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Background/Aims: Hyperuricemia has been widely associated with cardiovascular health, but its relationship with incident 
valvular heart disease (VHD) remains uncertain. This study investigated the association between hyperuricemia and VHD, and 
further explored the role of weight management within this context. 
Methods: Participants from the UK Biobank cohort were categorized into three groups based on serum uric acid (SUA) lev-
el: normal (< 6.0 mg/dL), high (6.0–8.9 mg/dL), and very high (≥ 9.0 mg/dL). The risk of VHD associated with SUA level was 
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INTRODUCTION

Valvular heart disease (VHD) is a prevalent condition that 
significantly impacts global morbidity and mortality rates. In 
the general population, VHD is estimated to affect approxi-
mately 2.5% of people, but in individuals aged 75 years and 
older, this prevalence surges to between 10-15% [1]. Nota-
bly, findings from the OxVALVE study reveal that heart valve 
abnormalities, detected through transthoracic echocardiog-
raphy, are present in as much as 50% of the population 
aged 65 and older, even when VHD had not been previously 
diagnosed [2]. As the elderly population continues to grow, 
the burden of VHD on global cardiovascular health is steadi-
ly on the rise. 

Despite its substantial health implications, VHD often 
evades diagnosis due to inadequate screening efforts [3]. 
This is particularly concerning as symptomatic VHD indi-
cates substantial disease progression. Therefore, identifying 
high-risk population for VHD is crucial to facilitate active 
screening and early detection of asymptomatic cases. While 
the etiology of VHD is multifactorial, the increasing global 
burden is primarily attributed to calcific aortic valve disease 
and degenerative mitral valve disease [4,5]. Calcific aortic 
valve disease is associated with metabolic components such 
as hypertension, diabetes, dyslipidemia, and obesity [6,7], 
whereas the prevalence of degenerative mitral valve disease 
is independent of cardiovascular risk factors [5,8]. 

Given the documented association between cardiovas-
cular diseases and serum uric acid (SUA) [9,10], there has 
been growing interest in understanding the broader health 

implications of elevated SUA. Emerging evidence suggests 
that SUA may play a comprehensive role in cardiovascular 
pathophysiology beyond conventional metabolic risk fac-
tors. Various mechanisms, including oxidative stress, en-
dothelial dysfunction, inflammation, and activation of the 
renin-angiotensin-aldosterone system, have been proposed 
to explain the link between hyperuricemia and cardiovascu-
lar disease [11]. Building on these insights, further research 
has been conducted to explore the clinical implications of 
hyperuricemia on cardiovascular health beyond atheroscle-
rotic cardiovascular diseases. SUA has been independently 
associated with calcific aortic stenosis in Chinese retrospec-
tive cross-sectional studies [12,13]. In other observational 
studies, SUA also predicts heart failure, a clinical outcome 
of VHD, and the prognosis of surgical management of VHD 
[14-16]. However, evidence for the clinical impact of SUA on 
incident VHD, especially mitral valve disease, is still lacking.

Here, we unveil the potential relationship between SUA 
level and incident VHD by leveraging the extensive data 
from the UK Biobank cohort. In this comprehensive study 
involving a large population of middle-aged and older 
adults, we examined baseline SUA levels and meticulously 
tracked VHD occurrence over an extended follow-up period. 
Given the potential interconnectedness of hyperuricemia, 
metabolic disorders, and VHD, we assessed the risk of VHD 
stratified by metabolic profile across different SUA levels. 
Furthermore, we investigated the influence of obesity, a 
modifiable metabolic component, aiming to elucidate the 
role of weight management in the prevention of VHD with 
respect to SUA level.

assessed in the overall population and across subgroups with differing metabolic profiles. To examine the impact of obesity 
on VHD development, the relative risk of VHD was analyzed based on body mass index and waist circumference.
Results: Among 462,705 participants, 340,793 (73.7%) had normal SUA levels, 118,861 (25.7%) had high levels, and 3,051 
(0.7%) had very high levels. Over an average follow-up period of 12.3 years, the adjusted risk of VHD was significantly high-
er in individuals with very high SUA, followed by those with high and normal SUA (2.31 vs. 1.25 vs. reference, respectively). 
Stratifying VHD risk by metabolic disorders revealed a dose-response relationship between SUA level and VHD risk. The 
impact of obesity on VHD development was notable among individuals with SUA below 9.0 mg/dL, but less pronounced in 
those with SUA exceeding 9.0 mg/dL. 
Conclusions: This finding suggests a significant association between hyperuricemia and VHD, highlighting the potential rel-
evance of elevated SUA levels in VHD risk stratification.
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METHODS

Study population
The current study population was obtained from the UK 
Biobank dataset, consisting of 502,409 participants aged 
40 to 69, recruited from across the UK between 2006 and 
2010. All participants provided written informed consent 
at the time of recruitment. During the initial assessment, 
participants completed questionnaires regarding sociode-
mographic characteristics and health behaviors. They also 
underwent interviews conducted by trained healthcare pro-
fessionals to gather health-related information and provided 
biological samples. In this study, a total 39,704 participants 
were excluded due to missing SUA level measurements (n = 
33,001), having a history of VHD (n = 6,636) prior to recruit-
ment, or being diagnosed with congenital heart disease (n = 
67). The participant selection process is illustrated in Supple-
mentary Figure 1. The UK Biobank received ethical approval 
from the Northwest Multicenter Research Ethics Committee 
(reference No. 16/NW/0274). The present research using 
the UK Biobank Resource was approved under Application 
Number 67855.

Variable measurement
Information on demographics, lifestyle habits, and medi-
cal history was collected at enrollment in the UK Biobank 
through self-administered touchscreen questionnaires and 
personal interviews. During the interviews, trained staff used 
standardized procedures to measure participants’ height, 
weight, and waist circumference. Body mass index (BMI, 
kg/m2) was calculated by dividing weight (kg) by the square 
of height (m2). Obesity and abdominal obesity statuses were 
determined based on the World Health Organization (WHO) 
classification and the International Diabetes Federation (IDF) 
consensus report. To minimize errors arising from racial dif-
ferences, race-specific criteria were applied [17,18]. Smok-
ing status was categorized as non-smoker, former smoker, 
and current smoker. Physical activity was divided into two 
groups: those reporting engaging in moderate activity for 
at least five days a week (classified as active) and those not 
meeting this criterion (considered inactive). Dietary patterns 
were defined based on recommended guidelines for cardio-
vascular health. If participants failed to meet more than half 
of the recommended items on the food frequency question-
naire, their diet pattern was considered unfavorable [19]. 
Alcohol consumption was categorized by the frequency of 

alcohol intake: never or special occasions only, 1–2 times 
per week, 3–4 times per week, and daily or almost daily. 
More detailed information on the biological sampling pro-
cedures can be found in related publications [20]. The com-
ponents of metabolic syndrome were determined in accor-
dance with the criteria specified in the IDF consensus report 
[17]. Baseline metabolic and cardiovascular diseases were 
defined through three sources: 1) self-reported information 
obtained during in-person interviews or via touchscreen 
questionnaires during enrollment, 2) diagnostic or proce-
dure codes found in the electronic health records database 
linked to hospital admission records, and 3) the initial occur-
rence of the comorbidity in the health outcomes database, 
which is interconnected with hospital in-patient records and 
primary care records.

The primary exposure variable was SUA level. SUA was 
measured using the Uricase PAP analysis conducted on a 
Beckman Coulter AU5800 instrument (Beckman Coulter, 
Brea, CA, USA). It was noted that later measurements of 
SUA collected in 2012–2013 were strongly correlated with 
the baseline level [21]. SUA level was categorized into clin-
ically interpretable groups defined as normal (6.0 mg/dL), 
high (6.0–8.9 mg/dL), and very high (≥ 9.0 mg/dL). Although 
universally accepted SUA thresholds for cardiovascular out-
comes in the general population have not been established, 
these categories were informed by widely recognized gout 
research. The threshold of 6.0 mg/dL reflects the established 
therapeutic target in gout management, while ≥ 9.0 mg/dL 
corresponds to levels associated with a markedly increased 
risk of gout onset and recurrence in large cohort studies 
[22,23].

Ascertainment of VHD outcomes
We confirmed the prevalence of VHD at enrollment using 
diagnostic International Classification of Diseases (ICD)-9 
or 10 codes and self-report information. Cases of incident 
VHD during the follow-up period were ascertained based on 
first occurrence of disease and on hospitalization records. 
Congenital heart diseases were also identified through the 
database of first occurrences, which was likewise encoded 
using ICD-10 diagnostic codes. The classification of VHD 
outcomes based on ICD codes was informed by previously 
published UK Biobank research [24]. Detailed information, 
including the definitions of mitral and aortic VHD and aortic 
stenosis, is provided in Supplementary Table 1.
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Statistical analysis
To investigate differences in baseline characteristics between 
groups, we conducted t-tests and chi-squared tests. Contin-
uous variables were reported as mean ± standard deviation, 
while categorical variables were presented as percentages. 
The primary exposure variable, SUA level, was analyzed both 
as a continuous and categorical variable. Multivariable-ad-
justed Cox proportional hazard regression models were  
constructed to assess the association of SUA level with the 
risk of future VHD occurrence. Multicollinearity among co-
variates included in the multivariable models was assessed 
using generalized variance inflation factors (GVIFs) (Supple-
mentary Table 2). To examine changes in VHD risk associat-
ed with changes in SUA level, restricted spline curves were 
adjusted for age, sex, and race, evaluated using the rms R 
package. The Cox proportional hazard regression models 
were adjusted for potential confounding factors related to 
overall lifestyle, metabolic indicators, and medications. Indi-
viduals with missing data were excluded from each model 
(Supplementary Table 3). To further assess the robustness of 
the findings, the multivariable Cox regression models were 
subsequently reconstructed after excluding participants 
using diuretics or urate-lowering therapy at baseline. Sub-
group analyses were performed based on age, gender, race, 
obesity, metabolic disorders, and the presence of cardiovas-
cular diseases. To assess the synergistic effect of obesity and 
abdominal obesity with increased SUA, we conducted a 
joint effect analysis. Additionally, to examine the impact of 
obesity on the risk of VHD based on SUA levels, we strati-
fied VHD risk by obesity and abdominal obesity within SUA 
level categories. Statistical analyses were performed using 
R (version 3.9.0). The significance level was set at p <0.05, 
and values below this threshold were considered statistically 
significant.

RESULTS

Participant categorization by SUA level 
After exclusion of individuals with missing SUA levels, base-
line VHD, and congenital heart disease, a total of 462,705 
participants were included in the analysis. Of those, 340,793 
(73.7%) had SUA levels below 6.0 mg/dL, 118,861 (25.7%) 
had levels ranging from 6.0 to 8.9 mg/dL, and 3,051 (0.7%) 
had levels of 9.0 mg/dL or higher. The mean age of partic-
ipants was 56.0 years, with females accounting for 54.2% 

of the study population. The baseline characteristics of the 
participants categorized by SUA level are presented in Table 1. 
Patients with higher SUA level exhibited older age, a higher 
proportion of males, and a higher prevalence of obesity. Hy-
peruricemia was also associated with elevated systolic blood 
pressure, reduced estimated glomerular filtration rate, and 
increased HbA1c. Accordingly, the prevalence of metabolic 
diseases such as hypertension, dyslipidemia, and type 2 di-
abetes demonstrated an upward trend with increasing SUA 
level. 

Association between SUA level and VHD risk 
Among the 462,705 participants without a baseline diag-
nosis of VHD, a total of 14,573 subjects (3.1%) developed 
VHD during a mean follow-up period of 12.3 years. The in-
cidence of all VHD demonstrated a significant correlation 
with SUA level. Using SUA < 6.0 mg/dL as reference group, 
we observed a proportional rise in the hazard ratio of VHD 
with each 1.0 mg/dL increase in SUA level (Fig. 1A, Table 2, 
Supplementary Table 4). In the sensitivity analysis exclud-
ing participants using diuretics or urate-lowering therapy  
(n = 9,487), the association between SUA level and incident 
VHD remained consistent, demonstrating similar effect sizes 
and statistical significance across all models (Supplementary 
Table 5).

When we categorized participants into groups with nor-
mal (< 6.0 mg/dL), high (6.0–8.9 mg/dL), and very high SUA 
(≥ 9.0 mg/dL), we observed a stepwise increase in VHD risk 
that corresponded to the SUA categories. The association 
between SUA level and VHD risk remained consistent after 
adjusting for demographic characteristics, lifestyle behav-
iors, metabolic parameters, and treatment for metabolic 
diseases.

The risk of VHD was assessed separately by VHD subtype. 
Mitral and aortic VHD, as well as aortic stenosis, showed 
associations with SUA level. Following adjustment for po-
tential confounding factors, the hazard ratio for mitral VHD 
exhibited the most notable statistical significance.

In the restricted cubic spline analysis adjusted for age, sex, 
and race, the lowest estimated risk of incident VHD was ob-
served at SUA levels around 4.0–4.9 mg/dL (Supplementary 
Fig. 2). Based on this observation, we performed an addi-
tional multivariable-adjusted analysis using SUA 4.0-4.9 mg/
dL as the reference group. In this analysis, both the lower 
SUA group (< 3.0 mg/dL) and those with higher SUA levels 
demonstrated elevated VHD risk (Supplementary Table 6).
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Table 1. Patient characteristics based on SUA levels

Variable
Total 

(n = 462,705)

SUA (mg/dL)
p value< 6.0 

(n = 340,793)
6.0–8.9 

(n = 118,861)
≥ 9.0 

(n = 3,051)
Age (yr) 56.0 ± 8.1 55.7 ± 8.1 56.8 ± 8.0 57.5 ± 8.0 < 0.001
Sex < 0.001

Female 250,953 (54.2) 226,023 (66.3) 24,473 (20.6) 457 (15.0)
Male 211,752 (45.8) 114,770 (33.7) 94,388 (79.4) 2,594 (85.0)

Body mass index (kg/m2) 27.4 ± 4.8 26.7 ± 4.5 29.5 ± 4.8 31.7 ± 5.6 < 0.001
Obesity 112,153 (24.3) 64,940 (19.1) 45,503 (38.4) 1,710 (56.6) < 0.001
Waist circumference (cm) 90.3 ± 13.5 87.1 ± 12.5 99.0 ± 11.7 105.4 ± 13.1 < 0.001
Body fat percentage (%) 31.4 ± 8.5 31.9 ± 8.6 29.9 ± 8.2 31.7 ± 7.5 < 0.001
Whole body fat mass (kg) 24.9 ± 9.6 24.1 ± 9.2 26.7 ± 10.1 30.5 ± 11.2 < 0.001
Current smoking 48,658 (10.5) 36,163 (10.6) 12,185 (10.3) 310 (10.2) 0.002
Alcohol frequency < 0.001

Never or special occasions only 90,002 (19.5) 71,736 (21.1) 17,784 (15.0) 482 (15.8)
1–2 per week 170,734 (37.0) 129,985 (38.2) 39,844 (33.6) 905 (29.7)
3–4 per week 106,824 (23.1) 75,766 (22.3) 30,352 (25.6) 706 (23.2)
5 or more per week 94,123 (20.4) 62,564 (18.4) 30,607 (25.8) 952 (31.3)

Moderate to vigorous physical activity 228,774 (52.7) 169,770 (53.1) 57,688 (51.6) 1,316 (47.0) < 0.001
Unfavorable dietary habits 49,461 (10.8) 36,392 (10.8) 12,754 (10.8) 315 (10.4) 0.724
Systolic blood pressure (mmHg) 139.7 ± 19.7 138.2 ± 19.8 144.1 ± 18.7 144.9 ± 19.8 < 0.001
Diastolic blood pressure (mmHg) 82.3 ± 10.7 81.3 ± 10.6 85.1 ± 10.6 84.8 ± 11.9 < 0.001
Laboratory tests

HbA1c (%) 5.5 ± 0.6 5.4 ± 0.6 5.5 ± 0.6 5.7 ± 0.8 < 0.001
Cystatin C (mg/L) 0.9 ± 0.2 0.9 ± 0.1 1.0 ± 0.2 1.2 ± 0.5 < 0.001
eGFR (mL/min/1.73 m2) 79.6 ± 14.5 81.4 ± 13.9 74.9 ± 14.8 63.4 ± 20.3 < 0.001
Albumin excretion rate (mg/g) 25.8 ± 131.5 21.3 ± 108.2 31.8 ± 147.8 96.0 ± 329.9 < 0.001
Total cholesterol (mg/dL) 220.0 ± 44.2 220.8 ± 43.5 217.8 ± 45.6 213.2 ± 51.7 < 0.001
Triglyceride (mg/dL) 154.7 ± 91.0 140.9 ± 79.8 192.1 ± 106.5 240.5 ± 135.0 < 0.001
HDL-cholesterol (mg/dL) 55.9 ± 14.8 58.2 ± 14.8 49.6 ± 12.4 47.3 ± 13.0 < 0.001
LDL-cholesterol (mg/dL) 137.4 ± 33.6 137.2 ± 33.2 138.1 ± 34.5 132.7 ± 37.3 < 0.001
Apolipoprotein A (g/L) 1.5 ± 0.3 1.6 ± 0.3 1.4 ± 0.2 1.4 ± 0.3 < 0.001
Apolipoprotein B (g/L) 1.0 ± 0.2 1.0 ± 0.2 1.1 ± 0.2 1.1 ± 0.3 < 0.001
Lipoprotein (a) (nmol/L) 44.6 ± 49.2 44.8 ± 49.2 44.0 ± 49.2 44.0 ± 49.4 < 0.001
C reactive protein (mg/L) 2.6 ± 4.3 2.4 ± 4.2 3.1 ± 4.6 4.9 ± 6.8 < 0.001

Comorbidities 
Hypertension 126,895 (27.4) 77,368 (22.7) 47,563 (40.0) 1,964 (64.4) < 0.001
Dyslipidemia 82,811 (17.9) 50,201 (14.7) 31,380 (26.4) 1,230 (40.3) < 0.001
Type 2 diabetes 19,419 (4.5) 12,100 (3.8) 6,983 (6.3) 336 (12.1) < 0.001
Cancer 52,509 (11.5) 40,025 (11.9) 12,120 (10.3) 364 (12.1) < 0.001
Chronic kidney disease 6,290 (1.4) 3,114 (0.9) 2,842 (2.4) 334 (10.9) < 0.001

Medications
Aspirin 63,151 (13.6) 39,086 (11.5) 23,161 (19.5) 904 (29.6) < 0.001
Anti-hypertensive medications 51,479 (11.1) 22,938 (6.7) 27,171 (22.9) 1,370 (44.9) < 0.001
Lipid lowering medications 47,900 (10.4) 23,780 (7.0) 23,141 (19.5) 979 (32.1) < 0.001
Anti-hyperglycemic medications 16,929 (3.7) 11,249 (3.3) 5,359 (4.5) 321 (10.5) < 0.001
Diuretics 4,603 (1.0) 3,501 (0.9) 1,470 (1.2) 82 (2.7) < 0.001
Urate lowering treatment 5,059 (1.1) 3,166 (0.9) 1,802 (1.5) 91 (3.0) < 0.001
   Allopurinol 5,049 (1.1) 3,162 (0.9) 1,797 (1.5) 90 (2.9) < 0.001
   Probenecid 10 (0.0) 4 (0.0) 5 (0.0) 1 (0.0) < 0.001
Colchicine 211 (0.0) 48 (0.0) 123 (0.1) 40 (1.3) < 0.001

Values are presented as mean ± standard deviation or number (%).
SUA, serum uric acid; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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Subgroup analysis of SUA level and VHD risk
To address the potential confounding effects of age, sex, 
obesity, and metabolic profile on the association between 
SUA level and VHD, we performed subgroup analyses as-
sessing VHD risk based on SUA level. These analyses in-
volved stratification by age, sex, obesity status, metabolic 
disorders, and cardiovascular disease (Fig. 1B, Table 3).

In line with our overall findings, subgroups stratified by 
age, sex, and obesity status demonstrated a consistent and 
significant increasing trend in VHD risk with higher SUA lev-
el. Moreover, the association between SUA level and VHD 
risk remained consistent across subgroups defined by the 
presence of hypertension, dyslipidemia, type 2 diabetes, 
metabolic syndrome, and cardiovascular disease. Significant 
interactions between SUA level and clinical profiles were 
found only within subgroups stratified by sex and type 2 
diabetes (p for interaction < 0.001 and 0.02, respectively).

Impact of weight management on VHD
Obesity has been identified as a causal risk factor for the de-
velopment of numerous cardiovascular conditions, includ-
ing aortic stenosis, heart failure, and coronary artery disease 
[25,26]. To access the impact of weight management on in-
cident VHD, we investigated VHD risk based on obesity sta-
tus as determined by BMI and waist circumference, which is 

a critical anthropometric parameter (Fig. 2, Table 4).
In the overall population, both BMI and abdominal obesity 

showed significant correlation with incident VHD. Given the 
documented association between obesity and hyperurice-
mia in previous studies, we analyzed the risk of VHD based 
on obesity status in different SUA categories. Among par-
ticipants with SUA levels below 9.0 mg/dL, we consistently 
observed an upward trend in VHD risk with higher BMI and 
abdominal obesity, which aligns with the findings observed 
in the overall population. However, this trend was not ap-
parent among participants with SUA levels exceeding 9.0 
mg/dL, indicating that VHD risk is not stratified based on 
obesity status in those with very high SUA levels. In formal 
interaction analyses, the association between BMI and inci-
dent VHD differed significantly accordingly to SUA category 
(p for interaction < 0.0001). A similar pattern was observed 
for abdominal obesity (p for interaction = 0.008), suggest-
ing effect modification by SUA level.

DISCUSSION

This study investigated the association between hyperurice-
mia and VHD, and the potential role of weight management 
within this context. We observed a dose-response relation-

Figure 1. Risk of VHD according to SUA level in the UK Biobank cohort. (A) Incidence rate of VHD based on SUA level in the total partic-
ipant cohort. (B) Relative risk of VHD based on SUA level in subgroups with different metabolic profiles. T2DM, type 2 diabetes mellitus; 
HTN, hypertension; DLP, dyslipidemia; MetS, metabolic syndrome; CVD, cardiovascular disease; VHD, valvular heart disease; SUA, serum 
uric acid.
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ship between SUA levels and VHD risk after adjusting for 
potential confounding variables, with relevance noted in 
both mitral and aortic VHD. The association between SUA 
level and incident VHD was consistently observed across 
subgroups with similar metabolic profiles, supporting this 
association to extend beyond traditional metabolic risk fac-
tors. In individuals with SUA levels below 9.0 mg/dL, higher 
BMI and abdominal obesity were associated with a more 
pronounced elevated risk of VHD. However, this correlation 
was not observed in those with very high SUA exceeding 
9.0 mg/dL.

In line with previous studies [12,13], we identified a sig-
nificant correlation between SUA level and aortic stenosis. 
In addition, the risk of mitral VHD increased according to 
SUA level. Despite the acknowledged role of SUA in various 
aspects of cardiovascular health, the association between 
SUA level and incident VHD, especially on the mitral valve, 
remains uncertain. Previous research in the Framingham 
Offspring Cohort suggested a potential link between SUA 
level and incident heart failure, but failed to demonstrate a 
similar correlation with VHD [15]. This discrepancy may arise 
from variations in the definition of VHD and the categoriza-
tion of SUA level. The Framingham Offspring Cohort study 
defined VHD as the presence of cardiac murmur; howev-
er, the sensitivity and specificity of cardiac auscultation for 
diagnosis of VHD are suboptimal [27]. Furthermore, many 
previous investigations that have examined the association 
of SUA level with cardiovascular health have classified SUA 

into quartile or quintile ranges [15,28-30]. Our study ad-
opted a distinct approach by categorizing SUA into normal, 
high, and very high groups using thresholds informed by 
gout research rather than purely data-driven divisions. 

Currently, clinical guidelines for uric acid-lowering therapy 
are yet to be established in individuals without a history of 
gout. Given the broader clinical implications of SUA level 
on cardiovascular mortality, research is ongoing to establish 
relevant cut-off values for cardiovascular health. Notably, a 
comprehensive nationwide Italian cohort study investigating 
the impact of SUA on cardiovascular health identified prog-
nostic cut-off values of 4.7 mg/dL for total mortality and 5.6 
mg/dL for cardiovascular mortality [31]. 

However, the clinical benefit of reducing SUA to its low-
est level remains a matter of controversy, as lower extremes 
of SUA have been linked to adverse outcomes, especially 
within malnourished populations [32-34]. Importantly, our 
spline analysis suggested a potential nonlinear association 
between SUA and incident VHD risk, with the lowest risk 
observed at SUA levels of approximately 4.0–4.9 mg/dL. The 
therapeutic target for patients with gout is to achieve an 
SUA level below 6.0 mg/dL [35], based on both in vitro sat-
uration levels of uric acid associated with crystal deposition 
and clinical studies on uric acid-lowering therapy [36,37]. 
The “treat-to-target” strategy, maintaining SUA level under 
6.0 mg/dL, has demonstrated significant effectiveness in 
preventing recurrent gout attacks [38-40]. Here, we have 
presented evidence demonstrating elevated risk of VHD to 

Figure 2. Impact of obesity on VHD risk in the UK Biobank cohort. The relative risk of VHD according to BMI and abdominal obesity sta-
tus is presented across different SUA levels. SUA levels are categorized as follows: normal (< 6.0 mg/dL), high (6.0–8.9 mg/dL), and very 
high (≥ 9.0 mg/dL). SUA, serum uric acid; VHD, valvular heart disease.
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be associated with SUA levels exceeding the therapeutic tar-
get range. Particularly, in individuals with SUA levels above 
9.0 mg/dL, the absolute risk of VHD was 9.11% during a fol-
low-up duration of 12.3 years. Given the substantial health 
impact of symptomatic VHD, these findings suggest that 
elevated SUA levels may be relevant for identifying individ-
uals at higher risk of VHD, particularly in older populations. 

Future studies are warrant to determine population-specific 
and outcome-specific SUA thresholds relevant to cardiovas-
cular and valvular risk stratification. 

The etiology of VHD encompasses a spectrum of fac-
tors. Calcific aortic valve disease, increasingly prevalent in 
high-income Western countries [4,41], shares metabolic 
components with atherosclerotic cardiovascular disease, in-

Table 4. The impact of obesity on VHD risk based on SUA levels

SUA level (mg/dL) Subgroups
No. of events/

total No.
Absolute 
risk (%)

Crude Model 1 p for 
interactionHR (95% CI) p value HR (95% CI) p value

Total Normal 3,616/159,991 2.26 Ref Ref NA

Overweight 6,417/205,707 3.12 1.35 (1.30–1.41) < 0.001 1.13 (1.09–1.18) < 0.001

Obese class I 3,546/89,034 3.98 1.72 (1.65–1.80) < 0.001 1.46 (1.39–1.53) < 0.001

Obese class II 1,854/35,594 5.21 2.23 (2.11–2.36) < 0.001 2.15 (2.04–2.27) < 0.001

Abdominal 
obesity (-)

8,978/324,786 2.69 Ref Ref NA

Abdominal 
obesity (+)

6,497/150,968 4.13 1.53 (1.48–1.58) < 0.001 1.45 (1.40–1.49) < 0.001

< 6.0 Normal 2,760/133,266 2.07 Ref Ref < 0.0001

Overweight 3,762/137,163 2.74 1.30 (1.24–1.36) < 0.001 1.11 (1.06–1.16) < 0.001

Obese class I 1,696/49,688 3.41 1.61 (1.54–1.71) < 0.001 1.41 (1.33–1.50) < 0.001

Obese class II 783/17,873 4.38 2.08 (1.92–2.25) < 0.001 2.17 (2.01–2.35) < 0.001

6.0–8.9 Normal 591/16,437 3.60 Ref Ref

Overweight 2,137/54,604 3.91 1.08 (0.99–1.18) 0.068 1.06 (0.97–1.16) 0.183

Obese class I 1,527/32,429 4.71 1.32 (1.20–1.45) < 0.001 1.34 (1.22–1.47) < 0.001

Obese class II 849/14,282 5.95 1.62 (1.46–1.79) < 0.001 1.82 (1.64–2.02) < 0.001

≥ 9.0 Normal 20/180 10.00 Ref Ref

Overweight 83/1,074 7.73 0.86 (0.54–1.38) 0.540 0.90 (0.56–1.44) 0.649

Obese class I 88/1,040 8.46 0.92 (0.57–1.46) 0.715 0.91 (0.57–1.47) 0.710

Obese class II 78/690 11.30 1.27 (0.79–2.03) 0.321 1.27 (0.79–2.05) 0.319

< 6.0 Abdominal 
obesity (-)

5,732/237,793 2.35 Ref Ref 0.008

Abdominal 
obesity (+)

3,285/95,017 3.46 1.48 (1.42–1.54) < 0.001 1.43 (1.37–1.49) < 0.001

6.0–8.9 Abdominal 
obesity (-)

2,567/68,431 3.75 Ref Ref

Abdominal 
obesity (+)

2,558/49,586 5.16 1.39 (1.32–1.47) < 0.001 1.35 (1.27–1.43) < 0.001

≥ 9.0 Abdominal 
obesity (-)

96/1,264 7.60 Ref Ref

Abdominal 
obesity (+)

175/1,757 9.96 1.39 (1.09–1.78) 0.009 1.24 (0.96–1.60) 0.099

VHD, valvular heart disease; SUA, serum uric acid; HR, hazard ratio; CI, confidence interval; NA, not assessed.
Model 1: adjusted for age, sex, and race.
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cluding diabetes, hypertension, dyslipidemia, and smoking. 
Although metabolic mechanisms contribute substantially 
to VHD development, our study demonstrated a consistent 
association between SUA level and incident VHD even af-
ter extensive adjustment, suggesting that SUA may be in-
volved in pathways beyond conventional cardiovascular risk 
factors. Prior studies have reported uric acid deposition on 
cardiac valves and coronary vasculature [42-45], supporting 
a potential link with valvular pathology. Emerging experi-
mental evidence suggests that uric acid may directly partici-
pate in valvular disease process through valve interstitial cell 
osteogenic differentiation and endothelial dysfunction [46]. 
Interestingly, while SUA has been traditionally discussed 
in relation to calcific aortic valve disease, we observed a 
comparatively stronger association with mitral VHD. Mitral 
annular calcification has been closely associated with ath-
erosclerosis and chronic kidney disease and is increasingly 
recognized as an active process involving inflammation and 
oxidative stress [47,48], which share conceptual pathophys-
iological overlap with hyperuricemia. Structural and hemo-
dynamic differences between the mitral and aortic valves 
may further contribute to differential susceptibility to met-
abolic and inflammatory influences. Thus, our findings may 
provide insights into valve-specific disease pathways.

Of particular interest is the observation that the influ-
ence of BMI and abdominal obesity was less pronounced 
among participants with very high SUA exceeding 9 mg/
dL. Obesity has been firmly established as a risk factor for 
VHD development, primarily through promotion of system-
ic inflammation and deposition of epicardial adipose tissue 
[25,26,49,50]. In a Mendelian randomization study, ge-
netically determined obesity was positively correlated with 
hyperuricemia, whereas genetically determined hyperurice-
mia had no causal effect on body fat mass [10]. This un-
derscores the prominent role of genetic variants of urate 
transporters, particularly GLUT9, URAT1, and ABCG2, in hy-
peruricemia, rather than modifiable lifestyle behaviors [51]. 
Taken together, our findings suggest that although weight 
status may modify the association between hyperuricemia 
and VHD risk, very high SUA levels may reflect pathogenic 
pathways not fully captured by obesity-related mechanisms 
alone. 

This study has several limitations that warrant consider-
ation. First, the UK Biobank cohort predominantly comprises 
white British volunteers, which limits the generalizability of 
our findings to other ethnic populations. Given that uric acid 

metabolism, obesity distribution, and the epidemiology of 
VHD may vary across ethnic groups [4], caution is warranted 
when extrapolating these results to non-European popula-
tions. Further studies in diverse populations, including Asian 
cohorts, are needed to validate the observed associations. 
Second, our analysis only incorporated baseline data on 
SUA level and body composition, without accounting for 
potential changes during the follow-up period. Third, VHD 
outcomes were defined using ICD-based diagnostic codes, 
which may introduce outcome misclassification and limit the 
ability to account for disease severity. Fourth, while we ad-
justed the hazard ratios to account for potential sources of 
bias, the presence of unmeasured confounding factors can-
not be completely ruled out. Finally, the number of partici-
pants with very high SUA levels was relatively small, which 
may have limited statistical power for subgroup and interac-
tion analyses. Nonetheless, our study reveals the critical in-
terconnectedness between SUA level, weight management, 
and VHD risk. Further clinical trials are warranted to validate 
the impact of weight management and uric acid-lowering 
therapy on VHD risk.

In conclusion, our study highlights the significant link 
between hyperuricemia and VHD, as well as the impact 
of weight management on VHD prevention. Hyperurice-
mia exhibited a robust association with elevated VHD risk 
in middle-aged and older adults, even after accounting for 
traditional risk factors. These findings underscore the poten-
tial relevance of SUA level as a marker associated with VHD 
development, highlighting the importance of future research 
into the role in VHD risk stratification. While weight man-
agement may provide a degree of protection against VHD, 
our results suggest a necessity for more comprehensive inter-
ventions in individuals with very high SUA levels. Given the 
global impact of VHD on cardiovascular health, SUA levels 
may be relevant when interpreting VHD risk in the context of 
overall cardiometabolic health.
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KEY MESSAGE
1.	 Hyperuricemia is independently associated with an 

increased risk of incident VHD. 
2.	 The stepwise increase in VHD risk across SUA cat-

egories remains consistent regardless of metabolic 
profiles. 

3.	Obesity modifies the association between SUA 
levels and VHD risk, with a less pronounced effect 
observed at SUA levels exceeding 9.0 mg/dL. 
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Supplementary Table 1. Detailed definitions of baseline major comorbidities and outcomes

Disease Path Field ID Code

Baseline valvular heart Verbal interview Non-cancer illness, self-report (20002) 1095,1551,1650,1652,
disease First occurrence before 

enrollment
First reported of rheumatic mitral valve 

diseases
I05

First reported of rheumatic aortic valve 
diseases

I06

First reported of rheumatic tricuspid valve 
diseases

I07

First reported of multiple valve diseases I08
First reported of nonrheumatic mitral 

valve disorder
I34

First reported of nonrheumatic aortic 
valve disorders

I35

First reported of nonrheumatic tricuspid 
valve disorders

I36

First reported of pulmonary valve 
disorders

I37

First reported of endocarditis and heart 
valve disorders in diseases classified 
elsewhere

I39

Hospital inpatient data Summary Diagnosis (ICD10, 41270) I050, I051, I052, I058, I059, I060, I061, 
I062, I070, I071, I079, I080, I081, 
I082, I083, I088, I089, I340, I341, 
I342, I348, I349, I350, I351, I352, I358, 
I359, I361, I371, I372

　 　 Summary Diagnosis (ICD9, 41271) 394, 395, 396, 424.0, 424.1, 424.3
Baseline congenital 

heart disease
First occurrence before 

enrollment
First reported of congenital malformations 

of pulmonary and tricuspid valve
Q22

　 　 First reported of congenital malformations 
of aortic and mitral valves

Q23

Baseline dyslipidemia Verbal interview Non-cancer illness, self-report (20002) High cholesterol (1473)
First occurrence before 

enrollment
First reported of disorders of lipoprotein 

metabolism and other lipidemia (130815, 
130816)

E78.x

　 Medication Medication for cholesterol, blood pressure 
or diabetes (6177)

Cholesterol lowering medication

Baseline hypertension Verbal interview Non-cancer illness, self-report (20002) 1065, 1072
Touchscreen Vascular/heart problems diagnosed by 

doctor (6150)
High blood pressure

First occurrence before 
enrollment

First reported of essential hypertension 
(131286, 131287)

I10.x

First reported of hypertensive heart 
disease (131288, 131289)

I11.x

First reported of hypertensive renal 
disease (131290, 131291)

I12.x

First reported of hypertensive heart and 
renal disease (131292, 131293)

I13.x

First reported of secondary hypertension 
(131294, 131295)

I15.x

　 Medication Medication for cholesterol, blood pressure 
or diabetes (6177)

Blood pressure medication
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Disease Path Field ID Code

Baseline type 2 diabetes Verbal interview Non-cancer illness, self-report (20002) Diabetes (1220)

mellitus Type 2 diabetes (1223)

Touchscreen Diabetes diagnosed by doctor (2443) Yes

First occurrence before 
enrollment

First reported of non-insulin-dependent 
diabetes mellitus (130708, 130709)

E11.x

First reported of unspecified diabetes 
mellitus (130714, 130715)

E14.x

Medication Treatment/medication code (20003) Insulin (1140883066)

Metformin (1140884600, 1141189090)

Sulfonylurea (1141152590, 1140874744, 
1140874718, 1141156984)

Acarbose (1140868902)

Thiazolidinedione (1141171646)

Meglitinide (1141168660, 1141173882)

HbA1c at baseline Glycated hemoglobin (HbA1c) (30750) ≥ 6.5%

Verbal interview for 
exclusion type 1 
diabetes

Non-cancer illness, self-report (20002) Type 1 diabetes (1222)

　 First occurrence for 
exclusion type 1 
diabetes

First reported of insulin-dependent 
diabetes mellitus (130706, 130707)

E10.x

Baseline coronary artery Verbal interview Non-cancer illness, self-report (20002) 1074 (angina)

disease 1075 (heart attack/myocardial infarction)

Touchscreen Vascular/heart problems diagnosed by 
doctor (6150)

Heart attack, angina

First occurrence before 
enrollment

First reported of angina pectoris (131296, 
131297)

I20.x

First reported of acute myocardial 
infarction (131298, 131299)

I21.x

First reported of subsequent myocardial 
infarction (131300, 131301)

I22.x

First reported of certain current 
complications following acute 
myocardial infarction (131302, 131303)

I23.x

First reported of other acute ischemic 
heart diseases (131304, 131305)

I24.x

　 First reported of chronic ischemic heart 
disease (131306, 131307)

I25.x

Baseline peripheral Verbal interview Non-cancer illness, self-report (20002) Peripheral vascular disease (1067)

artery disease Hospital inpatient data Summary Diagnosis (ICD10, 41270) I70.0, I70.00, I70.01, I70.2, I70.21, I70.8, 
I70.80, I70.9, I70.90, I73.8, I73.9

　 　 Summary Diagnosis (ICD9, 41271) 4400, 4402, 4438, 4439

Supplementary Table 1. Continued
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Disease Path Field ID Code

Baseline heart failure Verbal interview Non-cancer illness, self-report (20002) Heart failure (1076, 1079)

Hospital inpatient data Summary Diagnosis (ICD10, 41270) I50, I50.0, I50.1, I50.9

　 　 Summary Diagnosis (ICD9, 41271) 4254, 4280, 4281, 4289

Baseline heart Verbal interview Non-cancer illness, self-report (20002) Heart arrhythmia (1094)

arrhythmia First occurrence before 
enrollment

First reported of atrial fibrillation/flutter 
(131350, 131351)

I48.x

　 First reported of other cardiac arrhythmias 
(131352, 131353)

I49.x

Baseline ischemic stroke Verbal interview Non-cancer illness, self-report (20002) Stroke (1081,1082,1583)

　 First occurrence before 
enrollment

First reported of cerebral infarction 
(131366, 131367)

I63.x

Baseline hemorrhagic Verbal interview Non-cancer illness, self-report (20002) Stroke (1081)

stroke First occurrence before 
enrollment

First reported of subarachnoid 
hemorrhage (131360, 131361)

I60.x

First reported of intracerebral hemorrhage 
(131362, 131363)

I61.x

　 　 First reported of other nontraumatic 
intracranial hemorrhage (131364, 
131365)

I62.x

Valvular heart disease 
during follow-up

First occurrence before 
enrollment

First reported of rheumatic mitral valve 
diseases

I05

First reported of rheumatic aortic valve 
diseases

I06

First reported of rheumatic tricuspid valve 
diseases

I07

First reported of multiple valve diseases I08

First reported of nonrheumatic mitral 
valve disorder

I34

First reported of nonrheumatic aortic 
valve disorders

I35

First reported of nonrheumatic tricuspid 
valve disorders

I36

First reported of pulmonary valve 
disorders

I37

First reported of endocarditis and heart 
valve disorders in diseases classified 
elsewhere

I39

Hospital inpatient data Summary Diagnosis (ICD10, 41270) I050, I051, I052, I058, I059, I060, I061, 
I062, I070, I071, I079, I080, I081, 
I082, I083, I088, I089, I340, I341, 
I342, I348, I349, I350, I351, I352, I358, 
I359, I361, I371, I372

　 Summary Diagnosis (ICD9, 41271) 394, 395, 396, 424.0, 424.1, 424.3

Supplementary Table 1. Continued

www.kjim.org


www.kjim.org

The Korean Journal of Internal Medicine Vol. 41, No. 4, July 2026

https://doi.org/10.3904/kjim.2025.269

Disease Path Field ID Code

Mitral valvular heart 
disease during follow-
up

First occurrence before 
enrollment

First reported of nonrheumatic mitral 
valve disorder

I34

Hospital inpatient data Summary Diagnosis (ICD10, 41270) I340, I341, I342, I348, I349

　 Summary Diagnosis (ICD9, 41271) 394, 424.0

Aortic valvular heart 
disease during follow-up

First occurrence before 
enrollment

First reported of nonrheumatic aortic 
valve disorders

I35

Hospital inpatient data Summary Diagnosis (ICD10, 41270) I350, I351, I352, I358, I359

Summary Diagnosis (ICD9, 41271) 395, 424.1

Aortic stenosis during Hospital inpatient data Summary Diagnosis (ICD10, 41270) I350

follow-up Summary Diagnosis (ICD9, 41271) 395

Supplementary Table 1. Continued
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Supplementary Table 2. Multicollinearity assessment using GVIFs

Variable GVIF Df Adjusted GVIFa) Interpretation

Age 1.51 1 1.23 No collinearity

Sex 1.36 1 1.17 No collinearity

Race 1.08 4 1.01 No collinearity

Body mass index 1.22 1 1.11 No collinearity

Current smoking status 1.03 1 1.01 No collinearity

Physical activity 1.02 1 1.01 No collinearity

Eating habit 1.02 1 1.01 No collinearity

Alcohol consumption 1.12 1 1.06 No collinearity

Systolic blood pressure 2.15 1 1.46 Low collinearity

Diastolic blood pressure 2.09 1 1.45 Low collinearity

LDL-cholesterol 1.26 1 1.12 No collinearity

eGFR 1.23 1 1.11 No collinearity

Albumin-to-creatinine ratio 1.03 1 1.02 No collinearity

Glycated hemoglobin 1.73 1 1.32 No collinearity

Aspirin use 1.31 1 1.15 No collinearity

Anti-hypertensive medication 1.73 1 1.31 No collinearity

Lipid-lowering medication 1.89 1 1.38 No collinearity

Glucose-lowering medication 1.74 1 1.32 No collinearity

Diuretics 1.34 1 1.16 No collinearity

Urate-lowering therapy 1.04 1 1.02 No collinearity

GVIF, generalized variance inflation factor; eGFR, estimated glomerular filtration rate.
a)Adjusted GVIF refers to GVIF1/(2×DF).
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Supplementary Table 3. Number of cases with missing 

data for each variable

Variable n (%)

Total 462,705

Systolic blood pressure 521 (0.1)

Diastolic blood pressure 519 (0.1)

Height 1,342 (0.3)

Weight 1,538 (0.3)

Waist circumference 990 (0.2)

Smoking 485 (0.1)

Physical activity 3,147 (0.7)

Alcohol frequency 1,022 (0.2)

Total cholesterol 114 (0.1)

Triglyceride 471 (0.1)

HDL-cholesterol 39,119 (8.5)

LDL-cholesterol 999 (0.2)

Creatinine 323 (0.1)

HbA1c 23,879 (5.1)

HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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Supplementary Table 4. Incidence of VHD according to SUA levels

SUA levels 
(mg/dL)

No. of events/
total No.

Incidence rate 
(95% CI)

Absolute 
risk (%)

Crude
p value

Model 1
p value

HR (95% CI) HR (95% CI)

All VHD < 6.0 9,088/340,793 2.17 (2.13–2.22) 2.67 Ref Ref

6.0–6.9 2,933/76,469 3.13 (3.01–3.24) 3.84 1.43 (1.37–1.49) < 0.0001 1.14 (1.09–1.19) < 0.0001

7.0–7.9 1,630/32,428 4.09 (3.90–4.30) 5.03 1.84 (1.74–1.94) < 0.0001 1.40 (1.33–1.48) < 0.0001

8.0–8.9 608/9,964 4.96 (4.57–5.37) 6.10 2.19 (2.02–2.38) < 0.0001 1.63 (1.49–1.77) < 0.0001

9.0–9.9 191/2,368 6.54 (5.65–7.54) 8.07 2.79 (2.42–3.22) < 0.0001 2.01 (1.74–2.32) < 0.0001

≥ 10.0 87/683 10.39 (8.32–12.81) 12.74 4.71 (3.81–5.82) < 0.0001 3.46 (2.80–4.29) < 0.0001

Mitral 
VHD

< 6.0 2,884/340,793 0.69 (0.67–0.72) 0.85 Ref Ref

6.0–6.9 877/76,469 0.94 (0.88–1.00) 1.15 1.36 (1.26–1.46) < 0.0001 1.13 (1.04–1.22) < 0.0001

7.0–7.9 450/32,428 1.14 (1.03–1.25) 1.39 1.64 (1.49–1.81) < 0.0001 1.32 (1.19–1.47) < 0.0001

8.0–8.9 203/9,964 1.67 (1.45–1.92) 2.04 2.41 (2.09–2.78) < 0.0001 1.93 (1.67–2.23) < 0.0001

9.0–9.9 46/2,368 1.59 (1.16–2.12) 1.94 2.29 (1.71–3.07) < 0.0001 1.79 (1.33–2.40) < 0.0001

≥ 10.0 34/683 4.15 (2.88–5.80) 4.98 6.02 (4.30–8.45) < 0.0001 4.51 (3.21–6.33) < 0.0001

Aortic 
VHD

< 6.0 3,338/340,793 0.80 (0.77–0.83) 0.98 Ref Ref

6.0–6.9 1,126/76,469 1.21 (1.14–1.28) 1.47 1.51 (1.41–1.61) < 0.0001 1.12 (1.04–1.20) < 0.0001

7.0–7.9 685/32,428 1.73 (1.61–1.87) 2.11 2.16 (1.99–2.35) < 0.0001 1.52 (1.40–1.66) < 0.0001

8.0–8.9 206/9,964 1.69 (1.47–1.94) 2.07 2.11 (1.83–2.43) < 0.0001 1.45 (1.26–1.68) < 0.0001

9.0–9.9 89/2,368 3.10 (2.49–3.81) 3.76 3.87 (3.14–4.78) < 0.0001 2.57 (2.07–3.18) < 0.0001

≥ 10.0 31/683 3.76 (2.56–5.35) 4.54 4.72 (3.31–6.72) < 0.0001 3.06 (2.15–4.37) < 0.0001

Aortic 
stenosis

< 6.0 2,286/340,793 0.55 (0.53–0.57) 0.67 Ref Ref

6.0–6.9 774/76,469 0.83 (0.77–0.89) 1.01 1.51 (1.39–1.64) < 0.0001 1.09 (1.00–1.19) 0.044

7.0–7.9 499/32,428 1.26 (1.15–1.38) 1.54 2.30 (2.09–2.53) < 0.0001 1.56 (1.41–1.72) < 0.0001

8.0–8.9 161/9,964 1.32 (1.12–1.54) 1.62 2.41 (2.05–2.82) < 0.0001 1.60 (1.36–1.89) < 0.0001

9.0–9.9 68/2,368 2.36 (1.83–2.99) 2.87 4.30 (3.38–5.48) < 0.0001 2.76 (2.16–3.53) < 0.0001

≥ 10.0 24/683 2.90 (1.86–4.31) 3.51 5.30 (3.55–7.93) < 0.0001 3.31 (2.21–4.95) < 0.0001

VHD, valvular heart disease; SUA, serum uric acid; HR, hazard ratio; CI, confidence interval.
Model 1: adjusted for age, sex, and race.
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Supplementary Figure 1. Flowchart of study population selection. VHD, valvular heart disease; SUA, serum uric acid.

Total participants in UK Biobank 
(n = 502,409)

Final study population 
(n = 462,705)

Exclusion
Baseline VHD (n = 6,636)

Baseline congenital heart disease (n = 67)
Missing SUA values (n = 33,001)

SUA
< 6.0 mg/dL 

(n = 340,793)

SUA
6.0-8.9 mg/dL 
(n = 118,861)

SUA
≥ 9.0 mg/dL 
(n = 3,051)
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Supplementary Figure 2. Age-, sex-, and race-adjusted risk of VHD according to SUA levels. VHD, valvular heart disease; SUA, serum 
uric acid; CI, confidence interval.
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