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Objective: To explore the gender-, age-, and weight status-specific prevalence of hyperuricemia (HUA) and its associated risk factors
among Chinese children and adolescents with obesity.

Methods: A total of 1329 children aged 2-17 years, who were diagnosed with obesity and hospitalized in our center from
January 2016 to December 2022 were recruited. They were divided into mild obesity, moderate obesity, and severe obesity groups.
HUA was defined as fasting serum uric acid level >420 umol/L for boys and >360 pumol/L for girls. Multivariate logistic regression
analyses were performed to identify risk factors for HUA.

Results: The highest proportion of hospitalized obese children was aged 10—13 years comprising 677 (50.9%) followed by those aged
6-9 years comprising 348 (26.2%) whereas the least proportion was aged 2—5 years comprising 76 (5.7%). The above differences in
age distribution were still present in subgroup analyses according to weight status. Most hospitalized obese children were boys
(64.7%), especially in the severe obesity group (75.0%). The overall estimated prevalence of HUA in obese children was 54.8%. It
presented a gradual increase trend over the last 7 years, with more rapidly in boys than in girls. Subgroup analysis by weight status
showed that the prevalence of HUA was higher in children with moderate obesity (64.3%) and severe obesity (64.2%) when compared
with mild obesity (48.2%) (P all<0.01). Boys reached a relatively high HUA incidence level (=60%) at age 12, which occurred about 2
years later than in girls (age 10). With 12 years as the cut-off point, a high prevalence of HUA (>60%) was observed in both genders.
Multivariable logistic regression analyses showed that boy (OR=2.844, 95% CI 2.024-3.998), age (OR=1.253, 95% CI 1.155-1.360),
BMI-Z score (OR=2.132, 95% CI 1.438-3.162), fasting blood glucose (OR=0.907, 95% CI 0.860—0.956), phosphorus (OR=4.123,
95% CI 2.349-7.239), alkaline phosphatase (OR=1.002, 95% CI 1.001-1.004), creatinine (OR=1.067, 95% CI 1.037-1.098), urea
nitrogen (OR=1.193, 95% CI 1.032-1.378), aspartate aminotransferase (OR=1.016, 95% CI 1.002-1.030), triglycerides (OR=1.339,
95% CI 1.075-1.667), and high-density lipoprotein cholesterol (OR=0.381, 95% CI 0.160-0.910) were independently associated with
odds of HUA (P all<0.05).

Conclusion: The prevalence of HUA in Chinese obese children and adolescents is unexpectedly high. Childhood HUA was
significantly associated with obesity. Gender and age differences were observed in the association between childhood obesity and
HUA. Obese children aged >12 years should be focused on screening the risk of HUA.
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Introduction

Childhood obesity is a major public health issue worldwide and has been increasing rapidly in China. According to the
latest data from the China National Nutrition Surveys (CNNSs), the prevalence of overweight and obesity among 6—17
years Chinese children and adolescents was 11.1% and 7.9%, respectively.! The total population of obese children in
China has ranked first in the world.? The high prevalence of childhood obesity is of concern because of its link with adult
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obesity and its associated complications.> Among these complications, hyperglycemia, dyslipidemia, hypertension, non-
alcoholic fatty liver disease, and metabolic syndrome have received numerous attention from researchers and are
generally well-known to the public.*> In contrast, the incidence and severity of hyperuricemia (HUA) among Chinese
children and adolescents with obesity have been overlooked in China over the last decades.

Uric acid (UA) is the end-product of dietary and endogenous purine metabolism. HUA occurs as a consequence of
either elevated UA production, or decreased renal UA excretion, or a combination of these two mechanisms.® During
the past few decades, with the rapid socio-economic development of China and the changing lifestyle and diet
structure, the prevalence of HUA in children has been rapidly escalating. A recent meta-analysis of 11 population-
based studies comprising 54,580 participants showed that the estimated overall prevalence of HUA in the general
population of children aged 3-19 years in China was 23.3%.” Moreover, previous studies showed that HUA was
strongly associated with childhood obesity, and the prevalence of HUA increased with increasing weight status (18.2%
in children with non-overweight, 37.6% in children with overweight, 50.6% in children with obesity, and 64.5% in
children with extreme obesity, respectively).” In addition to the high rate of HUA incidence, a growing concern is the
adverse effects of HUA. HUA has been found to be associated with the components of metabolic syndrome and
noncommunicable diseases, including insulin resistance, hypertension, dyslipidemia, liver dysfunction, cardiovascular

disease, and chronic kidney disease, imposing a heavy burden on family, society, and the healthcare system.® !’

However, these studies mostly focused on adults, and there is limited data on children and younger populations.'®'?
Therefore, childhood obesity and related HUA comorbidities are important issues that must be addressed to improve
children’s health and well-being.

However, to date, the prevalence of HUA in obese Chinese children, particularly in different types of obesity has
scarcely been studied and was poorly investigated. Thus, our primary aim was to estimate the prevalence of HUA in
Chinese children and adolescents with mild obesity, moderate obesity, and severe obesity. The changes in the prevalence
of HUA in boys and girls over the seven years from 2016 to 2022 were also explored in our study. In addition,
considering child development does not follow a linear pattern like adult growth, and the age and gender differences in
serum UA levels have been reported in previous research,”*° the age- and gender-specific analysis of the high prevalence
of hyperuricemia among Chinese children and adolescents with obesity were examined in our present study. Finally, the
risk factors of HUA were also identified, which may provide a scientific basis for the prevention and treatment of HUA in
children and adolescents. These data will enrich the cognitive ability of childhood HUA and play an important role in
making screening policy decisions for childhood obesity-related HUA.

Methods
Study Population

This was a retrospective study among children and adolescents, aged 2—17 years, with obesity who were hospitalized in
the Department of Endocrinology, Genetics and Metabolism, Beijing Children’s Hospital (Beijing, China) from
January 2016 to December 2022. Children and adolescents meeting the following inclusion criteria were eligible for
this study: (1) age 2—17 years, (2) obese children [body mass index (BMI) >95th of children of the same age and gender
according to the Centers for Disease Control and Prevention (CDC) standards].?' The exclusion criteria were as follows:
(D age <2 years or >18 years; (2) non-obesity; 3) with chronic, systemic, or organic diseases; (4) taking medications
known to affect UA metabolism. Finally, 1329 obese children (860 boys and 469 girls) aged 2—17 years (72 aged 2-5
years, 351 aged 6-9 years, 678 aged 10—13 years, 228 aged 14—17 years) were recruited in this study. Our present study
was approved by the ethics committee of Beijing Children’s Hospital, Capital Medical University. Written and informed
consent were obtained from all children and adolescents, their families or legal guardians. This study complies with
Declaration of Helsinki.

Anthropometric Measurements and Definitions
Anthropometric measurements, including body weight, height, waist circumference (WC), and hip circumference (HC)
were measured by specialized pediatric endocrinologists. Body weight was measured on a hospital scale with children
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dressed indoor clothing and without shoes. Height was measured without shoes with children standing with their backs
against a vertical scale. WC was measured by a non-extensible measuring tape placed horizontally around the midpoint
between the highest point of the anterior superior iliac crest and the bottom of the lower edge of the ribs, while HC was
measured around the widest portion of the buttocks using the same tape.”? These measurements were recorded to the
nearest 0.1 kg or cm. BMI was calculated as the weight in kilograms divided by the height squared in meters (kg/m?).
Mild obesity was defined as BMI >95th for age and sex or a BMI >30 kg/m”; moderate obesity as BMI >120% of the
95th for age and sex or a BMI >35 kg/m? (whichever is lower); and severe obesity as BMI >140% of the 95th for age and
sex or a BMI >40 kg/m2 (whichever is lower).?*"**

Fasting blood samples were collected in the morning by experienced nurses with the children in the fasting state.
Serum potassium (K), calcium (Ca), phosphorus (P), alkaline phosphatase (ALP), creatinine (Cr), urea nitrogen (Urea),
UA, aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl transferase (GGT), total
cholesterol (TC); triglycerides (TG), high-density lipoprotein cholesterol (HDL-C); low-density lipoprotein cholesterol
(LDL-C), very-low-density lipoprotein cholesterol (VLDL-C), nonesterified fatty acid (NEFA), creatine kinase (CK),
lactate dehydrogenase (LDH) were measured by were measured enzymatically using an automatic analyzer (RX
Daytona; Randox Laboratories Ltd, Antrim, Ireland) in Beijing Children’s Hospital. HUA was defined as the fasting
serum UA level greater than 420 umol/L (7 mg/dL) for boys and greater than 360 pmol/L (6 mg/dL) for girls.***

Statistical Analyses

Continuous variables were expressed as means+standard deviations (SD) and categorical variables as frequencies and
percentages. The significance of differences between groups was assessed by the independent #-test for continuous variables
and the chi-squared test for categorical variables. Multivariate logistic regression analyses were performed to identify risk
factors for HUA, with odds ratios (ORs) and 95% confidence intervals (Cls) calculated for each potential risk factor. SPSS
version 22.0 for Windows (SPSS Inc, Chicago, IL, USA) and GraphPad Prism version 9.0 (San Diego, CA) were used for
statistical analyses and graphs, respectively. Values of P<(0.05 were considered to indicate statistical significance.

Results

General Information About the Study Participants

A total of 1329 children (786 mild obesity, 367 moderate obesity, 176 severe obesity) aged 2—17 years were included in
our present study. The highest proportion of hospitalized obese children was aged 10—13 years comprising 677 (50.9%)
followed by those aged 6-9 years comprising 348 (26.2%) then those aged 14—17 years comprising 228 (17.2%),
whereas the least proportion was aged 2-5 years comprising 76 (5.7%)(Table 1). The above differences in age
distribution were still present in subgroup analyses according to weight status. Most hospitalized obese children were
boys (64.7%), especially in the severe obesity group (75.0%)(Table 1).

Table | Incidence of HUA Among Children and Adolescents with Obesity Hospitalized in the Beijing Children’s Hospital
Between 2016 and 2022

Characteristics Total Weight Status P-value*
(n=1329) . . . b c
Mild Obesity Moderate Severe Obesity P? P P
(n=786) Obesity (n=367) (n=176)
Age (years) <0.01 <0.05 <0.01
2-5 76 (5.7%) 53 (6.7%) 9 (2.5%) 14 (8.0%)
6-9 348 (26.2%) 220 (28.0%) 77 (21.0%) 51 (29.0%)
10-13 677 (50.9%) 367 (46.7%) 215 (58.6%) 95 (54.0%)
14-17 228 (17.2%) 146 (18.6%) 66 (18.0%) 16 (9.1%)
Gender (Boys) 860 (64.7%) 471 (59.9%) 257 (70.0%) 132 (75.0%) <0.01 <0.01 0.27
HUA 728 (54.8%) 379 (48.2%) 236 (64.3%) 113 (64.2%) <0.01 <0.01 1.00

Notes: *Results from the chi-square test. Preferred to the comparison between mild obesity and moderate obesity. P°referred to the comparison
between mild obesity and severe obesity. Preferred to the comparison between moderate obesity and severe obesity. HUA, hyperuricemia. Statistically
significant (P<0.05) were marked in bold.
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Prevalence of HUA Among Obese Children by Weight Status, Years, Age

The overall estimated prevalence of HUA in obese children was 54.8%. Subgroup analysis by weight status showed that
compared with children with mild obesity (48.2%), the prevalence of HUA was significantly higher in children with
moderate obesity (64.3%) and in children with severe obesity (64.2%) (P all<0.01). However, no significant difference
was found in the prevalence of HUA between the moderate obesity group and the severe obesity group (Table 1).

As depicted in Figure 1, the prevalence of HUA in obese children showed a gradual increase trend over the last 7
years. The prevalence of HUA from 2016 to 2022 was 48.1%, 45.9%, 56.9%, 49.3%, 60.0%, 64.1%, 62.4% for boys,
61.5%, 49.3%, 52.7%, 41.2%, 49.2%, 57.1%, 60.9% for girls, respectively. It is also worth noting that boys showed
a more rapid increase than girls.

As illustrated in Table 2, serum UA levels in boys were higher than that in girls. The prevalence of HUA appeared to
show an increasing trend with age. The prevalence of HUA in children and adolescents aged 2 to 17 years was 33.3%, 20.0%,
0%, 18.2%, 8.3%, 26.7%, 28.2%, 41.5%, 28.9%, 51.9%, 65.1%, 74.7%, 71.6%, 70.2%, 69.6%, 50.0% for boys, 0%, 0%,
57.1%, 14.3%, 31.8%, 40.3%, 41.0%, 48.5%, 61.1%, 71.1%, 71.8%, 65.2%, 86.2%, 70.4%, 87.5%, 100.0% for girls,
respectively. Boys reached a relatively high HUA incidence level (>60%) at age 12, which occurs about 2 years later than in
girls (age 10). With 12 years as the cut-off point, a high prevalence of HUA (>60%) was observed in both genders.

To enable a clearer view, multi-layered pie charts were performed to show the distribution of the HUA (Figure 2). The
highest proportion of HUA was children aged >10 years, followed by those aged 5-10 years, whereas the least proportion
was aged <5 years. This phenomenon remained when this comparison was performed respectively in the mild obesity,
moderate obesity, and severe obesity groups. Additionally, in the mild obesity and moderate obesity groups, girls
accounted for a higher proportion in children aged 5-10 years. However, in the severe obesity group, boys accounted
for a higher proportion in children aged 5-10 years.

Comparison Between HUA and Non-HUA Groups

Table 3 shows the biochemical parameters in the HUA and non-HUA groups. In both genders, age, height, weight, BMI,
WC, HC, Cr, Urea, eGFR, AST, ALT, GGT, TG, LDL-C, and VLDL-C were all higher, while HDL-C was lower in the
HUA group than the non-HUA group (P all<0.05). In addition, the BMI-Z score and TC were higher, whereas ALP was
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Figure | The percentage of hyperuricemia (by years) for boys and girls.
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Table 2 The Percentage of HUA (by Age) for Boys and Girls

Total (Minimum-Maximum, %)

Boys (Minimum-Maximum, %)

Girls (Minimum-Maximum, %)

2 years old
3 years old
4 years old
5 years old
6 years old
7 years old
8 years old
9 years old
10 years old
I'l years old
12 years old
13 years old
14 years old
15 years old
16 years old
17 years old

159.0-427.8 umol/L, 25%
180.6—428.6 umol/L, 7.1%
162.0-414.5 umol/L, 40%
92.9-545.6 umol/L, 16.3%
139.9-458.2 umol/L, 23.5%
154.8-610.4 umol/L, 36.1%
59.5-611.5 umol/L, 36.0%
227.0-673.1 umol/L, 44.2%
119.6-696.8 umol/L, 39.3%
95.6-764.2 umol/L, 56.9%
107.0-778.8 umol/L, 66.4%
90.3-811.0 umol/L, 72.6%
203.3-783.4 umol/L, 75.5%
190.4-965.7 umol/L, 70.3%
331.0-1003.1 umol/L, 74.2%
143.6-640.7 umol/L, 61.5%

274.3-427.8 umol/L, 33.3%
221.0-428.6 umol/L, 20%
268.9-319.0 umol/L, 0%
92.9-545.6 umol/L, 18.2%
139.9—445.0 umol/L, 8.3%
154.8-610.4 umol/L, 26.7%
201.4-611.5 umol/L, 28.2%
228.0-673.1 umol/L, 41.5%
119.6-696.8 umol/L, 29.0%
95.6-764.2 umol/L, 51.9%
107.0-778.8 umol/L, 65.1%
216.0-811.0 umol/L, 74.7%
254.0-684.6 umol/L, 71.6%
190.4-965.7 umol/L, 70.2%
331.0-1003. lumol/L, 70.0%
323.3-640.7 umol/L, 50.0%

/

180.6-323.5 umol/L, 0%
162.0-414.5umol/L, 57.1%
153.6—468.1 umol/L, 14.3%
203.6-458.2 umol/L, 31.8%
160.9-565.0 umol/L, 40.3%
59.5-523.2 umol/L, 41.0%
227.0-569.0 umol/L, 48.5%
159.0-603.0 umol/L, 61.1%
127.8-610.6 umol/L, 71.1%
167.6-542.6 umol/L, 71.8%
90.3-613.7 umol/L, 65.2%
203.3-783.4 umol/L, 86.2%
257.0-608.2 umol/L, 70.4%
380.5—478.5 umol/L, 87.5%
143.6-585.8 umol/L, 100.0%

Abbreviation: HUA, hyperuricemia.

lower in the HUA group than in the non-HUA group, and the differences were significant only in girls (P<0.05). In boys,

serum Ca and P levels were found to be higher, while FBG was lower in the HUA group than in the non-HUA group
(P<0.05). No significant difference was found in K, NEFA, or CK between the HUA group and non-HUA group

(P>0.05).

'

']

Moderate

25.9% 32.5%

0.3%

%

0.3%

12.6%

51.9%

0.1%
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Table 3 Comparison of the Clinical Characteristics Between HUA and Non-HUA Groups

Total (n=1329) Boys (n=860) Girls (n=469)
HUA Non-HUA HUA Non-HUA HUA Non-HUA

(n=728) (n=601) (n=478) (n=382) (n=250) (n=219)
Age (y) 12.15£2.60 10.0243.24* 12.68+2.12 10.73%3.14% 11.15£3.08 8.79+3.03"
Height (m) 160.32+15.93 145.89+20.80* 164.80+14.08 149.91+20.87* 151.76+15.80 138.90+18.76"
Weight (kg) 80.05+22.95 59.37+23.72* 85.28+20.39 64.11+22.78% 70.06+24.26 51.09+23.10%
BMI (kg/m?) 30414527 26.61+5.45% 30.97+4.73 27.46+4.93" 29.34+6.05 25.1345.97F
BMI-Z score 2.2040.32 2.1340.44% 2.2240.32 2.18+0.50 2.16+0.30 2.06+0.32f
WC (cm) 98.92+12.22 90.00£12.10% 100.7711.53 90.72+11.71% 94.69£12.71 87.99+12.98"
HC (cm) 104.70£12.51 95.84£12.47* 105.4610.98 96.18+12.13% 102.95+15.38 94.87+13.39"
FBG (mmol/L) 6.09+2.80 6.84+3.80% 6.09+2.89 7.11+£4.24* 6.09+2.62 6.30+2.67
K (mmol/L) 420040 4.20+0.45 4.19£0.28 4.19£0.46 422+0.57 421£0.44
Ca (mmol/L) 2.4520.13 2.4320.14* 2.4610.13 2.43x0.15% 2.4420.12 2.44%0.12
P (mmol/L) 1.69+0.28 1.62+0.32% 1.71+0.30 1.63+0.33% 1.65+0.23 1.61+0.28
ALP (U/L) 248.26+11.78 264.36£105.61*% | 265.50£108.46 | 272.40+105.33 213.48+110.51 248.31£104.65"
Cr (umol/L) 48.84+24.32 40.48£10.07* 51.04+28.90 42.10£1051% 44.60+9.90 37.64+8.57"
Urea (mmol/L) 4.12+1.57 3.91£1.20% 422+ 8l 4.00+1.24% 3.94+0.95 3.76x1.107
eGFR 126.89+27.77 137.69+37.69* 125.9227.73 136.35+41.31% 128.75+27.79 140.02+30.321
(mL/min/1.73m?)
UA (umol/L) 493.06+83.75 317.41465.10% 517.7079.62 42.10+1051% 445.94+70.31 288.93+54.63"
AST (U/L) 43.44+48.30 30.2021.23* 45.34£53.46 31.60£21.62% 39.63+35.49 27.44+20.191
ALT (U/L) 59.77+69.93 35.34+40.62* 64.92+76.64 39.81+41.89% 49.36£52.55 26.48+36.491
GGT (UL) 37.42430.22 25.33+21.12* 39.75+30.92 28.10+23.607 32.70+28.22 19.80+13.45"
TC (mmoliL) 4.42%1.01 427£0.91* 4.39£1.00 429+0.93 4.47£1.04 423+0.85"
TG (mmol/L) 1.56x1.09 1.21£0.70% 1.58£1.06 1.2620.72% 1.52£1.14 1.10£0.66"
HDL-C (mmol/L) 1.14£0.25 1.24£0.32* 1.12£0.25 1.230.33% 1.18£0.25 1.25£0.31%
LDL-C (mmol/L) 2.720.83 2.50%0.75* 2.720.80 2.52%0.75% 2.74%0.89 2.460.741
VLDL-C (mmol/L) | 0.31£0.22 0.24+0.14* 0.320.21 0.2520.14% 0.30£0.23 0.2210.13"
NEFA (mmol/L) 0.68+0.24 0.66+0.27 0.69+0.24 0.65+0.27 0.67+0.24 0.67+0.26
CK (U/L) 111.30£196.48 103.90121.32 115.89179.36 110.27£145.19 102.004227.42 | 91.22+4327
LDH (U/L) 230.96+82.35 240.46183.70 228.60+70.47 242.0689.09% 235.75+102.31 237.27+71.92

Notes: *Significance between HUA and Non-HUA groups in all subjects with obesity (P<0.05); "significance between HUA and Non-HUA groups in boys with obesity
(P<0.05); Tsignificance between HUA and Non-HUA groups in girls with obesity (P<0.05).

Abbreviations: HUA, hyperuricemia; BMI, body mass index; WC, waist circumference; HC, hip circumference; FBG, fasting blood glucose; K, potassium; Ca, calcium; P,
phosphorus; ALP, alkaline phosphatase; Cr, creatinine; Urea, urea nitrogen; eGFR, estimated glomerular filtration rate; UA, uric acid; AST, aspartate aminotransferase; ALT,
alanine aminotransferase; GGT, gama-glutamyl transferase; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; VLDL-C, very-low-density lipoprotein cholesterol; NEFA, nonesterified fatty acid; CK, creatine kinase; LDH, lactate dehydrogenase.

Risk Factors Associated with HUA in Childhood Obesity

To further investigate the risk factors associated with HUA, the multi-factor logistic regression analysis was performed.
As presented in Table 4, in all subjects, boy (OR=2.844, 95% CI 2.024-3.998), age (OR=1.253, 95% CI 1.155-1.360),
BMI-Z score (OR=2.132, 95% CI 1.438-3.162), FBG (OR=0.907, 95% CI 0.860—0.956), P (OR=4.123, 95% CI 2.349-
7.239), ALP (OR=1.002, 95% CI 1.001-1.004), Cr (OR=1.067, 95% CI 1.037-1.098), Urea (OR=1.193, 95% CI 1.032—
1.378), AST (OR=1.016, 95% CI 1.002-1.030), TG (OR=1.339, 95% CI 1.075-1.667), and HDL-C (OR=0.381, 95% CI
0.160-0.910) were independently associated with risk of HUA (P all<0.05). However, after stratified by gender, risk
factors for HUA among boys were not consistent with those observed in girls. FBG (OR=0.882, 95% CI 0.827-0.940),
ALP (OR=1.002, 95% CI 1.001-1.004), Cr (OR=1.067, 95% CI 1.033-1.102), Urea (OR=1.220, 95% CI 1.021-1.457),
TG (OR=1.473, 95% CI 1.116-1.945), and LDL-C (OR=2.526, 95% CI 1.015-6.283) were independent risk factors for
HUA in boys but not in girls.
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Table 4 Multifactorial Logistic Regression Analysis of the Risk of HUA

Variables Total Boys Girls

OR (95% CI) OR (95% CI) OR (95% CI)
Gender 2.844 (2.024-3.998) / /
Age 1.253 (1.155-1.360) 1.260 (1.132-1.402) 1.233 (1.059-1.435)
BMI-Z score 2.132 (1.438-3.162) 1.856 (1.157-2.977) 3.084 (1.298-6.804)
FBG 0.907 (0.860-0.956) 0.882 (0.827-0.940) 0.954 (0.854-1.065)
Ca 2.983 (0.930-9.573) 3.628 (0.929-14.176) 1.828 (0.167-20.014)
P 4.123 (2.349-7.239) 4.230 (2.208-8.104) 4.107 (1.208-13.966)
ALP 1.002 (1.001-1.004) 1.002 (1.001-1.004) 1.002 (0.999-1.005)
Cr 1.067 (1.037-1.098) 1.067 (1.033-1.102) 1.063 (0.988-1.143)
Urea 1.193 (1.032-1.378) 1.220 (1.021-1.457) 1.204 (0.916-1.582)
eGFR 1.003 (0.996-1.011) 1.004 (0.996—1.012) 1.002 (0.982-1.022)
AST 1.016 (1.002-1.030) 1.015 (0.999-1.032) 1.016 (0.986—1.046)
ALT 0.997 (0.990-1.005) 0.999 (0.990-1.007) 0.994 (0.978-1.010)
GGT 1.006 (0.997-1.015) 1.003 (0.994-1.013) 1.019 (0.995-1.043)
TC 0.771 (0.419-1.417) 0.523 (0.234-1.169) 1.350 (0.501-3.637)
TG 1.339 (1.075-1.667) 1.473 (1.116-1.945) 1.187 (0.801-1.757)
HDL-C 0.381 (0.160-0.910) 0.373 (0.117-1.184) 0.454 (0.113-1.821)
LDL-C 1.566 (0.788-3.112) 2.526 (1.015-6.283) 0.778 (0.258-2.346)
CK 1.000 (0.999-1.001) 1.000 (0.999-1.001) 0.998 (0.996-1.001)

Note: Bold values indicate statistical significance (P<0.05).

Abbreviations: HUA, hyperuricemia; BMI, body mass index; FBG, fasting blood glucose; Ca, calcium; P, phosphorus;
Cr, creatinine; Urea, urea nitrogen; eGFR, estimated glomerular filtration rate; AST, aspartate aminotransferase; ALT,
alanine aminotransferase; GGT, gamma-glutamyl transferase; TC, total cholesterol; TG, triglycerides; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; CK, creatine kinase.

Discussion
In this study in Beijing, China, we report the prevalence of HUA and its associated risk factors among Chinese children
and adolescents with obesity, taking into consideration gender, age, and weight status.

According to the latest data from 11 population-based studies comprising 54,580 Chinese children aged 3—19 years,
the overall prevalence of HUA was 23.3% (26.6% in boys and 19.8% in girls).” This value was considerably higher than
those described in previous studies conducted across other countries, including Korea (total 9.4%; boys, 8.4%; girls,
10.5%),%” Brazil (10.3%), and the USA (16.56%%).*® Even worth, with the recent epidemic in childhood obesity, the
prevalence of HUA is projected to continually increase. A cross-sectional survey of 1027 obese children and adolescents
in Japan reported that the prevalence of HUA was 20.7% among children aged 614 years.?’ China now has the highest
number of obese children in the world. A previous small sample size study (n=271) in Shanghai revealed the high
prevalence of HUA in obese children aged 6-17 years (47.71% in boys, 48.31% in girls).?? Our previous studies
involving 135 children showed that the prevalence of HUA in children with type 2 diabetes mellitus (T2DM) was
23.0%.%° In this large single-center cross-sectional study (n=1329), we found that the overall prevalence of HUA in obese
children was 54.8% (55.6% in boys, 53.3% in girls), which was much higher than that in previous domestic and
international studies. Moreover, we found that the prevalence of HUA in obese children showed a gradual increase trend
over the last 7 years. Between 2016 and 2022 the prevalence of HUA in obese children grew from 43.1% to 61.2%.
These data indicated that the high prevalence of HUA in children and adolescents in China has become a serious public
health problem that cannot be ignored.

In addition to the high prevalence of HUA in obese children, our analysis revealed significant differences in the
prevalence of HUA among children and adolescents with different degrees of obesity. The prevalence of HUA was
significantly higher in children with moderate obesity and severe obesity, compared with those with mild obesity. This
finding was in line with the study of Rao et al among 54,580 Chinese children aged 3—19 years, which also showed the
increasing prevalence trend of HUA with increasing weight status (18.2%, 37.6%, 50.6%, and 64.5% among children
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with non-overweight, overweight, obesity, and extreme obesity, respectively). These results indicated a strong association
between the severity of childhood obesity and the risk of HUA. In the present study, BMI-Z score was found to be an
individual risk factor associated with the risk of HUA, which corroborating the findings previously described for Chinese
children involved 14 provinces’ and in the study conducted in Sichuan province, as well as in other countries such as
Brazil,*! Denmark,** Poland,** Germany,>* and the USA.*® It is noteworthy that literature data indicated that programs
for reducing body weight effectively decreased UA levels in children with obesity.’*>**> Taken together, the high
prevalence and the close relationship between obesity and HUA observed in our results together with previous
publications revealed an urgent need for scaled-up effective interventions among Chinese children.

As stated above, the link between obesity and HUA in children is well established. Recently, emerging studies started
to focus on the relationship between HUA and obesity-associated complications.**>° HUA in obese children was
frequently associated with the components of metabolic syndrome and noncommunicable diseases, including insulin
resistance, dyslipidemia, hypertension, and chronic kidney disease.'® Our findings were in keeping with these reports. We
found that children in the HUA group have higher AST, ALT, GGT, TG, LDL-C, and VLDL-C, but lower HDL-C levels.
Furthermore, TG was independently associated with the increased risk of HUA. The liver is an important organ for the de
novo purine synthesis and the production of UA in vivo. Although the mechanisms that explain the association of UA
and TG remain unclear, it is speculated that the synthesis of TG requires NADPH, which results in increased UA
production.40 As widely known, TG accumulation is central to NAFLD development.41 A recent retrospective study
performed by Zhou et al reported that HUA ranked as the most common comorbidity in childhood NAFLD (59.58%).**
The results of our previous studies in T2DM patients also showed higher UA levels in the NAFLD group than those in
the non-NAFLD group.*® The increased UA levels may be used to evaluate the progression of NAFLD in children.***
Yet the mechanism underlying is not well understood, the induction by HUA of endothelial dysfunction, insulin
resistance, oxidative stress, and systemic inflammation may involved.** The kidney is the main excretory organ of
UA. In the results of this study, Cr and Urea levels were found to be higher in the HUA group, whereas eGFR was lower
than in the non-HUA group. The results of multifactorial logistic regression analysis showed that Cr and Urea were
independent risk factors for the development of HUA. A recent review of the relationship between UA and the kidney
suggested that UA may be an important factor in the pathogenesis of acute kidney injury and chronic kidney disease.*’
Serum UA and blood Cr as well as Urea could interact with each other, and HUA could directly and indirectly cause
kidney damage. Experimental HUA animal models revealed that renal tubulointerstitial fibrosis appeared before renal
insufficiency, which indicated the direct toxicity of UA to renal tubules.*® Therefore, early detection and control of serum
UA levels in obese children are helpful for the prevention and treatment of chronic kidney disease. Another interesting
finding worthy of note was that, after stratified by gender, the relationships between TG, Cr, and Urea were observed in
boys but not in girls. However, our result differs from previous studies by Krzystek-Korpacka et al in Poland, which
showed that the correlation between UA and TG was only observed in girls.*” This disagreement may be attributable to
sample size, geographic distribution, and racial differences. The underlying mechanisms for the sex difference remain
unclear, but this physiological difference may be partially explained by the action of sex hormones, which have been
shown to have a significant impact on renal UA transport.*” Given the inconsistency across the studies, more findings on
the gender-specific associations between HUA and obesity-associated complications should be done in the future.

Additionally, the gender-specific analysis of the high prevalence of HUA among Chinese children and adolescents
with obesity was also performed in our present study. We found that boys reached a relatively high HUA incidence level
(=60%) at age 12, which occurs about 2 years later than in girls (age 10). Our findings were in keeping with previous
studies at home and abroad. In nationally representative data of 6768 children from the US Health Examination Survey,
serum UA levels increased markedly from 10—12 years in girls and 12—14 in boys.*® A cross-sectional study in Zhejiang
province in China based on 5439 children and adolescents aged 5-14 years showed that in the general pediatric
population, the rapid increase of UA in boys occurred 1-2 years later than in girls (9-10 years in boys, 8-9 years in
girls).*” The gender differences in the peaking time almost certainly reflected the different tempo of the puberty onset, as
boys enter puberty approximately 2 years later than girls.® Noteworthy, with 12 years as the cut-off point, a high
prevalence of HUA (>60%) was observed in both genders. In a retrospective study of 15,986 children in Sichuan
province in China, Guo et al found that with 13 years as the cut-off point, the prevalence of HUA increased significantly
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in boys, but girls did not show a significant increase.”® Given the fluctuation of UA during childhood, it is of great
importance to establish sex- and age-specific references for UA in Chinese children and adolescents in future study.

Our study has several limitations. First, this was a cross-sectional study, and as longitudinal data were not available,
the cause-effect relationship between HUA and childhood obesity as well as its associated complications could not be
determined in our study. Second, an unhealthy lifestyle, especially a diet rich in purines was an established risk factor for
HUA, however, data on lifestyle were unavailable in our study. Third, our data were collected in a single center, which
was not representative of the whole Chinese population.

In conclusion, in this large pooled sample in China, the prevalence of HUA was unexpectedly high in obese children
and adolescents. Gender and age differences were observed in the association between childhood obesity and HUA.
Several obesity-related metabolic abnormalities were associated with the risk of HUA. It is important to focus on the
serum UA levels in obese children, particularly those aged >12 years, which has significant clinical and social
implications.
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