
© 2026 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press Group 
on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article under the terms 
of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).

Review

Hyperuricemia and cardiometabolic disease: current evidence 
linking uric acid to obesity, insulin resistance and 
type 2 diabetes mellitus
Liliya Pashova-Stoyanova 1 *

1 Department of Physiology, Pathophysiology and Pharmacology, Section of Pharmacology, Faculty of Medicine, 
Trakia University, Stara Zagora, Bulgaria

* Correspondence to: Liliya Pashova-Stoyanova, Department of Physiology, Pathophysiology and Pharmacology, Section of Pharmacology, 
Faculty of Medicine, Trakia University, Stara Zagora, Bulgaria. E-mail: liliya.pashova@trakia-uni.bg

Received: 7 June 2026 / Accepted: 27 August 2026

Abstract
Hyperuricemia has long been regarded as the biochemical hallmark of gout; however, accumulating evidence indicates that 
its clinical relevance extends considerably beyond crystal-induced arthropathy. Elevated serum uric acid levels are increas-
ingly encountered in individuals with obesity, insulin resistance, type 2 diabetes mellitus (T2DM), hypertension, and cardi-
ovascular disease, positioning hyperuricemia as a potentially integral component of the cardiometabolic continuum. This 
narrative review synthesizes current evidence linking serum uric acid to obesity, insulin resistance, T2DM, and cardiovas-
cular risk. Epidemiological data consistently demonstrate robust associations between uric acid levels and adverse cardio-
metabolic profiles. Complementary experimental findings support plausible pathogenic mechanisms, including oxidative 
stress, mitochondrial dysfunction, endothelial injury, chronic low-grade inflammation, and activation of the renin-angio-
tensin-aldosterone system. Special emphasis is placed on the bidirectional relationship between obesity and hyperuricemia, 
the metabolic consequences of fructose overconsumption, and the emerging utility of uric acid as a predictor of incident 
metabolic disease. The question of whether hyperuricemia acts primarily as a marker or an active mediator of cardiometa-
bolic dysfunction remains unresolved; current evidence, however, supports a contributory pathophysiological role. A deeper 
understanding of uric acid metabolism may enhance cardiometabolic risk stratification and inform the development of tar-
geted preventive and therapeutic strategies.
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Introduction

Cardiometabolic diseases – encompassing obesity, 
insulin resistance, T2DM, hypertension, and cardio-
vascular disease – represent one of the most pressing 
challenges in contemporary global health, accounting 
for a substantial proportion of worldwide morbidity 
and mortality. Their rising prevalence has naturally 
directed research attention toward novel mechanistic 
pathways and potential biomarkers capable of refining 
cardiometabolic risk assessment and informing dis-
ease management [1, 2].

Serum uric acid has long been regarded primari-
ly as the biochemical hallmark of gout. Yet this tradi-

tional view is increasingly difficult to sustain in light 
of mounting clinical and epidemiological evidence. 
Elevated uric acid levels are encountered with notable 
consistency in individuals with obesity, metabolic syn-
drome, insulin resistance, T2DM, and cardiovascular 
disease – a pattern that raises substantive questions 
about the role of uric acid in cardiometabolic patho-
physiology [2–4].

Hyperuricemia, conventionally defined as serum 
uric acid exceeding 6.8 mg/dL, has been associated 
with multiple constituents of the metabolic syndrome, 
including central obesity, hypertension, dyslipidem-
ia, impaired glucose metabolism, and non-alcoholic 
fatty liver disease [5–7]. Importantly, prospective data 
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suggest that elevated uric acid may precede the clinical 
emergence of obesity, insulin resistance, and T2DM – an 
observation difficult to reconcile with the notion of 
uric acid as a mere metabolic bystander [8–10].

Experimental evidence lends further biological 
plausibility to these associations. Uric acid has been 
mechanistically implicated in oxidative stress, en-
dothelial dysfunction, chronic low-grade inflamma-
tion, mitochondrial impairment, and activation of the 
renin-angiotensin-aldosterone system (RAAS). Fruc-
tose metabolism and obesity-related adipose tissue dys-
function appear to amplify and reinforce these patho-
genic interactions [4, 11–14].

Notwithstanding the breadth of available re-
search, the precise pathophysiological role of hyperu-
ricemia remains genuinely contested. Some investiga-
tors regard it as a downstream marker of underlying 
metabolic dysfunction, while others argue for a more 
active, causally relevant position – and consequent-
ly for its consideration as a legitimate therapeutic 
target [2, 15, 16].

The present narrative review synthesizes current 
evidence linking hyperuricemia to obesity, insulin re-
sistance, T2DM, and cardiovascular risk, and examines 
its potential place within the broader cardiometabolic 
continuum.

Uric Acid and hyperuricemia: beyond gout

Physiology of uric acid metabolism

Uric acid is the final product of purine metabolism 
in humans. Unlike most mammals, humans lack the 
enzyme uricase, which converts uric acid into the more 
soluble compound allantoin. As a result, serum uric 
acid concentrations are naturally higher in humans 
than in other species [4].

Approximately two-thirds of uric acid is eliminat-
ed through the kidneys, while the remaining portion is 
excreted via the gastrointestinal tract. Serum uric acid 
levels are determined by the balance between produc-
tion and excretion. Hyperuricemia may therefore re-
sult from increased uric acid synthesis, impaired renal 
clearance, or a combination of both mechanisms [2, 4].

Although uric acid has long been recognized for 
its role in gout, it also possesses important biological 
properties. Under physiological conditions, uric acid 
contributes substantially to plasma antioxidant capac-
ity. However, when present in excessive concentra-
tions, it may exert pro-oxidative and pro-inflammatory 

effects, potentially contributing to vascular and meta-
bolic dysfunction [4, 17].

Epidemiology and cardiometabolic relevance 
of hyperuricemia

Hyperuricemia has become increasingly prevalent 
worldwide, paralleling the global rise in obesity, met-
abolic syndrome, and T2DM. Its prevalence varies ac-
cording to age, sex, ethnicity, dietary habits, and the 
presence of cardiometabolic risk factors, with men 
generally exhibiting higher serum uric acid concentra-
tions than women until menopause [2, 18].

Elevated serum uric acid levels are particularly 
common among individuals with obesity, hyperten-
sion, insulin resistance, chronic kidney disease, and 
other components of the metabolic syndrome [2, 19, 
20]. Population-based studies consistently demon-
strate positive associations between serum uric acid 
levels and the clustering of metabolic abnormalities, 
supporting the close relationship between uric acid 
metabolism and cardiometabolic health [5, 21].

Beyond its traditional association with gout, hy-
peruricemia is increasingly recognized as a common 
feature of the cardiometabolic disease spectrum. High-
er serum uric acid levels have been linked to obesity, 
T2DM, non-alcoholic fatty liver disease, hypertension, 
and cardiovascular disease, often independently of 
conventional risk factors [2, 11, 22–24].

Consequently, hyperuricemia is no longer viewed 
solely as a disorder of purine metabolism but as a clini-
cally relevant marker of cardiometabolic risk. Whether 
it functions primarily as a biomarker, a mediator, or a 
potential therapeutic target remains under investiga-
tion, but its importance in contemporary cardiometa-
bolic medicine is increasingly recognized [2, 10, 16].

Hyperuricemia and obesity

Epidemiological evidence

Obesity and hyperuricemia frequently coexist and 
are among the most prevalent metabolic abnormalities 
observed in contemporary populations. Numerous ep-
idemiological studies have demonstrated a strong pos-
itive association between increasing body mass index 
(BMI) and serum uric acid levels across different age 
groups, ethnicities, and geographic regions [19, 20, 25].

Individuals with overweight and obesity consist-
ently exhibit a higher prevalence of hyperuricemia 
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compared with normal-weight populations. Further-
more, the risk of elevated serum uric acid appears to 
increase progressively with the severity of obesity, sug-
gesting a dose-dependent relationship between adipos-
ity and uric acid metabolism [19, 20].

Recent large-scale population studies have also 
shown that hyperuricemia frequently clusters with 
other obesity-related metabolic abnormalities, includ-
ing hypertension, dyslipidemia, insulin resistance, 
and metabolic syndrome, highlighting its close inte-
gration within the broader cardiometabolic risk pro-
file [5, 18, 21].

Visceral adiposity and uric acid

Emerging evidence suggests that visceral adiposity 
may be more strongly associated with hyperuricemia 
than overall body weight alone. Visceral fat is metabol-
ically active and contributes to systemic inflammation, 
oxidative stress, and metabolic dysregulation, all of 
which may influence uric acid homeostasis [1, 12].

Studies have demonstrated stronger correlations 
between serum uric acid concentrations and measures 
of central obesity, including waist circumference and 
abdominal fat accumulation, than with BMI itself [18, 
25]. This observation is clinically important because 
visceral adiposity is recognized as a major determinant 
of cardiometabolic risk.

The relationship appears to be particularly relevant 
in individuals with metabolic syndrome and non-alco-
holic fatty liver disease, where excess visceral fat and 
elevated uric acid levels frequently coexist and may act 
synergistically to worsen metabolic outcomes [7, 26].

The role of fructose consumption

Among dietary factors, fructose consumption has 
attracted considerable attention as a potential link be-
tween obesity and hyperuricemia. Unlike glucose me-
tabolism, fructose metabolism rapidly consumes intra-
cellular ATP, leading to increased purine degradation 
and enhanced uric acid production [4, 11].

Excessive intake of sugar-sweetened beverages and 
fructose-rich processed foods has been associated with 
both rising obesity rates and increasing prevalence of 
hyperuricemia worldwide. Experimental and clinical 
studies suggest that fructose-induced uric acid gener-
ation may contribute not only to elevated serum uric 
acid levels but also to the development of insulin resist-
ance, hepatic steatosis, and cardiometabolic dysfunc-
tion [2, 4, 12]. These findings have strengthened the hy-

pothesis that dietary fructose may represent a common 
upstream driver of several interconnected metabolic 
disorders.

Bidirectional interactions between obesity 
and hyperuricemia

The relationship between obesity and hyperurice-
mia is increasingly recognized as bidirectional. On one 
hand, excess adiposity promotes uric acid accumula-
tion through increased production, altered adipokine 
secretion, systemic inflammation, and reduced renal 
urate excretion. On the other hand, elevated uric acid 
may contribute to further metabolic deterioration by 
promoting oxidative stress, endothelial dysfunction, 
and insulin resistance [4, 11, 12].

Prospective studies have suggested that hyperu-
ricemia may precede the development of obesity in 
some individuals, while obesity itself remains a ma-
jor predictor of future hyperuricemia. These observa-
tions support the existence of a self-reinforcing cycle 
in which obesity and elevated uric acid levels mutually 
aggravate one another over time [7, 8, 13].

This bidirectional interaction may partly explain 
why hyperuricemia is so commonly encountered in pa-
tients with obesity and why both conditions frequently 
progress together toward a more adverse cardiometa-
bolic phenotype.

Hyperuricemia and insulin resistance

Insulin resistance is a central feature of obesity, 
metabolic syndrome, T2DM, and cardiovascular dis-
ease. Increasing evidence suggests that hyperuricemia 
may contribute to its development through several in-
terconnected mechanisms, although the exact causal 
relationship remains under investigation [10, 11, 14].

Experimental evidence

Experimental studies indicate that uric acid is an 
active biological molecule capable of influencing met-
abolic homeostasis. Elevated intracellular uric acid 
levels interfere with insulin signaling in adipocytes, 
hepatocytes, and vascular cells, resulting in impaired 
insulin responsiveness and glucose utilization [4, 14].

Animal models of hyperuricemia frequently de-
velop insulin resistance, hypertension, visceral adi-
posity, and hepatic steatosis, while uric acid-lowering 
interventions have been shown to partially reverse 
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these abnormalities [4, 9, 11]. Consistent findings from 
human studies further demonstrate positive associ-
ations between serum uric acid levels and markers 
of insulin resistance, even before the onset of overt 
diabetes [10, 13].

Oxidative stress and mitochondrial dysfunction

Oxidative stress represents one of the principal 
mechanisms linking hyperuricemia to insulin resist-
ance. Although uric acid acts as an antioxidant extra-
cellularly, excessive intracellular accumulation may 
promote reactive oxygen species generation and dis-
rupt cellular redox balance [4].

This oxidative environment impairs insulin sign-
aling and contributes to mitochondrial dysfunction, 
reducing metabolic flexibility and cellular responsive-
ness to insulin. Experimental evidence suggests that el-
evated uric acid levels impair mitochondrial function 
and energy metabolism, thereby promoting insulin-re-
sistant states [4, 14, 27].

Endothelial dysfunction

Endothelial dysfunction is an early event in both 
cardiovascular disease and insulin resistance. Hyperu-
ricemia reduces nitric oxide bioavailability, impairing 
vasodilation, vascular homeostasis, and insulin-medi-
ated glucose uptake in peripheral tissues [4, 17].

In addition, elevated uric acid levels promote vas-
cular smooth muscle proliferation and oxidative injury 
within the vascular wall, contributing to hypertension 
and atherosclerotic processes [2, 15, 28]. These findings 
suggest that endothelial injury may represent an im-
portant pathway linking hyperuricemia with cardio-
metabolic disease.

Chronic low-grade inflammation

Chronic low-grade inflammation is another key 
mechanism connecting hyperuricemia and insulin 
resistance. Elevated uric acid concentrations stimu-
late inflammatory pathways and cytokine production, 
creating a metabolic environment that interferes with 
normal insulin signaling [4, 14].

This interaction appears particularly relevant in 
obesity, where dysfunctional adipose tissue already 
exhibits increased inflammatory activity. Hyperurice-
mia may further amplify this process, reinforcing the 
cycle linking adiposity, inflammation, and metabolic 
dysfunction [12, 13].

Renin-angiotensin-aldosterone system activation

Hyperuricemia may also contribute to insulin re-
sistance through activation of RAAS. Experimental 
studies suggest that elevated uric acid levels stimulate 
RAAS activity, promoting vasoconstriction, oxidative 
stress, vascular remodeling, and sodium retention 
[2, 11]. Beyond blood pressure regulation, excessive 
RAAS activation contributes to inflammation, en-
dothelial dysfunction, adipose tissue dysregulation, 
and impaired insulin signaling [2, 9]. Together, these 
observations support the concept that hyperuricemia 
participates in the complex pathophysiological net-
work underlying insulin resistance and cardiometa-
bolic disease.

Hyperuricemia and type 2 diabetes mellitus

The relationship between hyperuricemia and 
T2DM has attracted considerable scientific interest 
over the past decade. While insulin resistance repre-
sents an important mechanistic link between the two 
conditions, accumulating evidence suggests that ele-
vated serum uric acid may be involved throughout the 
continuum of diabetes development, from early meta-
bolic disturbances to established disease and its com-
plications [10, 14, 27].

Hyperuricemia as a predictor of diabetes

A growing number of prospective studies have 
identified hyperuricemia as a significant predictor of 
future T2DM. Individuals with elevated serum uric 
acid levels appear to have a higher risk of developing 
diabetes compared with those with normal uric acid 
concentrations, even after adjustment for traditional 
risk factors such as obesity, hypertension, and dyslipi-
demia [9, 29, 30].

Several longitudinal investigations suggest that hy-
peruricemia may precede the onset of impaired glucose 
metabolism by many years, supporting the hypothesis 
that elevated uric acid is not simply a consequence of 
diabetes but may participate in its pathogenesis [10, 27].

Meta-analyses have further demonstrated a con-
sistent association between higher serum uric acid 
levels and increased diabetes incidence across diverse 
populations. Although causality remains difficult to 
establish, the reproducibility of these findings has 
strengthened interest in hyperuricemia as a potential 
early marker of metabolic risk [11, 29, 30].
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Effects on glucose metabolism

Several mechanisms may explain the relationship 
between hyperuricemia and impaired glucose home-
ostasis. Elevated uric acid levels have been associated 
with oxidative stress, endothelial dysfunction, inflam-
mation, and impaired insulin signaling, all of which 
may adversely affect glucose metabolism [4, 14].

Reduced nitric oxide bioavailability may further 
impair insulin-mediated glucose uptake, while adipose 
tissue dysfunction and altered hepatic metabolism 
contribute to worsening insulin resistance and glucose 
dysregulation [4, 14, 17, 27]. Collectively, these observa-
tions suggest that uric acid may participate in multiple 
stages of the metabolic cascade leading to T2DM and 
should be viewed within the broader cardiometabolic 
network rather than as an isolated metabolic abnor-
mality [10, 11].

Clinical implications in patients with diabetes

Hyperuricemia is highly prevalent in individuals 
with T2DM and is frequently associated with obesity, hy-
pertension, dyslipidemia, metabolic syndrome, and an 
overall less favorable cardiometabolic profile [22, 27, 31].

Elevated serum uric acid levels have also been 
linked to diabetic complications, including chronic 
kidney disease, non-alcoholic fatty liver disease, and 
increased cardiovascular risk, supporting its role as a 
marker of adverse metabolic health [2, 16, 22].

From a clinical perspective, serum uric acid may 
provide additional information for cardiometabolic 
risk stratification in patients with T2DM. However, 
whether uric acid-lowering interventions can directly 
improve diabetic outcomes remains uncertain and re-
quires further investigation [2, 14, 27].

Hyperuricemia and cardiovascular risk

Cardiovascular disease remains the leading cause 
of death worldwide and represents the ultimate clinical 
consequence of multiple interacting cardiometabolic 
abnormalities. In recent years, hyperuricemia has 
emerged as a potential contributor to cardiovascular 
risk, attracting growing attention from both research-
ers and clinicians. Numerous epidemiological studies 
have demonstrated associations between elevated se-
rum uric acid levels and hypertension, atherosclerosis, 
coronary artery disease, heart failure, and cardiovas-
cular mortality [2, 15, 17].

Although hyperuricemia frequently coexists with 
traditional cardiovascular risk factors, increasing evi-
dence suggests that its relationship with cardiovascular 
disease extends beyond simple association. Experimen-
tal studies have identified several mechanisms through 
which elevated uric acid may contribute to vascular 
injury, including endothelial dysfunction, oxidative 
stress, inflammation, and activation of RAAS [4, 11, 32].

Hypertension, atherosclerosis and endothelial injury

The association between hyperuricemia and vascu-
lar disease is among the most extensively investigated 
aspects of cardiometabolic research. Elevated serum 
uric acid levels are frequently observed in individuals 
with hypertension and have been shown to predict the 
future development of elevated blood pressure in sever-
al population-based studies [2, 9, 11].

Experimental and clinical evidence suggests that 
hyperuricemia contributes to vascular injury through 
multiple interconnected mechanisms, including re-
duced nitric oxide bioavailability, oxidative stress, acti-
vation of RAAS, vascular smooth muscle proliferation, 
and chronic low-grade inflammation [2, 4, 15, 17]. These 
alterations impair endothelial function, promote vas-
cular stiffness and remodeling, and create a pro-ather-
ogenic environment.

Consequently, elevated serum uric acid levels have 
been associated not only with hypertension but also 
with markers of subclinical atherosclerosis, coronary 
artery disease, and adverse vascular outcomes [16, 
23, 24, 28]. The relationship appears particularly rel-
evant in individuals with coexisting cardiometabolic 
abnormalities, where multiple pathogenic pathways 
converge to amplify cardiovascular risk [23, 24, 28]. 
Collectively, these findings support the concept that 
hyperuricemia may participate in the early stages of 
vascular dysfunction and atherosclerotic disease rather 
than merely reflect established cardiovascular damage.

Cardiovascular morbidity and mortality

A growing body of epidemiological evidence sup-
ports an association between hyperuricemia and ad-
verse cardiovascular outcomes. Elevated serum uric 
acid levels have been linked to increased risks of cor-
onary artery disease, heart failure, stroke, and cardio-
vascular mortality across diverse populations [2, 16, 17].

Several large cohort studies have demonstrat-
ed that individuals with hyperuricemia experience a 
higher incidence of cardiovascular events compared 
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with those with normal uric acid concentrations. Im-
portantly, these associations often persist after adjust-
ment for conventional cardiovascular risk factors, in-
cluding obesity, hypertension, diabetes mellitus, and 
renal dysfunction [23, 24, 28].

Recent prospective investigations have further 
identified hyperuricemia as an early indicator of car-
diovascular risk in otherwise apparently healthy indi-
viduals, suggesting that elevated serum uric acid may 
provide additional prognostic information beyond tra-
ditional risk assessment tools [23, 24].

Nevertheless, an important question remains unre-
solved. While observational evidence strongly supports 
an association between hyperuricemia and cardiovas-
cular morbidity and mortality, definitive proof that 
uric acid directly causes cardiovascular events is still 
lacking. This uncertainty has fueled ongoing debate 
regarding whether hyperuricemia should be regarded 
primarily as a causal risk factor, a marker of underlying 
cardiometabolic dysfunction, or both [2, 15, 16].

Despite these remaining questions, current evi-
dence consistently places hyperuricemia within the 
broader network of cardiometabolic risk factors and 
highlights its potential clinical relevance in cardiovas-
cular prevention and risk stratification [2, 11, 32].

Therapeutic implications

The close association between hyperuricemia and 
cardiometabolic disorders has raised important ques-
tions regarding the potential benefits of interventions 
aimed at reducing serum uric acid levels. Current ther-
apeutic strategies primarily focus on lifestyle modifica-
tion, dietary optimization, pharmacological urate-low-
ering therapy, and the use of antidiabetic agents that 
may favorably influence uric acid metabolism [2, 11, 27].

Lifestyle modification and weight reduction

Lifestyle modification remains the cornerstone of 
management in individuals with hyperuricemia and 
cardiometabolic disease. Weight reduction has consist-
ently been associated with lower serum uric acid con-
centrations and improvements in insulin sensitivity, 
blood pressure, and overall metabolic health [1, 19].

Regular physical activity may further contribute 
to improved cardiometabolic outcomes and has been 
associated with a lower prevalence of hyperuricemia 
and gout-related complications in high-risk popula-
tions [1, 33].

Given the strong relationship between obesity and 
hyperuricemia, sustained weight management repre-
sents one of the most effective non-pharmacological 
strategies for reducing cardiometabolic risk [7, 12].

Dietary approaches

Dietary interventions play a central role in the man-
agement of hyperuricemia. Current recommendations 
emphasize limiting the consumption of fructose-rich 
beverages, ultra-processed foods, and excessive intake 
of purine-rich foods, while encouraging balanced die-
tary patterns rich in vegetables, fruits, whole grains, 
and unsaturated fats [4, 11].

Particular attention has been directed toward re-
ducing fructose consumption because of its dual con-
tribution to both uric acid production and metabolic 
dysfunction. Such dietary modifications may simulta-
neously improve serum uric acid levels, body weight, 
and cardiometabolic risk factors [4, 12].

Uric acid-lowering therapy

Pharmacological urate-lowering therapy is well 
established for the treatment of gout and symptomatic 
hyperuricemia. However, its role in asymptomatic hy-
peruricemia remains controversial [17, 34].

Although several studies suggest potential cardi-
ovascular and metabolic benefits associated with uric 
acid reduction, current evidence remains insufficient 
to recommend routine urate-lowering therapy solely 
for cardiometabolic risk reduction in the absence of es-
tablished gout or other approved indications [2, 11, 16].

Effects of modern antidiabetic therapies 
on uric acid levels

Recent advances in diabetes management have 
revealed important interactions between antidiabet-
ic therapies and uric acid metabolism. Among con-
temporary glucose-lowering agents, sodium-glucose 
cotransporter 2 (SGLT2) inhibitors have consistently 
demonstrated uric acid-lowering effects in addition 
to their established glycemic, cardiovascular, and re-
nal benefits [3, 27]. The reduction in serum uric acid 
observed with SGLT2 inhibitors may contribute, at 
least partially, to their favorable cardiometabolic pro-
file. This observation further supports the concept 
that uric acid metabolism is closely integrated with-
in broader metabolic and cardiovascular pathways 
[3, 14, 27].
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As evidence continues to evolve, future therapeutic 
strategies may increasingly target both hyperglycemia 
and hyperuricemia as interconnected components of 
cardiometabolic disease.

Is hyperuricemia a marker or a mediator of 
cardiometabolic disease?

Whether hyperuricemia represents a marker of 
metabolic dysfunction or an active mediator of disease 
progression remains one of the key unresolved ques-
tions in cardiometabolic research [2, 32].

Elevated serum uric acid is strongly associated with 
obesity, insulin resistance, hypertension, type 2 diabe-
tes mellitus, and chronic kidney disease, supporting its 
role as a marker of adverse metabolic health [2, 10, 11]. 
At the same time, experimental studies and prospective 
cohorts suggest that uric acid may contribute to disease 
development through mechanisms involving oxidative 
stress, endothelial dysfunction, inflammation, and 
impaired insulin signaling, and may precede the onset 
of obesity, hypertension, and diabetes in some indi-
viduals [4, 8, 9].

Recent epidemiological evidence further indicates 
that serum uric acid may provide prognostic informa-
tion beyond traditional risk factors [5, 16, 24]. Howev-
er, definitive evidence that uric acid-lowering inter-
ventions independently reduce cardiometabolic events 
remains limited [2, 16].

Taken together, current data suggest that hype-
ruricemia occupies an intermediate position within 
the cardiometabolic continuum, functioning both as a 
marker of metabolic disturbance and a potential medi-
ator of disease progression. Clarifying its therapeutic 
significance remains an important objective for future 
research.

Future directions and research perspectives

Despite growing evidence linking hyperuricemia 
to cardiometabolic disease, important questions re-
main regarding its causal role and clinical significance. 
Although experimental and epidemiological studies 
support a pathogenic contribution of uric acid, defin-
itive evidence from large randomized clinical trials is 
still lacking [2, 4, 16].

Future research should focus on identifying popu-
lations most susceptible to the adverse effects of hyper-
uricemia, particularly according to obesity phenotype, 

visceral adiposity, liver function, sex, age, and associat-
ed metabolic disorders [7, 21, 25]. Further investigation 
is also needed into the complex interactions between 
hyperuricemia, T2DM, and non-alcoholic fatty liver 
disease, which appear to share common pathophysi-
ological pathways and frequently coexist in high-risk 
individuals [22, 26, 27].

The growing use of SGLT2 inhibitors and other 
modern metabolic therapies offers new opportunities 
to explore whether modulation of uric acid metabolism 
contributes to cardiovascular and renal protection [3, 
14, 27]. At the same time, integrated lifestyle approaches 
targeting obesity, fructose consumption, dietary inflam-
mation, and insulin resistance, together with advances 
in precision medicine, may help refine future risk strat-
ification and preventive strategies incorporating serum 
uric acid as a cardiometabolic marker [1, 12, 13, 30].

Conclusions

Hyperuricemia is increasingly recognized as an in-
tegral component of the cardiometabolic disease spec-
trum. Beyond its traditional association with gout, ele-
vated serum uric acid levels are consistently linked to 
obesity, insulin resistance, T2DM, hypertension, and 
cardiovascular disease.

Current evidence suggests that hyperuricemia 
functions both as a marker of adverse metabolic health 
and as a potential contributor to disease progression. 
Although the causal nature of these relationships re-
mains incompletely understood, serum uric acid ap-
pears to provide clinically relevant information re-
garding cardiometabolic risk. 

Consequently, hyperuricemia should no longer be 
viewed solely as a disorder of purine metabolism. Rath-
er, it represents an important element of the complex 
cardiometabolic continuum, warranting further inves-
tigation as a prognostic marker and potential therapeu-
tic target.
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