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Purpose: To investigate the relationship between serum uric acid (SUA) levels and bone mineral density (BMD) in children with 
obesity.
Methods: 229 children with obesity were included in the study, and their blood SUA, fasting plasma glucose (FPG), glycosylated 
hemoglobin (HbAlc), calcium (Ca), phosphorus (P), 25-hydroxyvitamin D (25(OH)D) and other indicators were measured. Distal 
forearm BMD was assessed at the radius and ulna. Differences in these indicators were compared across different genders and age 
groups.
Results: BMD showed significant differences between genders and age groups. The BMD Z-score in the 6–9 years group was higher 
than that in the 10–12 years group for both boys (−0.13 ± 0.92 vs −1.27 ± 0.62, p = 0.000) and girls (0.68 ± 0.96 vs −0.03 ± 0.73, p = 
0.001). Serum SUA levels in the 6–9 years group were lower than those in the 10–12 years group for both boys (345.9 ± 65.7 vs 
415.39 ± 74.02, p = 0.000) and girls (338.33 ± 63.33 vs 368.61 ± 75.45, p = 0.047). SUA was negatively correlated with BMD in all 
age groups of boys and in the 6–9 years group of girls (p<0.05). Multiple linear regression analysis showed that after controlling for 
other factors affecting BMD, SUA remained significantly negatively correlated with BMD Z-scores (p < 0.001).
Conclusion: SUA is negatively correlated with BMD in children with obesity and is an independent factor affecting BMD. It may 
serve as a potential predictor of BMD in children with obesity.
Keywords: bone mineral density, child, obesity, serum uric acid

Introduction
In recent years, with the prevalence of childhood obesity increasing, obesity and its associated complications have 
become a major global public health challenge, which has attracted extensive attention from researchers and healthcare 
professionals.1,2 Studies have shown that obesity may have an impact on bone development in children, significantly 
increasing the risk of osteoporosis and fractures.3,4 In addition, studies in adults have revealed associations between 
metabolic markers and bone health, emphasizing the importance of monitoring these metabolic markers for early 
screening and intervention in high-risk groups, including obesity.5,6

Although previous studies have explored the relationship between obesity and bone mineral density (BMD), most 
have focused on conventional metabolic indicators such as body mass index (BMI), insulin resistance, and vitamin 
D levels. Notably, the prevalence of hyperuricemia (HUA) has been rising among Chinese children and adolescents, 
particularly in those with obesity.7–9 While adult studies have established a clear link between HUA and abnormal bone 
metabolism, the relationship between serum uric acid (SUA) levels and BMD in children with obesity remains 
unelucidated, especially in China.10,11 Building upon evidence from adult research, we hypothesize that BMD in children 
with obesity may correlate with SUA levels, and that HUA could serve as a predictive marker for abnormal bone density. 
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This study therefore aims to elucidate the SUA-BMD relationship in children with obesity, with the goal of identifying 
early risk markers for compromised bone strength during childhood.

Subjects and Methods
Study Population
A total of 229 children with obesity aged 6–12 years who visited the pediatric department of Beijing Jishuitan Hospital, 
Capital Medical University, from December 2018 to December 2022 were included in this study. Among them, 132 were 
boys with a mean age of 9.68 ± 1.87 years, and 97 were girls with a mean age of 8.88 ± 1.68 years. Informed consent was 
obtained from the guardians of all participants, and the study was approved by the Ethics Committee of Beijing Jishuitan 
Hospital l, Capital Medical University (Approval No. 201808–03).

Inclusion Criteria: The inclusion criteria for obesity were based on the BMI cutoff points for screening overweight 
and obesity in children aged 2–18 years.12

Exclusion Criteria: 1) Children with liver or kidney dysfunction; 2) Children with endocrine or metabolic diseases, 
autoimmune diseases, or other conditions that may affect bone metabolism; 3) Children with a history of drug or toxin 
exposure; 4) Children with secondary obesity caused by other factors.

Clinical Data Collection
Basic Information
This included gender, age, height, weight, body mass index (BMI), and medical history.

Laboratory Testing
After fasting for 12 hours, 5 mL of venous blood was collected from each participant and analyzed by the Clinical 
Laboratory of Beijing Jishuitan Hospital, Capital Medical University. SUA, fasting plasma blood glucose (FPG), calcium 
(Ca), phosphorus (P), total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), and high- 
density lipoprotein cholesterol (HDL-C), alkaline phosphatase (ALP) were measured using the colorimetric method. 
Fasting insulin (FIN) was measured using a chemiluminescence assay on a Hitachi 7600 automated biochemical 
analyzer. 25-hydroxyvitamin D (25(OH)D) levels were determined using liquid chromatography-tandem mass spectro
metry, with testing performed by Hehe Medical Diagnostics.

BMD Measurement
In this study, BMD was assessed using dual-energy X-ray absorptiometry (DXA). All measurements were performed 
independently by a single technician, with daily quality control procedures. BMD was measured by using an EXA-3000 
X-ray densitometer (OsteoSys). DXA measurements can be influenced by factors such as body fat content and 
positioning artifacts.13 For example, conventional lumbar spine measurements may produce falsely elevated BMD values 
due to abdominal fat attenuation, and mechanical loading adaptations may obscure underlying metabolic bone abnorm
alities, limiting their applicability in children with obesity. In contrast, the distal radius and ulna offer several advantages: 
minimal soft tissue interference, lower dependency on positioning, and greater sensitivity to early metabolic changes due 
to their high trabecular bone content.14,15 Therefore, the distal forearm (radius and ulna) was selected as the site for BMD 
measurement in this study. The obtained BMD values were compared with age- and sex-matched reference data from 
healthy children to derive BMD Z-scores.

Methods
Considering the developmental differences in children of different genders and ages during the school-age period, this 
study adopted a stratified analysis to explore the relationship between metabolic indicators and bone health in different 
subgroups:

1. Participants were first grouped by gender to analyze differences in metabolic indicators, BMD, and other bone 
turnover markers between boys and girls.
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2. Correlations between metabolic indicators, BMD, and other bone turnover markers were evaluated.
3. The distribution of metabolic indicators across different genders and ages was analyzed, and the relationship 

between these indicators and BMD in different subgroups was explored.
4. Finally, multivariate linear regression models were used to assess the effects of SUA on BMD.

Sample Size Calculation
The sample size for this study was calculated using G*Power 3.1.9.7. Given that the primary objective was to evaluate 
the independent predictive effect of SUA on BMD, a multiple linear regression model was selected as the basis for the 
calculation. The parameters were set as follows: medium effect size (f2 = 0.15), significance level (α) of 0.05, and 
statistical power (1–β) of 0.80. Based on these settings, the minimum required sample size was determined to be 77 
participants.

Statistical Analysis
Statistical analysis was performed using SPSS 26.0, and GraphPad Prism 10.1.2 was used for plotting. Continuous 
variables were expressed as mean ± standard deviation (�x� s). Normality was assessed using P-P plots, and homogeneity 
of variance was tested. Differences between two groups were analyzed using t-tests. Pearson correlation analysis was 
applied for normally distributed data, while Spearman correlation analysis was used for non-normally distributed data. 
Multivariate linear regression was conducted to determine the relationship between uric acid and BMD. A P-value < 0.05 
was considered statistically significant.

Result
Comparison of Metabolic and Bone Health Indicators between Boys and Girls
Boys had significantly higher levels of BMI, SUA and ALP compared to girls (P < 0.05). The bone density Z-scores were 
significantly lower in boys than girls (P < 0.05). No significant differences were observed in other indicators between 
boys and girls (Table 1).

Table 1 Comparison of Metabolic Indicators and Bone Health- 
Related Parameters Between Obese Boys and Girls

Indicator Boys Girls t p

Age 9.68±1.87 8.88±1.68 3.333 0.001**
BMI 25.88±3.82 23.60±3.71 4.525 0.000**

SUA (umol/L) 376.96±77.47 347.07±68.06 3.035 0.003**

HbAlc/ % 5.45±0.23 5.44±0.30 0.231 0.818
FIN/ (mU/L) 24.05±17.81 24.27±21.59 −0.086 0.932

FPG/ (mmol/ L) 5.00±0.41 4.98±0.41 0.223 0.823

TC/ (mmol/ L) 4.47±0.75 4.48±0.76 −0.110 0.913
TG/ (mmol/ L) 1.21±0.53 1.20±0.64 0.186 0.852

HDL-C/ (mmol/ L) 1.41±0.28 1.38±0.26 0.746 0.456

LDL-C/ (mmol/ L) 2.59±0.64 2.60±0.66 −0.135 0.892
BMD (g/cm2) 0.27±0.04 0.27±0.04 −0.226 0.821

Z score −0.64±0.98 0.47±0.95 −8.595 0.000**

25(OH)D/ (ng/mL) 20.39±7.08 20.39±7.30 0.010 0.992
Ca/ (mmol/ L) 2.45±0.08 2.44±0.08 0.500 0.618

P/ (mmol/ L) 1.60±0.15 1.62±0.18 −1.050 0.295

ALP/ (U/ L) 262.45±61.18 245.49±66.03 2.003 0.046*

Notes: *P<0.05; **P<0.01. 
Abbreviations: SUA, serum uric acid, BMD, bone mineral density, FPG, fasting plasma 
glucose, HbAlc, glycosylated hemoglobin, Ca, calcium, P, phosphorus, ALP, alkaline 
phosphatase, 25(OH)D, 25-hydroxyvitamin D, BMI, body mass index, TC, total choles
terol, TG, triglycerides, LDL-C, low-density lipoprotein cholesterol, HDL-C, high- 
density lipoprotein cholesterol, FIN, fasting insulin.
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Correlation between Metabolic Indicators and Bone Health Indicators
In boys, SUA, BMI, HbA1c, FIN, and TG were negatively correlated with Z scores, with statistically significant results 
(P < 0.05). HDL-C showed a positive correlation with Z scores, which was also statistically significant (P < 0.05). In 
girls, only SUA and BMI were negatively correlated with Z scores with statistical significance (P < 0.05). The details 
show in Table 2.

In boys, BMI, FIN, and TG were correlated with three bone health related indicators, showing more correlations than 
other metabolic indicators. In girls, BMI and age were correlated with three bone health related indicators, while SUA 
was correlated with two bone health related indicators, showing more correlations than other indicators. The details show 
in Table 2.

Age Differences in Metabolic and Bone Health Indicators
Based on developmental characteristics, the participants were divided into two age groups: 6–9 years group with 73 boys 
and 69 girls, and 10–12 years group with 59 boys and 28 girls. There were statistically significant differences in the 
distribution of gender and age groups (χ² = 5.948, p = 0.015).

In the 6–9 years group, Z score was significantly higher than in the 10–12 years group for both boys (−0.13 ± 0.92 vs 
−1.27 ± 0.62, p = 0.000) and girls (0.68 ± 0.96 vs −0.03 ± 0.73, p = 0.001). Conversely, SUA showed an opposite trend, 
with lower levels in the 6–9 years group compared to the 10–12 years group for both boys (345.9 ± 65.7 vs 415.39 ± 
74.02, p = 0.000) and girls (338.33 ± 63.33 vs 368.61 ± 75.45, p = 0.047). See Figure 1 for details.

Table 2 Correlation Analysis of Metabolic Indicators with Bone Health-Related Parameters in 
Children with Obesity by Gender

Z score 25(OH)D ALP Ca P

r p r p r p r p r p

Boys

Age −0.778 0.000** −0.194 0.026* 0.072 0.413 −0.031 0.721 0.128 0.144

SUA −0.523 0.000** −0.072 0.412 0.028 0.754 0.231 0.008** 0.035 0.692
BMI −0.380 0.000** −0.264 0.002** −0.005 0.956 0.182 0.037* 0.112 0.203

HbAlc −0.186 0.033* −0.081 0.356 −0.054 0.541 0.168 0.055 −0.023 0.793

FIN −0.304 0.000** −0.105 0.229 0.196 0.024* 0.072 0.41 0.175 0.044*
FPG −0.147 0.092 −0.029 0.739 −0.107 0.223 −0.066 0.452 0.012 0.895

TC 0.016 0.860 0.019 0.833 0.174 0.046* 0.053 0.546 −0.185 0.034*

TG −0.200 0.022* −0.001 0.992 0.173 0.047* 0.281 0.001** 0.021 0.812
HDL-C 0.276 0.001** 0.134 0.126 0.109 0.214 −0.116 0.184 −0.078 0.376

LDL-C −0.083 0.344 −0.056 0.524 0.071 0.415 0.035 0.694 −0.120 0.171

Girls

Age −0.506 0.000** −0.378 0.000** −0.121 0.239 −0.044 0.671 −0.279 0.006**

SUA −0.261 0.010** −0.103 0.316 −0.097 0.344 0.292 0.004** 0.005 0.963
BMI −0.284 0.005** −0.280 0.005** −0.018 0.859 −0.012 0.908 −0.321 0.001**

HbAlc −0.146 0.153 −0.176 0.085 −0.066 0.519 0.185 0.069 −0.057 0.579

FIN −0.189 0.063 −0.328 0.001** −0.023 0.823 0.194 0.057 −0.113 0.271
FPG −0.169 0.098 −0.131 0.200 0.048 0.642 0.156 0.128 0.088 0.389

TC −0.055 0.594 −0.051 0.621 0.356 0.000** 0.117 0.255 0.007 0.947
TG −0.138 0.178 −0.052 0.611 0.119 0.246 0.338 0.001** −0.059 0.568

HDL-C 0.056 0.583 0.077 0.451 0.169 0.098 −0.039 0.701 0.261 0.010**

LDL-C 0.027 0.793 −0.080 0.438 0.218 0.032* 0.095 0.353 0.017 0.871

Notes: *P<0.05; **P<0.01. 
Abbreviations: SUA, serum uric acid, FPG, fasting plasma glucose, HbAlc, glycosylated hemoglobin, Ca, calcium, P, phosphorus, 
ALP, alkaline phosphatase, 25(OH)D, 25-hydroxyvitamin D, BMI, body mass index, TC, total cholesterol, TG, triglycerides, LDL-C, 
low-density lipoprotein cholesterol, HDL-C, high-density lipoprotein cholesterol, FIN, fasting insulin.
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Metabolic indicators that showed correlation with bone density Z score in the one-way univariate analysis (P < 0. 1) 
were included in the analysis of age differences. Results showed that in boys, BMI and HDL-C had significant age 
differences (P < 0.05). In girls, BMI and FIN showed significant age differences (P < 0.05). Additionally, an age 
difference analysis of bone turnover markers revealed no significant differences in any markers for boys, while ALP and 
25(OH) D levels showed significant differences between age groups in girls (P < 0.05). The details show in Table 3.

Figure 1 Differences in Bone Density and SUA at Different Ages. (A) Differences in BMD Z-scores. (B) Differences in SUA levels. 
Notes: *P<0.05; **P<0.01. 
Abbreviations: SUA, serum uric acid, BMD, bone mineral density.

Table 3 Comparison of Metabolic Indicators and Bone 
Turnover Markers in Children with Obesity Across 
Different Age Groups

6–9 Years 10–12 Years t p

Boys
BMI 24.58±3.47 27.48±3.64 −4.665 0.000**

HbAlc 5.42±0.23 5.48±0.22 −1.640 0.104

FIN 21.72±15.77 26.92±19.82 −1.678 0.096
FPG 4.96±0.4 5.04±0.42 −1.08 0.282

TG 1.16±0.51 1.28±0.54 −1.326 0.187

HDL-C 1.48±0.3 1.33±0.23 3.245 0.001**
25(OH)D 21.32±6.9 19.25±7.18 1.674 0.096

Ca 2.45±0.08 2.44±0.08 0.330 0.742

P 1.59±0.13 1.6±0.17 −0.520 0.604
ALP 254.63±54.95 272.12±67.32 −1.644 0.103

Girls
BMI 22.67±2.92 25.88±4.44 −3.534 0.001**

FIN 19.96±16.29 34.88±28.71 −2.586 0.014**

FPG 4.98±0.44 4.99±0.34 −0.158 0.875
25(OH)D 21.63±7.45 17.33±5.99 2.714 0.008**

Ca 2.45±0.08 2.43±0.08 0.837 0.405

P 1.63±0.17 1.58±0.2 1.327 0.188
ALP 259.35±60.63 211.36±67.42 3.419 0.001**

Notes:*P<0.05; **P<0.01. 
Abbreviations: SUA, serum uric acid, FPG, fasting plasma glucose, HbAlc, 
glycosylated hemoglobin, Ca, calcium, P, phosphorus, ALP, alkaline phospha
tase, 25(OH)D, 25-hydroxyvitamin D, BMI, body mass index, TG, triglycer
ides, HDL-C, high-density lipoprotein cholesterol, FIN, fasting insulin.

Diabetes, Metabolic Syndrome and Obesity 2025:18                                                                          https://doi.org/10.2147/DMSO.S521357                                                                                                                                                                                                                                                                                                                                                                                                   1841

Wan et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Based on the fact that there are age differences in bone density Z-values in children with obesity, we further analyzed 
the correlation between metabolic indicators with age differences and Z-scores across different age groups. Results 
showed that in boys, SUA was significantly correlated with Z-scores in both age groups (P < 0.05), BMI was only 
correlated with Z-scores in the 6–9 years group, and HDL-C showed no significant correlation with BMD after age 
stratification. In girls, SUA was significantly correlated with Z-scores in the 6–9 years group (P < 0.05), but no metabolic 
indicators showed significant correlations with Z-scores in the 10–12 years group (Table 4).

Multivariate Linear Regression of SUA and Bone Density
In boys, Model 1 (unadjusted) showed a negative effect of SUA on bone density Z-scores, with an adjusted R2 of 0.268 
(p < 0.001). After controlling for age and BMI in Model 2, the adjusted R2 increased to 0.622 (p < 0.001).

In girls, Model 1 (unadjusted) also indicated a negative effect of SUA on bone density Z-scores, with an adjusted R2 

of 0.058 (p = 0.01). After controlling for age and BMI in Model 2, the adjusted R2 increased to 0.251 (p < 0.001). The 
details show in Table 5.

Discussion
Obesity has multiple and complex effects on bone health in children. Theoretically, obesity may increase bone density 
through increased mechanical loading. However, in practice, bone quality in children with obesity tends to exhibit poorer 
quality due to the adverse effects of endocrine and inflammatory factors. For example, obesity can interfere with normal 
bone remodeling processes through chronic inflammation, which in turn leads to an increased risk of osteoporosis.16,17 In 

Table 4 Correlation Analysis of Metabolic 
Indicators with Bone Mineral Density in 
Children with Obesity Across Different Age 
Groups

6–9 Years 10–12 Years

r p r p

Boys

SUA −0.437 0.000** −0.265* 0.042*
BMI −0.331 0.004** −0.017 0.900

LDL-C 0.219 0.063 −0.022 0.869

Girls

SUA −0.263 0.029* −0.071 0.719

BMI −0.237 0.050 −0.062 0.753
FIN −0.171 0.161 0.035 0.860

Notes: *P<0.05; **P<0.01. 
Abbreviations: SUA, serum uric acid, BMI, body mass 
index, LDL-C, low-density lipoprotein cholesterol, FIN, 
fasting insulin.

Table 5 Multivariate Linear Regression Analysis of BMD and SUA

Boys Girls

Model 1 Model 2 Model 1 Model 2

Standardized coefficient B −0.523 −0.185 −0.261 −0.148

Adjusted R2 0.268 0.622 0.058 0.251
p <0.001** <0.001** 0.01* <0.001**

Notes: *P<0.05; **P<0.01. 
Abbreviations: SUA, serum uric acid, BMI, body mass index.
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addition, obesity can affect hormone levels in children, such as causing insulin resistance and reduced secretion of 
growth hormone, both of which are key regulators of bone metabolism.18–20 Ultimately, due to a series of pathological 
mechanisms, bone trabeculae in children with obesity become weak and the conversion of mesenchymal cells into 
osteoblasts is reduced, making them more susceptible to fractures and osteoporosis. Studies have shown that the risk of 
fractures in children with obesity is 25% higher than in children without obesity.21

Analysis of Age and Gender Characteristics of Bone Density
This study found significant differences in bone density among school-age children based on gender and age, consistent 
with previous research findings.22–24 Gender differences may be closely related to changes in hormone levels around 
puberty. Studies have shown that estrogen and testosterone play important roles in the maintenance of bone density and 
peak bone formation in females and males, respectively. Estrogen promotes bone formation and inhibits bone resorption, 
while testosterone exerts indirect effects on male bones through direct action or by converting into estrogen.25,26 In 
addition, factors such as physical activity, dietary habits, and genetic backgrounds of different genders may further 
exacerbate these differences.27–29 During the rapid bone growth phase, variations in bone formation and resorption rates 
can affect bone mineral accumulation, which may contribute to age-related differences in bone density.30 The mechanical 
loading effects of obesity and the regulation of the fat-bone axis may also interact with other factors to contribute to these 
differences.31,32 These findings suggest that when studying factors influencing bone density in school-age children, it is 
necessary to consider whether metabolic indicators exhibit similar gender and age-related differences. Incorporating 
gender and age stratification into the analysis allows for a more accurate assessment of the potential impact of metabolic 
indicators on bone density.

Association of SUA and Other Metabolic Indicators with Bone Mineral Density Under 
Gender Differences
In our study, SUA was found to be one of the few metabolic indicators that was significantly associated with BMD 
Z-scores in both boys and girls. In both genders, SUA was negatively correlated with bone density. The somewhat 
consistency of the correlation of SUA across genders compared to other metabolic indicators suggests that it may be an 
important underlying regulator.

BMI has been widely recognized as an important predictor of BMD.33,34 This study also showed that BMI was 
significantly negatively correlated with bone density in both boys and girls. The similarity in the association patterns 
between SUA and BMI with bone density further suggests that SUA may influence children’s bone health through its 
interaction with BMI and other key factors.

However, this study also found that the association between SUA and BMD was weaker in girls compared to boys, 
and the multiple linear regression model showed a lower degree of fit in the girl subgroup. This gender-specific 
difference may be attributed to several biological factors. First, testosterone has been shown to upregulate xanthine 
oxidase activity, thereby increasing SUA production. This mechanism may contribute to higher SUA levels in boys 
and a stronger negative correlation between SUA and BMD.35 In contrast, higher estrogen levels in girls may protect 
bone health by inhibiting RANKL expression, thereby reducing bone resorption and partially offsetting the detrimental 
effects of SUA.36 Second, the boys in this study were, on average, older than the girls (9.68 years vs 8.88 years), 
suggesting a longer exposure to elevated SUA levels during the critical window of bone mass accumulation, which 
may amplify the adverse impact of SUA on BMD. Third, gender-based differences in body fat distribution are common 
among children with obesity. Boys are more prone to accumulate visceral fat, which is associated with higher levels of 
systemic inflammation. This pro-inflammatory state may act synergistically with uric acid to suppress bone 
formation.37,38

Regulation of BMD by SUA Under Age Stratification
Children’s growth and development exhibit significant age-related characteristics, with differences in physical develop
ment, metabolic levels, and endocrine regulation across age groups.39,40 Therefore, we analyzed BMD and related 
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metabolic indicators in children with obesity using age stratification (6–9 years and 10–12 years). The results showed 
significant differences in BMD Z-scores between genders and age groups.

In this context, SUA was one of the few metabolic indicators that maintained a relatively good correlation with BMD 
Z-values across gender and age, and these correlations were negative. This consistency suggests that SUA may be 
a universal BMD regulatory factor across ages.

Further multiple linear regression analyses showed that after controlling for the effects of age and BMI, SUA 
remained significantly negatively correlated with BMD Z-scores, suggesting an independent effect on BMD. In boys, the 
negative correlation of SUA on BMD was more significant, which may be related to the relatively higher SUA levels and 
the more prominent characteristics of obesity-related metabolic disorders. In girls, although the influence of SUA on 
bone density was relatively weaker, it remained statistically significant.

Potential Mechanisms and Clinical Implications of SUA in Bone Health of Children 
with Obesity
The negative association between SUA and BMD in children with obesity may be explained by several interconnected 
pathological mechanisms, including impaired vitamin D metabolism, activation of inflammatory pathways, and inhibition 
of osteoblast function. First, SUA can directly inhibit the activity of renal 1α-hydroxylase, thereby reducing the 
conversion of 25(OH)D to its active form, leading to vitamin D deficiency. This deficiency may induce secondary 
hyperparathyroidism and reduce intestinal calcium absorption, ultimately impairing bone mineralization.41 Second, HUA 
may promote bone loss by activating inflammatory responses and enhancing osteoclast activity. In a high-SUA environ
ment, SUA interacts with NADPH oxidase to increase superoxide production and activate pro-inflammatory pathways 
such as NF-κB and the NLRP3 inflammasome. This process triggers the release of cytokines such as IL-1, IL-6, and 
TNF-α, which, through the RANKL–RANK signaling system, promote osteoclast differentiation, proliferation, and 
activation, accelerating bone resorption. Concurrently, SUA suppresses key regulators of osteoblast differentiation and 
bone matrix formation, such as Wnt3a, Runx2, Osterix, Ibsp, and Bglap, and increases osteoblast apoptosis, thereby 
significantly impairing osteoblast activity and mineralization capacity. These mechanisms jointly disrupt normal bone 
metabolism, contributing to decreased BMD and increased risk of osteoporosis.42,43

As a common metabolic abnormality in children with obesity, HUA was further shown in this study to be an 
independent predictor of BMD reduction. Moreover, elevated SUA has been recognized as a marker of metabolically 
unhealthy obesity.44,45 Therefore, SUA screening may serve as a practical and cost-effective tool not only for assessing 
bone health but also for identifying multiple obesity-related complications in children.

Beyond its predictive value, the observed negative association between SUA levels and BMD highlights the potential 
clinical benefit of early SUA-lowering interventions. Current strategies include dietary modifications, lifestyle changes, 
and pharmacologic therapies. Dietary approaches involve reducing purine-rich food intake, avoiding excessive fructose- 
containing beverages, moderating total caloric intake, and improving dietary composition.46,47 Additionally, increasing 
the intake of calcium, vitamin D, and antioxidant-rich foods may help reduce SUA levels while supporting bone health.48 

Physical activity contributes to improved energy balance and metabolic function and may indirectly reduce SUA by 
lowering insulin resistance.49 Pharmacologically, urate-lowering agents such as allopurinol and febuxostat have proven 
effective in adults, but the safety and long-term efficacy of these medications in children remain to be further 
established.50 Taken together, controlling SUA levels through rational diet, exercise, and medication may contribute 
positively to bone health in obese pediatric populations.

Conclusion
BMD in children with obesity shows significant differences across genders and age groups, suggesting that age- and 
gender-specific factors influence bone health. SUA is negatively correlated with bone density in boys with obesity across 
all age groups and in younger girls (6–9 years). Multivariate analysis further indicates that SUA is an independent factor 
affecting bone density, highlighting its potential as a universal predictor of bone density in children with obesity.
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