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Background: Overweight and obesity in children and adolescents have emerged as significant public health issues in China. This
study aims to analyze the characteristics of serum uric acid (SUA) metabolism in overweight and obese children and adolescents in
South China, exploring its associations with metabolic parameters.

Methods: A single-center retrospective study was conducted, involving children and adolescents aged 3 to 18 years diagnosed with
overweight and obesity. Spearman correlation coefficients were calculated to evaluate relationships between SUA and other metabolic
parameters. Multivariate linear regression analyses were conducted to adjust for confounders. Comparisons were made between
participants with hyperuricemia and those with normal SUA levels, and logistic regression analyses were conducted to adjust for
confounders. Hierarchical clustering was performed to explore the relationships among the parameters. A dendrogram was generated
to visualize the cluster structure.

Results: Among 172 participants (96 males, 76 females), the mean age was 10.88+2.70 years. The prevalence of hyperuricemia was
36.30%, with 38.46% in males and 33.82% in females. Every 1 kg/m? increase in body mass index was associated with a 7.156 pmol/L
increase in SUA and an 8.9% increase in hyperuricemia risk. Significant correlations were observed between SUA levels and insulin
resistance (HOMA-IR), fasting insulin, and high-density lipoprotein cholesterol. Hierarchical clustering analysis revealed two distinct
clusters. One cluster includes SUA along with insulin resistance and lipid metabolism parameters, while the other comprises obesity
metrics, urinary microalbumin, and blood glucose.

Conclusion: The findings show a high prevalence of hyperuricemia in overweight and obese children and adolescents, linked to
insulin resistance and dyslipidemia. These results highlight the need for early screening and targeted interventions to improve
metabolic health outcomes in this vulnerable population.
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Introduction

In recent decades, the global rate of childhood obesity has been steadily increasing. Obesity has become an increasingly
important global health epidemic for children and adolescents. In 2015, 107.7 million children worldwide were suffering from
obesity, with a global prevalence of 5.0%." Among the 20 most populous countries, the highest rate of childhood obesity was
in the United States at 12.7%, while China and India had the highest number of children with obesity.” In China, the prevalence
of overweight and obesity among children and adolescents aged 6—17 years was 11.1% and 7.9%, respectively, and 6.8% and
3.6% for children under 6 years of age,” which means that one in five children is overweight or obese. In recent years, the rates
of overweight and obesity among children have shown an increasing trend.* Obesity not only brings psychological pressure
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and inconvenience to children’s lives, but is also accompanied by hyperuricemia, dyslipidemia, hyperglycemia or insulin
resistance, and persistent hypertension, which have severe effects on various body systems, such as obesity-related glomer-
ulopathy, gout and kidney stones caused by hyperuricemia, chronic kidney disease, and renal failure.’

While hyperuricemia has traditionally been regarded as a laboratory abnormality with limited diagnostic value, recent
studies have illuminated its associations with serious health complications, prompting a reevaluation of its clinical
significance in pediatric populations.® Serum uric acid (SUA) levels typically increase with age, with notable differences
emerging between sexes around the onset of puberty.” The incidence of hyperuricemia in children increases with age,
mainly due to obesity and diet, and the prevalence of hyperuricemia in children with obesity is higher than in children of
normal weight.*'® The etiology of hyperuricemia in children is multifaceted, encompassing both chronic and acute
conditions. Chronic conditions such as obesity, metabolic syndrome, and genetic disorders are significant contributors.
Obesity, in particular, has emerged as a major risk factor for hyperuricemia,” with studies indicating a strong correlation
between elevated SUA levels and components of metabolic syndrome, including insulin resistance and dyslipidemia.'"*'?
Furthermore, hyperuricemia has been associated with increased risk factors for cardiovascular diseases,'® underscoring
the need for early detection and intervention.

Despite the increasing recognition of hyperuricemia as a significant health issue in children and adolescents, evidence
gaps remain regarding its mechanisms and associations with metabolic disorders. While existing studies have established
links between hyperuricemia, obesity, and components of metabolic syndrome, there is limited research focusing on the
clinical features and metabolic characteristics of hyperuricemia specifically in pediatric populations. Additionally, the
complexities of how uric acid metabolism interacts with different physiological parameters in overweight and obese
children remain poorly understood. Therefore, the objective of this study is to analyze the characteristics of uric acid
metabolism in overweight and obese children and adolescents in South China, examining its associations with metabolic
parameters, including insulin resistance and dyslipidemia.

Materials and Methods
Study Design and Population

This is a cross-sectional study conducted in China. The study population consists of all children and adolescents with
overweight and obesity who visited the outpatient clinic and were hospitalized for treatment at the Third Affiliated
Hospital of Sun Yat-sen University between April 2022 and March 2023.

The inclusion criteria for this clinical study were as follows: (1) participants must be aged between 3 and 18 years (=3
years and <18 years); (2) they must meet the criteria for overweight or obesity; and (3) they must fulfill the clinical
diagnostic criteria for simple obesity. Overweight and obesity were defined according to local guidelines.'* The sex- and
age-specific BMI reference cut-off points for overweight and obesity were based on studies and reference standards in
China for children aged 3 to 5 years'> and for those aged 6 to 18 years,'® respectively. Simple obesity was diagnosed
based on the following criteria: (1) a history of excessive or rapid weight gain; (2) excessive energy intake and
insufficient energy expenditure due to unhealthy lifestyle habits; (3) a medical history excluding obesity caused by
cranial trauma, cranial surgery, central nervous system infections, central nervous system inflammation, or central
nervous system degeneration; (4) a medical history excluding obesity related to antiepileptic drugs, antipsychotic
drugs, or corticosteroid medications; and (5) laboratory tests and examinations ruling out organic lesions. The exclusion
criteria for this study include secondary overweight and obesity resulting from factors such as medication use, endocrine
disorders, hypothalamic-pituitary disorders, and genetic syndromes. Additionally, individuals who have received urate-
lowering therapy for hyperuricemia will also be excluded from the study.

This study was approved by the Ethics Commiittee of the Third Affiliated Hospital of Sun Yat-Sen University (I12023-197-01).
As it utilized previously collected clinical data, there was no requirement for direct interaction with participants, and the study did
not impact their clinical care. The requirement for informed consent was waived due to the use of anonymized data, which does
not involve patient privacy. We ensured that the data was strictly de-identified to maintain confidentiality. This study was
conducted in accordance with the principles outlined in the Declaration of Helsinki.

2798 https: Diabetes, Metabolic Syndrome and Obesity 2025:18



Tang et al

Data Collection

Data were retrospectively collected from the hospital’s electronic medical record system, including age, sex, weight,
height, waist circumference, blood pressure, Tanner stage, SUA, urinary microalbumin, blood glucose, insulin,
C-peptide, low-density lipoprotein (LDL-C), high-density lipoprotein (HDL-C), follicle-stimulating hormone (FSH),
luteinizing hormone (LH), estradiol (E2), testosterone (T), dehydroepiandrosterone sulfate (DHEA), and bone age (BA).

Height, weight, waist circumference, and blood pressure were measured in the morning while the participants were in
a fasting state. Height measurements were taken without shoes, weight was recorded without clothing and shoes, and
waist circumference was measured without clothing.

Blood samples were obtained from the antecubital vein following an overnight fast of at least 8 hours and were
subsequently analyzed in the hospital’s clinical laboratory. Blood glucose levels were measured using the glucose oxidase
method. Insulin and C-peptide were assessed via the direct chemiluminescence method. SUA levels were determined
using the uricase method. HDL-C and LDL-C were measured using the direct method. LH, FSH, E2, and T were
analyzed through the chemiluminescent microparticle immunoassay method. Urinary microalbumin was measured using
the immunoturbidimetric method.

Calculations were performed as follows: BMI (kg/m?) = weight (kg) / height (m)?. Waist-height ratio (WHtR) = waist
circumference (cm) / height (cm). Difference between bone age and chronological age (ABA-CA, years) = bone age
(years) - chronological age (years). Homeostasis model assessment of insulin resistance (HOMA-IR) = fasting blood
glucose (FPG, mmol/L) X fasting insulin (Fins, pyU/mL) / 22.5. Homeostasis model assessment of B-cell function
(HOMA-B) = 20 x Fins (uU/mL) / (FPG [mmol/L] - 3.5).

Based on the literature,'” SUA levels were relatively stable in boys aged 3-9, 10-14, and 15-18 years, as well as in
girls aged 3-8, 9-14, and 15—18 years. These age groups correspond to the prepubertal, pubertal, and post-pubertal stages
in Chinese boys and girls. Therefore, age stratification was performed according to these classifications. In this study,
hyperuricemia was defined as SUA levels exceeding the reference values for the corresponding sex and age group:
405.7 pmol/L for boys aged 3-9 years, 519.1 umol/L for boys aged 10-14 years, 530.1 umol/L for boys aged 15-18
years, 403.6 umol/L for girls aged 3-8 years, 417.6 umol/L for girls aged 9—14 years, and 439 pmol/L for girls aged
15-18 years.!”

Statistical Analysis

All statistical analyses were performed using the R software (version 4.1.2). The normality of continuous variables was
assessed using QQ plots and density plots. Variables conforming to a normal distribution were presented as mean + SD
and compared using Welch Two Sample #-test. For variables that did not conform to a normal distribution, data were
expressed as median (interquartile range [IQR]), and comparisons were performed using the Wilcoxon rank sum test.
Categorical variables were presented as counts (%) and compared using Pearson’s Chi-squared test or Fisher’s exact test
as appropriate. Sex and age variables had no missing data, while analyses for other variables were conducted based on
available data without imputing missing values. All statistical tests were two-sided, and statistical significance was
established at P < 0.05.

Spearman correlation coefficients were calculated to evaluate the relationships between SUA and other physiological
parameters. Multivariate linear regression analyses were conducted to assess the associations after adjusting for confound-
ing factors of sex and age, taking into account interactions with sex. Regression coefficients for the physiological
parameters and their corresponding 95% confidence intervals (Cls) were reported. Additionally, multivariate logistic
regression analyses were performed to evaluate the association between hyperuricemia and other physiological parameters,
also adjusting for confounding factors of sex and age, taking into account interactions with sex. Odds ratios (ORs) for the
physiological parameters and their corresponding 95% ClIs were reported. Multicollinearity among the independent
variables was assessed using variance inflation factor (VIF) values. A threshold of 5 was used to identify potential
multicollinearity issues with the main effects. For physiological parameters with potential multicollinearity—C-P at
120 min and E2 for linear regression; WHtR and E2 for logistic regression—interaction terms were removed.
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For cluster analysis, each variable was scaled and centered to ensure comparability. Hierarchical cluster analysis was
conducted using complete linkage, which focuses on the maximum distance between elements in different clusters to
determine cluster formation. This method facilitates the identification of distinct groupings within the data. The resulting
dendrogram was used to visualize the cluster structure and assess the relationships among the variables.

Results

Characteristics of the Study Population

A total of 172 children and adolescents diagnosed with overweight and obesity were included in the study. The
characteristics of the study population are shown in Table 1. Among the participants, there were 96 males and 76
females, with an average age of 10.88 years (£2.70). The mean BMI was 26.77 + 4.90 kg/m? (2.77 + 0.80 SD). The mean
waist circumference was 83.53 + 11.84 cm, resulting in a mean WHtR of 0.56 + 0.05.

The SUA level was 404.50 umol/L (IQR: 340.25, 496.30), with levels of 428.90 umol/L (IQR: 341.75, 528.93) for
males and 386.55 umol/L (IQR: 342.75, 455.75) for females. Overall, 53 participants (36.30%) were classified as
hyperuricemic, including 30 males (38.46%) and 23 females (33.82%). We further analyzed the distributions in different
age groups. As shown in Figure 1, in Group 1 (ages 3—9 for males, 3—8 for females), the median SUA level for males was
372 umol/L (IQR: 329, 462), while for females it was 339 pmol/L (IQR: 286, 400). The prevalence of hyperuricemia in
this group was 41% for males and 18% for females. In Group 2 (ages 10-14 for males, 9-14 for females), males had
a median SUA of 429 umol/L (IQR: 365, 548), compared to 388 umol/L (IQR: 355, 458) in females, with hyperuricemia
rates of 34% for males and 36% for females. Group 3 (ages 15-18) exhibited the highest SUA levels, with males at
573 umol/L (IQR: 520, 616) and females at 496 umol/L (IQR: 418, 576), and a higher prevalence of hyperuricemia, at
57% for males and 67% for females.

Relationship Between Serum Uric Acid and Other Parameters

The relationship between SUA levels and various physiological parameters was assessed using Spearman correlation and
regression analysis, adjusting for age and sex. The results are summarized in Table 2. Significant correlations were found for
several parameters in both the Spearman correlation analysis and regression analysis. Notably, BMI showed a significant

Table | Characteristics of the Study Population

Characteristic Missing Overall Male Female
N =172 N =96 N =176
Age (years) 0 (0%) 10.88+2.70 10.82+2.62 10.95+2.82
3-9 for Male/3-8 for Female 55 (31.98%) 36 (37.50%) 19 (25.00%)
10—14 for Male/9—14 for Female 102 (59.30%) 52 (54.17%) 50 (65.79%)
15-18 15 (8.72%) 8 (8.33%) 7 (9:21%)
Height (cm) 0 (0%) 148.27+15.63 149.16x17.14 147.16%13.52
Weight (kg) 0 (0%) 60.39+20.26 62.38+22.77 57.87£16.37
BMI (kg/m2) 0 (0%) 26.77+4.90 27.27+5.67 26.13£3.66
BMI SDS 0 (0%) 2.77+0.80 2.67+0.85 2.89+0.72
Waist circumference (cm) 104 (60%) 83.53%11.84 86.13%£13.44 80.43+8.83
WHtR 104 (60%) 0.56+0.05 0.58+0.05 0.54+0.05
Bone age (years) 59 (34%) 12.18+2.96 12.1243.16 12.24+2.74
ABA-CA (years) 59 (34%) 1.34+1.70 I.16+2.12 1.56+1.00
Tanner stage 2 (1.2%)
| 52 (30.59%) 38 (39.58%) 14 (18.92%)
I 39 (22.94%) 30 (31.25%) 9 (12.16%)
1] 35 (20.59%) 12 (12.50%) 23 (31.08%)
v 29 (17.06%) 9 (9.38%) 20 (27.03%)
\% 15 (8.82%) 7 (7.29%) 8 (10.81%)
(Continued)
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Table 1 (Continued).

Characteristic Missing Overall Male Female

N =172 N =96 N=176
SUA (umol/L) 26 (15%) 404.50 (340.25, 496.30) | 428.90 (341.75, 528.93) | 386.55 (342.75, 455.75)
Hyperuricemia 26 (15%) 53 (36.30%) 30 (38.46%) 23 (33.82%)
Urinary microalbumin (mg/L) 60 (35%) 4.60 (1.78, 8.03) 3.70 (0.88, 6.68) 4.95 (2.49, 9.20)
Fins (mU/L) 24 (14%) 16.84 (11.62, 23.47) 17.18 (11.12, 23.31) 16.12 (11.67, 23.56)
Ins 120 min (mU/L) 27 (16%) 71.29 (34.77, 155.34) 69.85 (30.30, 155.34) 73.43 (46.20, 140.43)
FC-P (nmol/L) 29 (17%) 0.68 (0.53, 0.88) 0.67 (0.50, 0.92) 0.68 (0.57, 0.83)
C-P 120 min (nmol/L) 29 (17%) 2.51 (1.57, 3.45) 2.51 (1.45, 3.35) 251 (1.61, 3.53)
FPG (mmol/L) 27 (16%) 4.67 (447, 4.93) 4.69 (4.48, 4.95) 4.66 (4.45, 4.89)
PG 120 min (mmol/L) 27 (16%) 6.37 (5.82,7.12) 6.30 (5.81, 6.95) 6.47 (5.86, 7.60)
HOMA-IR 27 (16%) 5.10+14.83 6.14£20.24 3.93+£2.24
HOMA-B 27 (16%) 415.47+916.02 486.24+1,240.32 335.33%214.71
LDL-C (mmol/L) 25 (15%) 2.75+0.71 2.73+0.75 2.78+0.67
HDL-C (mmol/L) 28 (16%) 1.35£1.01 1.28+0.33 |.44+1.47
LH (mlU/mL) 33 (19%) 1.75 (0.18, 3.43) 1.47 (0.12, 2.94) 2.36 (0.23, 4.57)
FSH (mIU/mL) 32 (19%) 2.82 (1.39, 4.66) 2.39 (1.02, 3.94) 3.97 (1.89, 5.19)
E2 (pmol/L) 40 (23%) 55.50 (19.00, 116.75) 39.15 (19.00, 83.25) 84.00 (39.00, 154.50)
T (nmol/L) 38 (22%) 0.92 (0.48, 1.78) 1.15 (0.49, 6.57) 0.77 (0.48, 1.34)
DHEAs (umol/L) 59 (34%) 2.71 (1.61, 442) 2.92 (1.78, 5.46) 2.25 (1.42, 3.45)

Abbreviations: BMI, body mass index; SDS, standard deviation score; WHtR, waist-height ratio; ABA-CA, difference between bone age and chronological
age; SUA, serum uric acid; Fins, fasting insulin; Ins 120 min, insulin at OGTT 120 minutes; FC-P, fasting C-peptide; C-P 120 min, C-peptide at OGTT
120 minutes; FPG, fasting plasma glucose; PG 120 min, plasma glucose at OGTT 120 minutes; HOMA-IR, homeostasis model assessment of insulin resistance;
HOMA-f, homeostasis model assessment of B-cell function; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; LH,
luteinizing hormone; FSH, follicle-stimulating hormone; E2, estradiol; T, testosterone; DHEAs, dehydroepiandrosterone sulfate.

positive correlation with SUA levels (Spearman p = 0.353, P < 0.001), and regression analysis indicated an increase of
7.156 umol/L in SUA for each unit increase in BMI (95% CI: 2.900, 11.412, P = 0.001). Fins were positively correlated with
SUA (Spearman p = 0.207, P = 0.014), with regression results showing an increase of 3.272 umol/L in SUA for each unit
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Figure | Serum uric acid levels (a) and prevalence of hyperuricemia (b) by age group and sex. The box plots on the left (a) display the distribution of serum uric acid levels
for males (blue) and females (red) across three age groups: Group | (ages 3-9 for males, 3-8 for females), Group 2 (ages 10—14 for males, 9-14 for females), and Group 3
(ages 15—18). The bars on the right (b) illustrate the percentage of participants with hyperuricemia in each age group.

Abbreviation: SUA, serum uric acid.
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Table 2 Relationship Between Serum Uric Acid Levels and Other Parameters

Characteristic Population | Spearman Correlation Regression
p P-Value Coefficient (95% CI) P-Value
BMI (kg/m2) Overall 0.353 <0.001 7.156 (2.900, 11.412) 0.001
WHtR Overall 0.080 0.593 486.665 (—537.716, 1,511.046) 0.343
Fins (mU/L) Overall 0.207 0.014 3.272 (1.155, 5.388) 0.003
Ins 120 min (mU/L) Overall 0.140 0.103 0.136 (—0.086, 0.359) 0.229
FC-P (nmol/L) Overall 0.237 0.006 —3.006 (—20.039, 14.027) 0.728
C-P 120 min (nmol/L) Overall 0.179 0.038 —0.045 (—0.340, 0.250) 0.763
FPG (mmol/L) Overall —0.032 0.713 8.680 (—51.808, 69.169) 0.777
PG 120 min (mmol/L) Overall 0.059 0.497 1.061 (—14.811, 16.933) 0.895
HOMA-IR Overall 0.233 0.006 14.598 (4.924, 24.271) 0.003
HOMA-B Overall 0.225 0.008 0.065 (—0.028, 0.157) 0.169
LDL-C (mmol/L) Overall 0.215 0.011 22.559 (—9.265, 54.383) 0.163
HDL-C (mmol/L) Overall —0.290 <0.001 —121.018 (—192.136, —49.899) 0.001
LH (mlU/mL) Overall 13.780 (0.667, 26.892) 0.040
Male 0.514 <0.001
Female 0.361 0.004
FSH (mIU/mL) Overall 9.033 (—5.465, 23.531) 0.220
Male 0.331 0.006
Female 0.230 0.073
E2 (pmol/L) Overall —0.016 (—0.225, 0.193) 0.879
Male 0.406 <0.001
Female 0.122 0.352
T (nmol/L) Overall 4.582 (-0.697, 9.862) 0.088
Male 0.547 <0.001
Female 0.234 0.074
DHEAs (umol/L) Overall 0.329 (—2.225, 2.884) 0.799
Male 0.242 0.062
Female —0.007 0.962

Abbreviations: BMI, body mass index; WHtR, waist-height ratio; ABA-CA, difference between bone age and chronological age; Fins,
fasting insulin; Ins 120 min, insulin at OGTT 120 minutes; FC-P, fasting C-peptide; C-P 120 min, C-peptide at OGTT |20 minutes; FPG,
fasting plasma glucose; PG 120 min, plasma glucose at OGTT 120 minutes; HOMA-IR, homeostasis model assessment of insulin
resistance; HOMA-, homeostasis model assessment of B-cell function; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol; LH, luteinizing hormone; FSH, follicle-stimulating hormone; E2, estradiol; T, testosterone; DHEASs,
dehydroepiandrosterone sulfate.

increase in Fins (95% CI: 1.155, 5.388, P = 0.003). HOMA-IR also demonstrated a positive correlation (Spearman p = 0.233,
P =0.006), and regression analysis revealed an increase of 14.598 umol/L in SUA for each unit increase in HOMA-IR (95%
CI: 4.924, 24.271, P = 0.003). Conversely, HDL-C exhibited a significant negative correlation with SUA levels (Spearman
p = —0.290, P < 0.001), with regression analysis indicating that SUA levels decreased by 121.018 umol/L for each unit
increase in HDL-C (95% CI: —192.136,—49.899, P =0.001). LH showed a positive correlation with SUA levels in both males
and females, even after adjusting for age and sex. Several parameters, including FC-P, C-P 120 min, HOMA-, and LDL-C,
demonstrated significant correlations in the Spearman analysis but did not maintain significance in the regression model after
adjustments. Additionally, some correlations appeared to be sex-specific; for instance, FSH, E2, and T were positively
correlated with SUA levels in males but not in females.

Relationship Between Hyperuricemia and Other Parameters

The relationship between hyperuricemia and various physiological parameters was assessed using logistic regression,
adjusting for age and sex. The results are summarized in Table 3. Significant associations were identified for several
parameters in both the comparison of groups and the regression analysis. BMI was higher in individuals with hyperuricemia
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Table 3 Relationship Between Hyperuricemia and Other Parameters

Characteristic Population Comparison Regression
Normal SUA Hyperuricemia P-Value | Odds Ratio (95% CI) | P-Value
BMI (kg/m2) Overall 26.10+4.42 28.27+5.40 0.015 1.089 (0.995, 1.210) 0.079
WHtR Overall 0.56+0.05 0.56+0.06 0.902 378.282 0.420
(0.000, 992,986,790.065)
ABA-CA (years) Overall 1.35+1.03 1.15%2.61 0.662 1.048 (0.810, 1.381) 0.711
Fins (mU/L) Overall 15.00 (11.63, 20.46) 19.85 (11.33, 27.76) 0.056 1.067 (1.009, 1.144) 0.044
Ins 120 min (mU/L) Overall 69.85 (33.54, 136.85) | 100.09 (50.24, 185.68) 0.094 1.004 (1.000, 1.010) 0.064
FC-P (nmol/L) Overall 0.61 (0.51, 0.80) 0.80 (0.58, 1.07) <0.001 1.023 (0.700, 1.523) 0.892
C-P 120 min (nmol/L) | Overall 2.24 (147, 3.38) 3.02 (2.12, 4.14) 0.022 0.990 (NA, 1.019) 0.628
FPG (mmol/L) Overall 4.61 (4.48, 4.94) 471 (442, 4.85) 0.969 2.052 (0.599, 7.941) 0.269
PG 120 min (mmol/L) | Overall 6.37 (5.84,7.12) 6.47 (5.85, 7.64) 0.539 1.163 (0.843, 1.707) 0.388
HOMA-IR Overall 3.48%1.92 4.61+2.95 0.02 1.429 (1.086, 2.012) 0.024
HOMA-f Overall 314.57+233.03 392.47+249.32 0.078 1.001 (0.999, 1.002) 0.551
LDL-C (mmol/L) Overall 2.63+0.68 2.97+0.75 0.012 1.831 (0.954, 3.751) 0.078
HDL-C (mmol/L) Overall 1.48+1.27 1.17£0.35 0.038 0.078 (0.008, 0.527) 0.016
LH (mIU/mL) Overall 1.014 (0.753, 1.328) 0.921
Male 1.21 (0.10, 2.59) 2.80 (1.38, 3.20) 0.092
Female 1.24 (0.19, 3.59) 3.43 (0.98, 4.75) 0.11
FSH (mIU/mL) Overall 0.909 (0.663, 1.218) 0.531
Male 2.39 (1.00, 3.96) 2.38 (1.74, 3.75) 0.707
Female 2.82 (1.31, 5.10) 4.07 (2.94, 5.27) 0.128
E2 (pmol/L) Overall 1.000 (0.995, 1.004) 0.969
Male 37.00 (19.00, 67.50) 53.50 (19.00, 118.25) 0.148
Female 76.50 (39.50, 138.50) | 80.50 (27.25, 157.50) 0.933
T (nmol/L) Overall 0.949 (0.787, 1.023) 0.474
Male 0.71 (0.47, 2.89) 5.01 (1.12, 8.11) 0.023
Female 0.66 (0.48, 1.10) 1.07 (0.47, 1.57) 0.334
DHEAs (umol/L) Overall 1.078 (0.970, 1.217) 0.186
Male 3.53 (1.92, 6.08) 2.85 (1.66, 4.92) 0.39
Female 2.25 (1.44, 3.39) 2.29 (1.14, 3.85) 0.884

Abbreviations: SUA, serum

uric acid; Cl, confidence interval; BMI, body mass index; WHtR, waist-height ratio; ABA-CA, difference between bone age and
chronological age; Fins, fasting insulin; Ins 120 min, insulin at OGTT 120 minutes; FC-P, fasting C-peptide; C-P 120 min, C-peptide at OGTT 120 minutes; FPG, fasting
plasma glucose; PG 120 min, plasma glucose at OGTT 120 minutes; HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-f3, homeostasis model
assessment of fB-cell function; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; LH, luteinizing hormone; FSH, follicle-

stimulating hormone; E2, estradiol; T, testosterone; DHEAs, dehydroepiandrosterone sulfate.

compared to those with normal SUA levels (28.27 £ 5.40 vs 26.10 = 4.42, P = 0.015), with an OR of 1.089 (95% CI: 0.995,
1.210, P = 0.079). Fins also showed a trend toward higher levels in the hyperuricemia group (19.85 [11.33, 27.76] vs 15.00
[11.63, 20.46], P = 0.056), with regression results indicating an OR of 1.067 (95% CI: 1.009, 1.144, P = 0.044). HOMA-IR
demonstrated a significant association with hyperuricemia (4.61 = 2.95 vs 3.48 + 1.92, P = 0.02), revealing an OR of 1.429
(95% CI: 1.086, 2.012, P = 0.024). Conversely, HDL-C levels were significantly lower in individuals with hyperuricemia
(1.17£0.35 vs 1.48 £ 1.27, P = 0.038), with an OR of 0.078 (95% CI: 0.008, 0.527, P = 0.016), indicating a protective effect
against hyperuricemia. Hormonal parameters, such as LH, FSH, and E2, did not show significant associations; however,
T levels were significantly elevated in males with hyperuricemia (5.01 [1.12, 8.11] vs 0.71 [0.47, 2.89], P = 0.023).

Hierarchical Clustering of Serum Uric Acid and Other Parameters

Hierarchical clustering was utilized to explore the similarity between SUA, urinary microalbumin, and various physio-
logical parameters. The results are presented in Figure 2. The analysis revealed two distinct clusters. The first cluster
includes SUA along with several metabolic indicators: HOMA-B, Fins, HOMA-IR, FC-P, LDL-C, ABA-CA, C-P at
120 min, and HDL-C. This grouping indicates an interrelationship among these parameters, suggesting a close link
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Figure 2 Hierarchical clustering of hyperuricemia and associated parameters. The dendrogram illustrates the similarity between hyperuricemia and various physiological
parameters based on hierarchical clustering analysis. Two distinct clusters were identified, denoted with red and blue.

Abbreviations: BMI, body mass index; WHtR, waist-height ratio; ABA-CA, difference between bone age and chronological age; Fins, fasting insulin; Ins 120 min, insulin at
OGTT 120 minutes; FC-P, fasting C-peptide; C-P 120 min, C-peptide at OGTT 120 minutes; FPG, fasting plasma glucose; PG 120 min, plasma glucose at OGTT 120 minutes;
HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-, homeostasis model assessment of B-cell function; LDL-C, low-density lipoprotein cholesterol;
HDL-C, high-density lipoprotein cholesterol.

between hyperuricemia, insulin resistance, and lipid metabolism. The second cluster comprises PG 120 min, Ins 120 min,
WHtR, BMI, urinary microalbumin, and FPG. Notably, BMI and WHtR are included in this cluster, reflecting
a relationship between obesity metrics and metabolic dysfunction.

Discussion

This study provides valuable insights into the clinical characteristics of uric acid metabolism in overweight and obese
children and adolescents in South China. Our findings reveal a significant prevalence of hyperuricemia (36.30%) among
the participants, with a notable association between SUA levels and various metabolic parameters, including BMI,
insulin resistance, and lipid profiles. These results underscore the multifaceted relationship between uric acid metabolism
and metabolic disorders in pediatric populations.

Currently, there is no unified diagnostic standard for hyperuricemia in children and adolescents either in China or
internationally, with many studies extrapolating adult thresholds (eg, >420 umol/L for males and >360 pmol/L for
females) to pediatric populations. However, physiological variations in SUA levels during childhood—influenced by age,
sex, and pubertal development—render adult-based cutoffs inappropriate for this demographic. To address this limitation,
our study adopted age- and sex-specific reference values derived from a large-sample cohort of children aged 5-14 years
in Eastern China,'” further stratified by prepubertal, pubertal, and post-pubertal stages. This approach aligns with the
physiological characteristics of pediatric populations and provides a more accurate assessment of uric acid metabolism in
overweight and obese children. By employing these tailored criteria, our findings better reflect the true burden of
hyperuricemia in this vulnerable group, strengthening the clinical relevance of our results.

The positive correlation between SUA levels and BMI in our study aligns with existing literature, which has consistently
identified obesity as a major contributor to hyperuricemia [9]. As obesity rates continue to rise globally, understanding the
mechanisms linking excess body weight to elevated uric acid levels becomes increasingly critical. The pathophysiological
mechanisms underlying this relationship may involve increased production of uric acid due to enhanced turnover of purine
nucleotides in adipose tissue,'® as well as decreased renal clearance of uric acid associated with obesity-related renal
impairment.'’

Moreover, the significant association between hyperuricemia and insulin resistance, as indicated by HOMA-IR values,
agrees with previous findings that elevated SUA may serve as a marker of metabolic dysfunction in this population.'*° The

2804 https: Diabetes, Metabolic Syndrome and Obesity 2025:18



Tang et al

role of uric acid in insulin resistance is particularly noteworthy; it has been proposed that hyperuricemia may impair
endothelial function and promote inflammation, thereby exacerbating insulin resistance.?'** This finding highlights the
need for further investigation into the potential of SUA as a therapeutic target in preventing the progression of metabolic
syndrome in children.

Our results also indicate a link between hyperuricemia and dyslipidemia, with lower levels of HDL-C observed in
hyperuricemic individuals. This relationship is consistent with previous studies that have shown dyslipidemia to be prevalent
in obese children and adolescents with hyperuricemia.'' The interplay between uric acid, lipid metabolism, and cardiovascular
risk factors underscores the importance of a holistic approach in managing obesity-related health issues in pediatric patients.

Interestingly, our findings also suggest sex-specific differences in the relationship between SUA and metabolic para-
meters. Notably, boys exhibited a higher prevalence of hyperuricemia compared to girls, and significant correlations between
SUA levels and hormonal parameters were observed only in boys. This raises important questions regarding the role of sex
hormones in modulating uric acid metabolism and its associated risks, particularly during key developmental periods.

The hierarchical cluster analysis conducted in this study revealed two distinct clusters, elucidating the interrelationships
among SUA, insulin resistance, and other metabolic indicators. The first cluster, which included SUA alongside fasting
insulin, HOMA-IR, and lipid parameters, suggests a close association between hyperuricemia and metabolic dysfunction. This
finding indicates that hyperuricemia may not only be a consequence of obesity but also a contributing factor to the
development of insulin resistance and dyslipidemia. The second cluster, encompassing various obesity metrics, urinary
microalbumin, and blood glucose parameters, further illustrates the interconnectedness of these health issues. By identifying
these clusters, our study provides a framework for understanding the complex metabolic landscape in overweight and obese
children and highlights the need for targeted interventions that address multiple facets of health simultaneously.

Given the high prevalence of hyperuricemia and its associations with metabolic abnormalities,*® early screening and
intervention strategies are essential. Lifestyle modifications aimed at weight reduction should be prioritized, as studies
have shown that weight loss can lead to significant reductions in SUA levels.'®** Moreover, healthcare providers should
consider the broader metabolic profile of overweight and obese children, emphasizing the prevention of comorbid
conditions such as hypertension, insulin resistance, and dyslipidemia.

We are aware that the study has several limitations. The retrospective design may introduce biases related to data
collection and reliance on existing medical records, potentially impacting the accuracy of the collected data. Additionally,
the study was conducted at a single center, which may limit the generalizability of the results to broader populations. The
sample size, while adequate for preliminary analysis, may not be sufficient to capture the full spectrum of metabolic
variations across different demographics. Future research should consider larger, multicenter studies to validate these
findings and explore the broader implications of hyperuricemia in diverse pediatric populations.

Conclusion

This study underscores the considerable prevalence of hyperuricemia among overweight and obese children and
adolescents in South China, along with its associations with insulin resistance and dyslipidemia. These findings position
hyperuricemia as a potential marker for metabolic dysfunction, highlighting the necessity for early screening and
intervention in this demographic. It is essential for healthcare providers to acknowledge the significance of hyperuricemia
in pediatric populations. By prioritizing timely diagnosis and effective interventions, we can improve the quality of life
for affected children and reduce their future health risks.
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