropy.
The direction of association is deterministic, and the
potential influence of other common confounding var-
iables has been effectively ruled out by multivariable MR
analysis.
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Conclusions

Our study has provided compelling evidence that
elevated SUA levels independently increased the risk
of VTE in East Asian populations, suggesting that
SUA could be a causal risk factor for VTE. These
findings have important clinical implications, indi-
cating that SUA management may be an effective
strategy for VTE prevention. Given the increasing
prevalence of hyperuricemia in the Asia Pacific re-
gion, our study highlights the urgent need for public
health initiatives to address this issue on a regional
and global scale.
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