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ABSTRACT 

Background: Cardiometabolic diseases (CMD), including obesity, hypertension, and metabolic syndrome (MS), are 
increasingly prevalent in pediatric populations. Early identification of biomarkers associated with cardiometabolic risk is 
essential for effective prevention. Serum uric acid (UA), traditionally linked to gout and renal disease, has recently emerged 
as a potential marker and mediator of metabolic dysfunction. 
Aim: This systematic review aimed to evaluate the relationship between serum UA levels and cardiometabolic risk factors 
in children and adolescents and to determine whether UA functions as an independent risk factor or a biomarker of CMD. 
Methods: A systematic literature search was conducted using PubMed, ScienceDirect, and Google Scholar for studies 
published up to 2025. Keywords included “uric acid,” “children,” “adolescents,” “cardiometabolic risk,” “metabolic 
syndrome,” “obesity,” “insulin resistance,” and “hypertension.” Eligible studies included original research and reviews 
involving individuals aged 0–18 years. A qualitative analisys was performed focusing on associations between UA and 
specific cardiometabolic conditions. 
Results: Elevated UA levels were consistently associated with obesity, MS, hypertension, and early markers of 
atherosclerosis in children. UA showed strong correlations with body mass index and waist circumference and may help 
distinguish between metabolically healthy and unhealthy obesity phenotypes. Higher UA levels were also linked to primary 
hypertension and appeared to precede its development. Additionally, UA was associated with increased carotid intima–
media thickness, suggesting a role in early vascular changes. However, the strength of these associations was sometimes 
reduced after adjusting for confounding factors such as adiposity and insulin resistance. 
Conclusions: Serum UA is closely associated with multiple cardiometabolic risk factors in pediatric populations and may 
serve both as a biomarker and a potential contributor to early disease processes. Although its causal role remains uncertain, 
UA represents a promising, accessible marker for early risk stratification. Further longitudinal and interventional studies are 
needed to clarify its clinical utility and determine whether reducing UA levels can improve cardiometabolic outcomes in 
children. 
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Introduction 
Cardiometabolic diseases (CMD), including obesity, insulin resistance, hypertension (HT), 

dyslipidemia, and metabolic syndrome (MS), have become increasingly prevalent among children and 

adolescents worldwide. This alarming trend is largely attributed to lifestyle changes, including reduced 

physical activity and increased consumption of high-calorie, fructose-rich diets. Early onset of cardiometabolic 

abnormalities is associated with accelerated atherosclerosis and significantly increased risk of cardiovascular 

morbidity and mortality in adulthood. Therefore, identifying early biomarkers that can predict cardiometabolic 

risk in pediatric populations remains a key priority in preventive medicine. 

Serum uric acid (UA), the final product of purine metabolism, has traditionally been considered in the 

context of gout and renal disease. However, over the past two decades, UA has emerged as a potential marker 

and mediator of cardiometabolic dysfunction. Increasing evidence suggests that elevated UA levels are 

associated with obesity, insulin resistance, HT, and MS in both adults and children [1–4]. Importantly, pediatric 

studies indicate that these associations may appear early in life, even before overt metabolic disease develops. 

The pathophysiological mechanisms linking UA to CMD are complex and multifactorial. Experimental 

studies have shown that UA may induce oxidative stress, impair endothelial function, stimulate inflammatory 

pathways, and activate the renin–angiotensin system [5].  

Despite these findings, the role of UA in CMD remains controversial. Some researchers argue that 

hyperuricemia is merely a consequence of metabolic disturbances, particularly obesity and insulin resistance, 

rather than an independent causal factor [6].  

Although numerous studies have explored the association between UA and cardiometabolic risk factors 

in children, the findings are heterogeneous, and a comprehensive synthesis of the evidence is needed. 

The aim of this systematic review is to evaluate the relationship between serum UA and cardiometabolic 

risk factors in children and adolescents and to determine whether UA acts as an independent risk factor or a 

biomarker of CMD. 

Material and Methods of Research 
This study was conducted as a systematic review. The objective was to comprehensively evaluate the 

association between serum UA levels and cardiometabolic risk factors in pediatric populations. A structured 

literature search was performed using electronic databases, including PubMed, ScienceDirect, and Google 

Scholar. The search strategy included combinations of the following keywords: “uric acid,” “children,” 
“adolescents,” “cardiometabolic risk,” “metabolic syndrome,” “insulin resistance,” “obesity,” and 

“hypertension.” The search was limited to studies published up to the year 2026 and conducted in human 

populations. 

Articles published in English were included. To ensure a comprehensive overview of the topic, both 

original research studies and review articles were included. Inclusion criteria focused on studies primarily 

involving populations aged 0–18 with CMD. The focus was primarily on studies that analyzed UA levels in 

relation to specific medical conditions. The selected literature underwent a qualitative analysis, with an 

emphasis on identifying recurring themes, methodological approaches, and gaps in the current state of 

knowledge. 
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Metabolic syndrome 
MS is the coexistence of risk factors for the development of CMD and diabetes, such as abdominal 

obesity, elevated blood pressure, hyperlipidemia, and increased fasting blood glucose levels. In adults, MS is 

diagnosed when at least three of the following five criteria are present: increased waist circumference (WC) 

with a threshold based on reference organization guidelines; blood pressure ≥130/85 mmHg or ongoing 

antihypertensive treatment; fasting blood glucose ≥100 mg/dL or ongoing treatment for diabetes; triglycerides 

(TG) ≥150 mg/dL; high-density lipoprotein (HDL) cholesterol <40 mg/dL in men and <50 mg/dL in women, 

or ongoing treatment for dyslipidemia[27].  

Currently, there is no universally accepted definition of MS in children and adolescents. Diagnosis is 

made based on a combination of clinical presentation and laboratory findings. The diagnosis of MS in children 

also depends on the specific definition used, with higher prevalence rates observed when insulin is included 

and when pediatric-specific cutoff values for metabolic indicators are applied. The definition proposed by the 

International Diabetes Federation (IDF) identifies WC as the central component of the syndrome. Additionally, 

it serves as an independent predictor of insulin resistance, lipid levels, and blood pressure [28]. The ability to 

determine risk factors in children is based solely on age- and sex-specific thresholds, in which percentiles play 

a key role. MS is strongly associated with an increased risk of diabetes and CMD. Therefore, focusing on MS 
prevention in childhood is of great importance for health in adulthood. 

Recent studies in hypertensive pediatric populations suggest that UA may represent an additional 

nonclassical component of MS. In children and adolescents with HT, UA levels were significantly higher in 

patients with MS compared with those without MS (6.3 vs. 5.5 mg/dL), and UA concentrations increased 

progressively with the number of MS components present. These findings support the concept that 

hyperuricemia reflects the cumulative metabolic burden rather than an isolated biochemical abnormality [29].  

Importantly, incorporation of UA into MS definitions improved prediction of hypertension-mediated 

organ damage (HMOD), particularly left ventricular hypertrophy (LVH), suggesting that UA may enhance 

early cardiovascular risk stratification in HT children and adolescents [29]. 

Childhood obesity 
Excess adipose tissue in childhood and adolescence is a cause of early changes in metabolism, blood 

vessels, and organs, which may consequently lead to serious cardiometabolic complications, such as an 

increased risk of cardiovascular dysfunction, HT, dyslipidemia, and type 2 diabetes [7]. Since 1980, the 

proportion of children with overweight and obesity has increased by 47.1% [8]. Its multifactorial nature makes 

it a serious problem and a significant global public health challenge related to both treatment and prevention. 

Although recent studies from several countries worldwide suggest a stabilization in the prevalence of 

obesity, especially among younger children, its prevalence among adolescents continues to rise. Increasing 

evidence indicates that a subgroup of overweight and obese individuals, referred to as “metabolically healthy 

obesity” (MHO), appears to be less susceptible to the typical metabolic disorders associated with obesity. In 

contrast, individuals with metabolically unhealthy obesity (MUO) experience these disorders much more 

frequently [9]. MHO is characterized by a favorable metabolic profile, including preserved insulin sensitivity, 

increased physical activity, absence of MS criteria, low levels of inflammatory markers, and lower liver fat 

content [10]. These factors may differentiate individuals who are obese but metabolically healthy from those 

who exhibit metabolic disturbances. There are relatively few studies on MHO focusing on children and 

adolescents. The prevalence of MHO in children is highly variable, ranging from 6% to 75%, depending on 

the classification system used to define this condition [11]. Therefore, it is necessary to investigate the 
underlying mechanisms present in metabolically healthy and unhealthy individuals among those with 

overweight and obesity. 

Studies aimed at identifying new biomarkers may be helpful, as such indicators could become important 

tools for identifying future diseases, making accurate predictions, and planning preventive strategies. In recent 

years, many publications have reported serum UA levels as a marker for the occurrence of MS, type 2 diabetes, 

and cardiovascular events [12]. Moreover, it can be inferred that serum UA levels may serve as an indicator 

of the development of adverse cardiometabolic outcomes in obese children and adolescents. 

In a study conducted among 246 overweight or obese individuals and 212 normal weight aged 6 to 18 

years. Those without identified cardiovascular risk factors (fasting serum lipid levels, blood pressure, and 

glucose concentration) were classified as MHO. One-third of the participants, however, met at least one 
criterion for cardiovascular risk factors and were classified as MUO. The researchers concluded that serum 

UA levels may serve as an indicator of unhealthy obesity in adolescents [12]. 
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UA concentrations were significantly higher in children with overweight or obesity than in their peers 

with normal body weight. Similar conclusions were also drawn from a study in which UA levels were 

significantly correlated with WC- and body mass index (BMI)-standard deviations score (SDS) [13]. In fact, 

elevated UA levels may contribute to endothelial dysfunction by exerting antiproliferative effects on the 

endothelium and impairing nitric oxide production; consequently, they are associated with an increased risk of 

CMD [14]. 

In addition, elevated UA levels (>6.4 mg/dL) in adolescents with obesity have been shown to be 

significantly associated with hyperglycemia and hypertriglyceridemia. Prevalence of both of those conditions 

in this group was significantly higher even than in group with UA levels 5.21-6.4 mg/dL [30]. 

Childhood primary hypertension 
HT is one of the most common CMD, affecting nearly 25% of adults, and its prevalence increases with 

age. By significantly elevating the risk of myocardial infarction, congestive heart failure, stroke, peripheral 

arterial disease, and renal failure, it leads to increased morbidity and mortality [15]. 

Between 25% and 40% of adult patients with untreated HT have hyperuricemia (>6.5 mg/dL), and many 

others have serum UA levels in the upper normal range (5.0–6.5 mg/dL) [16]. Hyperuricemia is an independent 

risk factor for HT. Early HT is dependent on the renin–angiotensin system and nitric oxide pathways [17]; 

however, once preglomerular vascular changes occur, HT becomes driven by the kidneys, and lowering UA 

levels is no longer protective [18]. Preventing microvascular renal damage in childhood may therefore help 

reduce the incidence of HT later in life. 

HT is relatively uncommon in children and adolescents; however, elevated blood pressure in childhood 

is a strong predictor of HT in adulthood. Numerous studies have demonstrated HMOD, including LVH [19] 

and microalbuminuria [20], in many hypertensive children. Therefore, preventing the development of HT is 

one of the key strategies for reducing long-term morbidity. 

In children, HT is often secondary to renal, cardiovascular, or endocrine disorders. In some of cases, an 

underlying cause can be identified, however, in significant number of children, no cause is found, and primary 

HT (PH) is diagnosed. It is more likely in those with a significant family history of HT. Additionally, about 

half of children with PH are obese and almost always develop HT in adulthood [4]. Other sources indicate that 

these figures may be as high as 66.9% among patients with PH in the age group of 13 to 18 years [22]. 

UA may play a role in the early pathogenesis of PH. In a study of 125 children aged 6 to 18 years, serum 

UA levels were found to be directly correlated with blood pressure in previously untreated patients. Levels >5.5 

mg/dL were observed in as many as 89% of patients with PH. In contrast, elevated UA levels were found in 

only 30% of patients with secondary HT (SH) and were not observed in those with white-coat HT. These 

findings suggest that hyperuricemia in an adolescent evaluated for HT strongly indicates PH[4]. Based on the 

above study, it can be inferred that serum UA contributes to the development of HT. Elevated levels of UA 

are a known, independent predictive factor for the development of HT, preceding its onset. Furthermore, 

administration of UA in humans causes endothelial dysfunction and impairs vessel dilatation, which is one of 

the characteristic features of PH [21]. In children with SH, a similar level of UA was not observed, so it can 

be stated that it is not only a marker of HT but also its predictor.  

Among the conducted studies, a relationship can be observed between hyperuricemia as an independent 

predictor of HT. This is particularly evident in younger populations and is associated with the aforementioned 

vascular damage, including increased carotid intima-media thickness (cIMT) [3]. 

More recent large-cohort pediatric data confirmed that serum UA levels are significantly higher in PH 

compared with SH (5.6 vs. 4.7 mg/dL; p < 0.001). This difference was bigger, when only patietns with normal 
glomerular filtration rates (GFR) were compared (5.6 vs. 4.4 mg/dL; p < 0.001). UA concentrations above 4.8 

mg/dL were independently associated with PH together with obesity (BMI-SDS ≥ 1.65) and older age (>12.5 

years). In that study, UA levels >5.5 mg/dL were observed in 56% of patients with PH and in 15.7% of those 

with SH [22]. 

However, a difference between these two studies lies in the threshold of UA concentration considered 

significant. Obrycki Ł et al. demonstrated that a lower serum UA level (4.8 mg/dL) had the highest sensitivity 

and specificity in relation to its association with PH [22]. 
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Atherosclerotic vascular disease 
The relationship between hyperuricemia, MS, and atherosclerotic vascular disease has been well documented 

in adults; however, it has also been shown to occur in children [3]. cIMT is a marker of atherosclerosis and is directly 

associated with an increased risk of CMD [23]. The association between serum UA levels and atherosclerotic 

vascular disease may result from the indirect link between hyperuricemia and cardiovascular risk factors, or from 

the clustering of metabolic and hemodynamic risk factors known as MS [24]. 

Numerous studies indicate that UA stimulates the proliferation of vascular smooth muscle cells, which 

in turn leads to endothelial dysfunction. It has been demonstrated that UA reduces nitric oxide production in 

the endothelium and contributes to endothelial dysfunction and insulin resistance [25]. This promotes vascular 

inflammation and arterial damage. All of these factors contribute to an increased risk of atherosclerosis. 

In a study conducted by Pacifico L. et al. involving 120 obese children and 50 control participants, UA 

levels were found to be significantly higher in obese children compared to the control group. Additionally, 

associations with cardiovascular risk factors were observed. Based on the analyzed data, the authors concluded 

that elevated UA levels in obese children and adolescents were associated with carotid atherosclerosis [3]. 

Elevated coronary heart disease risk factors in children are associated with the early development of 

coronary artery calcifications. Moreover, the risk of premature death from coronary heart disease in adulthood 
is strongly linked to obesity during adolescence [26]. Therefore, early identification of individuals at risk is 

crucial from a public health perspective and for the implementation of preventive and therapeutic strategies. 

In summary, the demonstrated association between serum UA levels and carotid atherosclerosis in obese 

children supports the hypothesis that UA may play a role as a risk factor in the early stages of atherosclerosis. 

Discussion 
The present systematic review demonstrates a consistent and clinically meaningful association between 

elevated serum UA  levels and multiple components of CMD in children and adolescents, including obesity, 

MS, HT, and early atherosclerotic changes. Despite heterogeneity across studies in terms of design, population 

characteristics, and diagnostic criteria, the overall body of evidence supports the notion that UA is closely 

linked with an adverse metabolic profile from an early stage of life. 

A particularly strong relationship was observed between UA and obesity-related parameters. UA levels 

were consistently higher in children with overweight and obesity and showed positive correlations with BMI- 

and WC-SDS. Importantly, several studies suggest that UA may help differentiate between MHO and MUO. 

This distinction is clinically relevant, as children with MUO are at significantly higher risk of progressing to 

overt CMD. Therefore, UA may serve not only as a marker of adiposity but also as an indicator of metabolic 

impairment within obese pediatric populations. 

The association between UA and HT appears especially robust and may have important implications for 

early disease detection. Evidence indicates that elevated UA levels often precede the development of PH and 

are more strongly associated with primary than secondary forms of the condition. This supports the hypothesis 

that UA may play a contributory role in the early pathogenesis of HT rather than being solely a consequence 

of it. Proposed mechanisms, including endothelial dysfunction, reduced nitric oxide availability, oxidative 

stress, and activation of the renin–angiotensin system, provide biological plausibility for this relationship. 

Notably, the influence of UA may be more pronounced in early stages of disease, before irreversible vascular 

or renal damage occurs. 

In the context of MS, elevated UA levels are frequently associated with its individual components, such 

as dyslipidemia, insulin resistance, and central obesity. However, the absence of a universally accepted 

definition of MS in children limits comparability across studies and may contribute to variability in reported 

findings. This highlights the need for standardized pediatric criteria when evaluating cardiometabolic risk 

factors, including UA. 

The relationship between UA and early atherosclerotic changes further underscores its potential clinical 

importance. Studies demonstrating associations between UA and increased cIMT suggest that hyperuricemia 

may contribute to subclinical vascular damage in children. Given that early vascular alterations are predictive 

of future cardiovascular events, these findings raise concerns about the long-term implications of elevated UA 

levels beginning in childhood. 

Despite these consistent associations, the question of causality remains unresolved. Some studies report 

attenuation of the relationship between UA and CMD after adjusting for confounding factors such as BMI and 

insulin resistance, suggesting that UA may function primarily as a secondary marker. In contrast, experimental 
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and longitudinal evidence supports a more direct pathogenic role, particularly in early disease stages. It is 

therefore plausible that UA acts both as a biomarker and a mediator, with its role varying depending on the 

clinical context and progression of disease. 

Several limitations of the current evidence base should be acknowledged. The predominance of cross-

sectional studies limits causal inference, while variability in UA cutoff values and study methodologies reduces 

comparability. Additionally, important confounders, including dietary patterns (especially fructose intake), 

physical activity, genetic factors, and renal function, are not consistently accounted for. These gaps emphasize 

the need for well-designed prospective and interventional studies. 

From a clinical perspective, serum UA appears to be a promising, low-cost, and widely accessible 

biomarker that could enhance early identification of children at increased cardiometabolic risk. 

Conclusions 
Elevated serum UA levels are consistently associated with key components of CMD in children and 

adolescents, including obesity, MS, HT, and early atherosclerotic changes. The available evidence suggests 

that UA may play a dual role - as both a biomarker of underlying metabolic disturbances and a potential 

contributor to early pathophysiological processes. 

Although the causal nature of this relationship remains uncertain, the strong and recurrent associations 

observed across studies indicate that UA has significant potential in early risk stratification. Its utility may be 

particularly valuable in identifying high-risk individuals among obese children and those with elevated blood 

pressure. 

Future research should focus on longitudinal cohort studies and randomized controlled trials to clarify 

whether lowering UA levels can prevent or mitigate the development of CMD. Additionally, establishing 

standardized pediatric thresholds for hyperuricemia and incorporating UA into integrated risk assessment 

models may improve early detection and prevention strategies. 

In summary, serum UA represents a promising, factor in pediatric cardiometabolic health, warranting 

further investigation and cautious consideration in clinical practice. 
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