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Abstract
The aim of this study was to examine trends in serum uric acid (SUA) levels over a recent 5-year period according to age,
sex, obesity, and abdominal obesity among Korean children and adolescents. We conducted a serial cross-sectional analysis
using nationally representative data from the Korea National Health and Nutritional Examination Survey from 2016 to 2020.
The study outcome was trends in SUA levels. SUA trends were analyzed by survey-weighted linear regression analysis con-
sidering the survey year as a continuous variable. SUA trends were also analyzed for subgroups based on age, sex, abdominal
obesity, or obesity. This study included 3,554 children and adolescents aged 10—18 years. SUA increased significantly over
the study period in boys (p for trend =0.043), but not in girls (p for trend =0.300). In age-specific analyses, SUA increased
significantly in the 1012 years group (p for trend =0.029). After adjusting for age, SUA increased significantly in the obese
group of both boys (p for trend =0.026) and girls (p for trend =0.023), but not in the overweight, normal, or under-weight
groups of either sex. After adjusting for age, SUA increased significantly in the abdominal obesity group of boys (p for
trend =0.017) and girls (p for trend=0.014), but not in the non-abdominal obesity group of either sex.

Conclusion: In the current study, SUA levels significantly increased in both boys and girls with obesity or abdominal obe-
sity. Further studies of the effect of SUA on health outcomes in boys and girls with obesity or abdominal obesity are needed.

What is Known:

o High serum uric acid (SUA) is a risk factor for various metabolic diseases, including gout, hypertension, and type 2 diabetes.
What is New:

o SUA levels increased in boys and the 10-12 years group of Korean children and adolescents.

o SUA levels increased significantly in Korean children and adolescents with obesity or central obesity.
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of endogenous purines in the liver and partially by the metab-
olism of ingested purines [3]. UA is produced intracellularly
by xanthine oxidoreductase and circulates as plasma sodium
urate [4]. Most UA in the body is excreted by the kidneys,
while the remainder is excreted through the small intestine
and bile ducts [5]. High serum uric acid (SUA) levels are
the result of decreased UA clearance and/or increased UA
production secondary to metabolic abnormalities or a purine-
rich diet [2, 5, 6]. Previous studies have reported a consistent
increase in SUA levels and the prevalence of hyperuricemia
in recent decades [7-10].

Emerging studies have established that high SUA levels
are closely associated with a number of cardio metabolic
diseases, including obesity, metabolic syndrome (MetS),
gout, dyslipidemia, hypertension, type 2 diabetes (T2DM),
and chronic kidney disease [11-14]. A recent study indicated
that SUA is associated with the prevalence of MetS and its
components in general adults [15]. Several epidemiologi-
cal studies have found that higher SUA levels are closely
associated with increased liver enzyme and non-alcoholic
fatty liver diseases, which comprise a spectrum of hepatic
diseases associated with MetS [16, 17].

Whether UA contributes to MetS or is a consequence of
MetS has not been established, but two studies conducted in
Korea have reported strong associations between SUA levels
and MetS in children and adolescents [18, 19]. Among the
components of MetS, abdominal obesity in particular has
been shown to be positively correlated with SUA concentra-
tions [18, 19]. Previous studies have also reported that SUA
levels are significantly associated with body mass index
(BMI) and are significantly higher in overweight or obese
populations than in normal-weight subjects [19-21]. In addi-
tion, increasing evidence suggests that elevated SUA levels
in children and adolescents are predictive of the develop-
ment of MetS and CVD later in life [19, 22, 23].

SUA levels vary according to age, sex, and environmen-
tal factors [8, 24-26]. SUA concentrations in children and
adolescents increase gradually with age because renal excre-
tion decreases to adult levels with puberty and body mass
increases [27]. SUA levels are also higher in boys than in
girls [28, 29]. SUA levels have been reported to rise consid-
erably with age in boys but only increase slightly (and not
by a statistically significant amount) with age in girls [28].
Since abnormalities in SUA concentration are closely asso-
ciated with metabolic disorders, maintaining normal SUA
levels may help to delay the onset of metabolic disorders
in children and adolescents and reduce the risk of devel-
oping diseases associated with hyperuricemia. However,
few previous studies have evaluated trends in SUA levels
in Korean children and adolescents using a large-scale pop-
ulation-based design. Therefore, this study was conducted
to investigate trends in mean SUA levels from 2016 to 2020
according to age, sex, obesity, and abdominal obesity among
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Korean children and adolescents based on data from the
Korea National Health and Nutrition Examination Survey
(KNHANEYS).

Methods
Study design and subjects

This cross-sectional study analyzed data from 2016 to 2020
obtained from KNHANES conducted by the Korean Cent-
ers for Disease Control and Prevention in accordance with
the National Health Promotion Act. KNHANES is a cross-
sectional, nationwide, representative survey conducted
annually since 1998 to collect information on nutrient
intake, non-communicable diseases (e.g., obesity, hyper-
tension, diabetes, and dyslipidemia), and health behav-
iors in the Korean population. The KNHANES involves a
multi-stage clustered probability design utilizing sampling
units and households [30]. The survey is composed of a
health questionnaire, examinations, and nutrition surveys
for household members. The health interview and health
examination are conducted by well-trained medical staff in
the mobile examination centre during the all weeks of the
year. Details on the KNHANES protocol has been described
in a previous study [30].

As SUA levels have been investigated in individuals aged
10 years or older in Korea since 2016, we used data from the
2016 to 2020 KNHANES. The response rates were 76.6%
for 2016-2018 (KNHANES VII) and 74.0% for 2019-2020
(KNHANES VIII). This study included data from a total of
3,554 Korean children and adolescents aged 10 to 18 years.
Anthropometric data values were missing for 237 individu-
als, and SUA values were missing for 519 individuals.

This study was performed in accordance with the Decla-
ration of Helsinki and approved by the Institutional Review
Board (IRB) of Severance Hospital (IRB No.4-2022-0796).
Written informed consent was obtained from all participants
or legal representatives of the children enrolled in this study.

Anthropometric measurements
and laboratory tests

Anthropometric variables (body height, body weight, and
waist circumference [WC]) were obtained by well-trained
medical staff using a standardized protocol. BMI (kg/m?)
was calculated as weight in kilograms, divided by height in
meters squared. Height was measured to the first decimal
place (0.1 cm) using a stadiometer (SECA 225 in 2016—June
2019 and SECA 274 in July 2019-2020, Seca, Hamburg,
Germany). Weight was measured to the first decimal place
(0.1 kg) using an electronic balance (GL-6000-20, Gtech,
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Seoul, Korea). WC was measured at the midpoint between
the inferior margin of the rib cage and the iliac crest. After
resting for 5 min in a sitting position, blood pressure was
measured in the right arm using a standard mercury sphyg-
momanometer (Baumanometer Wall Unit 33 (0850) in
2016-2019, Baum, Copiague, NY, USA, and Greenlight
300 in 2020, Accoson, Ayrshire, UK). Based on the 2017
Korean National Growth Charts, the study participants were
classified into the following obesity groups based on BMI
percentiles: underweight, less than the 5th percentile; nor-
mal, 5th percentile to less than the 85th percentile; over-
weight, 85th to less than the 95th percentile; or obese, equal
to or greater than the 95th percentile. Abdominal obesity
was defined as a WC > 90th percentile based on age- and
sex-specific criteria.

Trained medical staff collected blood samples from each
participant via the antecubital vein after an 8-h fasting period.
The samples were processed and immediately refrigerated.
Levels of SUA (mg/dL), total cholesterol (mg/dL), triglyc-
erides (mg/dL), and high-density lipoprotein cholesterol
(HDL-C) (mg/dL) were measured using a Hitachi automatic
analyzer 7600/7600-210 (Hitachi, Tokyo, Japan). Hyper-
uricemia was defined when SUA levels were > 6.6 mg/dL at
10-11 years of age (both sexes) and> 7.7 mg/dL for males
and > 5.7 mg/dL for females at 12—18 years of age [19].

Statistical analysis

We analyzed changes in mean SUA levels during the 5-year
study period for the entire study population and for sub-
groups based on age, sex, obesity, and abdominal obesity.
We employed one-way analysis of variance to compare
continuous variables (mean SUA levels), and we used the
Rao-Scott chi-square test to compare categorical variables
(age groups, obesity, and abdominal obesity). To determine
p-values for SUA trends, we performed survey-weighted
linear regression analysis by considering the survey year
as a continuous variable. The statistical significance of dif-
ferences in SUA trends was also evaluated using survey-
weighted linear regression analysis for each subgroup. In
the BMI-specific and WC-specific analyses, we conducted
the analyses after adjusting for age. To report representa-
tive estimates for the Korean population, we considered the
sampling weights in all analyses.

Continuous variables are reported as weighted means
with standard errors (SE), and categorical variables are
reported as weighted percentages with SE. All statistical
analyses for the complex survey design with clustering, strat-
ification, and unequal weighting of the 5-year study period
sample were performed using SAS, version 9.4 (SAS Inc.,
Cary, NC, USA). Significance was set as a p value <0.05.

Results

Characteristics of the participants and trends
in mean SUA levels

A total of 1,869 boys (mean age + SE, 14.3+0.1 years) and
1,685 girls (mean age + SE, 14.2 4+ 0.1 years) were included
in this study (Table 1). Over the 5-year study time period
(2016 to 2020), the mean BMI of boys increased signifi-
cantly from 21.2+0.3 kg/m? to 22.4 +0.3 kg/m? (p=0.001),
and the mean WC of boys increased significantly from
73.2+0.7 cmto 76.3+0.7 cm (p=0.001). In contrast, there
were no significant changes in BMI or WC of girls over the
time period. The prevalence of hyperuricemia was 9.33% in
boys and 9.68% girls, respectively.

Fig. 1 shows mean SUA trends from 2016 to 2020.
Mean SUA increased significantly from 6.01 +0.04 mg/dL.
to 6.16 +0.09 mg/dL in boys (f coefficient=0.057, p for
trend =0.043), while mean SUA did not change significantly
in girls (B coefficient=0.022, p for trend=0.300). These
trends persisted when age-adjusted mean SUA levels were
analyzed, with a significant increase in SUA observed in
boys but not in girls (Fig. 2).

Trends in mean SUA levels according to sex
and age subgroups

We classified ages into three groups: 10-12, 13-15, and
16—-18 years. When considering boys and girls together,
mean SUA increased significantly (B coefficient=0.064,
p for trend=0.029) from 2016 to 2020 in the 10-12 years
group, while there were no statistically significant changes
over time for the other two age groups (1315 years: f3 coef-
ficient=0.040, p for trend =0.254; 16-18 years;  coeffi-
cient=0.047, p for trend=0.160).

In age- and sex-specific analyses, there were statisti-
cally significant increases in mean SUA levels in boys aged
10-12 years (p for trend <0.001), while there were no sta-
tistically significant increases in boys aged 13—15 years or
16-18 years. In girls, there were no statistically significant
changes in SUA over time in all age groups (Fig. 2).

Trends in mean SUA levels according
to the presence of obesity or abdominal
obesity in boys and girls

Table 2 shows mean SUA trends in sex- and BMI-
specific analyses between 2016 and 2020. Mean SUA
levels increased significantly from 6.83 +0.10 mg/
dL to 6.94+0.16 mg/dL in boys with obesity (f
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Fig. 1 Trends in mean serum
uric acid levels among boys and
girls from 2016 to 2020. SUA,
serum uric acid
0.5
~
< 7 < =~ ~ <
=) 7 Lt TTeel L ~ p for trend =.0434
% PR T p for trend =.0815
8 p for trend =.2999
& 0.0
g .
<
Q
g
O
=
-0.5

2016 2017

coefficient=0.152, p for trend =0.026), whereas there
were no significant changes in boys who were under-
weight (p coefficient=0.053, p for trend=0.515), nor-
mal weight (B coefficient=0.022, p for trend=0.518) or
overweight (p coefficient=-0.029, p for trend =0.686).

2018 2019 2020

Year

Overall -
Boys ~ ————-
Girls -

Mean SUA increased significantly from 5.12 +0.18 mg/
dL to 5.74 +0.20 mg/dL in girls with obesity (p coeffi-
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Table 2 Trends in mean serum uric acid levels by sex and obesity subgroups

Group * Serum uric acid, mg/dL (weighted mean + standard error) Age-unadjusted Age-adjusted
2016 2017 2018 2019 2020 B-coefficient p for trend B-coefficient p for trend
Boys
Underweight 5.50+0.27 5.49+0.30 5.68+0.27 5.87+0.16 551+021 0.053 0.515 0.091 0.205
Normal 577+0.11 5.85+0.10 5.80+0.09 591+0.11 5.85+0.11 0.022 0.518 0.031 0.339
Overweight 6.48+0.19 6.30+0.17 6.60+0.21 6.52+0.24 6.28+0.19 -0.029 0.686 0.001 0.989
Obese 6.40+0.23 6.89+0.20 6.61+0.17 7.29+0.19 694+0.16 0.152 0.026 0.149 0.026
Girls
Underweight 4.34+0.10 4.01+0.10 4.03+0.10 4.38+0.09 4.06+0.09 -0.018 0.684 0.003 0.942
Normal 4.51+0.06 4.58+0.07 4.55+0.07 4.56+0.07 4.52+0.06 0.001 0.979 0.000 >0.999
Overweight  4.77+0.24 5.00+0.21 4.99+0.10 4.93+030 5.00+0.17 0.029 0.706 0.031 0.681
Obese 5.12+0.18 5.36+021 5.06+0.18 5.61+0.17 5.74+020 0.149 0.018 0.144 0.023

#Categorized according to body mass index percentile: normal, less than the 85th percentile; overweight, 85th to less than the 95th percentile; or

obese, equal to or greater than the 95th percentile

(B coefficient=0.001, p for trend =0.979) or overweight (8
coefficient=0.029, p for trend =0.706). After adjusting for
age, similar trends remained, with significant increases in
SUA over time in the obesity group for both boys and girls.
Table 3 shows trends in mean SUA levels in sex- and
WC-specific analyses between 2016 and 2020. Mean
SUA increased significantly from 6.26 +0.29 mg/dL to
6.94 +0.17 mg/dL in boys with abdominal obesity (p coef-
ficient=0.172, p for trend =0.033), while mean SUA did
not change significantly in boys without abdominal obe-
sity (P coefficient=0.028, p for trend =0.329). Likewise,
mean SUA increased significantly from 4.98 +£0.20 mg/
dL to 5.72+0.19 mg/dL in girls with abdominal obesity (8
coefficient=0.152, p for trend =0.028), but did not change
significantly in girls without abdominal obesity (p coeffi-
cient=-0.005, p for trend=0.785). After adjusting for age,
similar trends remained, with significant increases in SUA
over time for both boys and girls with abdominal obesity.

Discussion

In this study, we described trends in SUA levels according to
age, sex, obesity, and abdominal obesity over a 5-year period
in Korean children and adolescents. The average SUA levels
during the entire 5 years were 6.01 +0.04 mg/dL in boys
and 4.65 +0.03 mg/dL in girls. The SUA levels followed dif-
ferent trends according to age and sex. Increasing trends in
SUA concentrations were significant only in boys. In age-
specific analysis, there was a significant increase in SUA
in the youngest age group (10-12 years). In age- and sex-
specific analyses, SUA increased significantly only in boys
aged 10-12 years. In sex- and BMI-specific analyses, SUA
levels increased significantly in obese boys and girls, but not
in the overweight, normal, or under-weight groups of either
sex. In sex- and WC-specific analyses, SUA increased sig-
nificantly in both boys and girls with abdominal obesity, but
not in individuals without abdominal obesity in either sex.

Table 3 Trends in mean serum uric acid levels according to sex and abdominal obesity

Group * Serum uric acid, mg/dL (weighted mean =+ standard error) Age-unadjusted Age-adjusted
2016 2017 2018 2019 2020 B-coefficient p for trend B-coefficient p for trend
Boys
Non- 5.87+£0.09 5.88+0.08 592+0.09 6.03+£0.08 593+0.09 0.028 0.329 0.040 0.143
abdominal
obesity
Abdominal 6.26+0.29 7.00+0.20 6.56+0.23 7.65+0.23 6.94+0.17 0.172 0.033 0.186 0.017
obesity
Girls
Non- 4.53+0.05 4.60+0.07 4.56+0.06 4.59+0.07 4.51+0.06 -0.005 0.785 -0.005 0.810
abdominal
obesity
Abdominal 4.98+0.20 5.54+031 535+021 5.71+0.20 5.72+0.19 0.152 0.028 0.181 0.014
obesity

#Abdominal obesity was defined as a waist circumference > 90th percentile, using Korean waist circumference reference data
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A previous study based on nationally representative sur-
veys found no significant changes in SUA or hyperuricemia
trends in the United States adolescent population over the
past 40 years [31]. However, the authors commented that
SUA varied by age, race, sex, and obesity status [31]. They
found that obese adolescents had higher uric acid levels
than non-obese adolescents (5.79 mg/dL vs. 4.93 mg/dL;
p=0.001) [31]. These findings are in line with our results. In
our study, we found increasing SUA trends in boys, but not
in girls, as well as in children and adolescents with obesity
or abdominal obesity, regardless of sex.

Cho et al. reported a close association between SUA lev-
els and MetS or some components of MetS in Korean chil-
dren and adolescents [18]. The odds ratio for the prevalence
of MetS in the highest SUA group, compared to the low-
est SUA group, was 2.897 (95% confidence interval [CI],
1.140-7.361) in boys and 5.173 (95% CI, 1.459-18.342) in
girls [18]. For both boys and girls, subjects in the highest
SUA quartile had an increased risk of abdominal obesity and
low HDL-C [18].

Many cross-sectional studies have shown that increases in
obesity and central obesity are associated with elevated SUA
levels and a higher prevalence of hyperuricemia [15, 17,
32, 33]. Several studies have suggested that adipose tissue
secretes UA and that activation of xanthine oxidoreductase
is closely associated with obesity and insulin resistance (IR)
[4, 33, 34]. A study conducted in Bangladeshi adults showed
that SUA has a significant association with central obesity
after adjusting for BMI [33]. They also found a strong asso-
ciation in overweight or obese women [33]. Obesity, itself,
is associated with elevated SUA through overproduction and
poor excretion of SUA [35]. Excess visceral fat also induces
an elevated influx of plasma free fatty acids into liver and
lead to UA production through activation of UA synthesis
[35]. Additionally, recent evidence suggests that hyperurice-
mia is associated with IR and the subsequent development
of T2DM [13, 36]: SUA plays a role in mediating obesity-
induced IR. Although the mechanisms for the causal rela-
tionship between hyperuricemia and IR have not been fully
elucidated, research with mice suggests that elevated SUA
levels induce IR through inhibition of insulin signaling [4].

A study of MetS trends in Korean children and adoles-
cents showed that both BMI and abdominal obesity preva-
lence increased significantly over 10 years from 2008 to
2017 [37]. In our study, BMI and WC increased significantly
in boys from 2016 to 2020, although there was no significant
increase in BMI or WC in girls over the same time period.

In light of the results of previous studies, we suggest that
worsening trends in SUA levels among children and ado-
lescents with obesity or abdominal obesity may be due to
increased xanthine oxidoreductase activation and UA secre-
tion by adipocytes and adipose tissue. Moreover, changes
in dietary patterns secondary to coronavirus disease-19

(COVID-19) may have a substantial impact on children and
adolescents with obesity or central obesity. A study inves-
tigating factors related to obesity in Korean adolescents
before and during the COVID-19 pandemic reported that
the prevalence of obesity increased slightly from 11.31%
pre-pandemic to 12.48% during the pandemic, based on an
analysis of the Korean Adolescent Risk Behavior Web-based
Survey of middle and high school students in 2019-2020
[38]. According to a study on changes in the eating habits
of Koreans during the COVID-19 pandemic, eating outside
the home decreased sharply during the pandemic, while
eating home-cooked meals increased; however, replacing
home-cooked meals with delivered food also increased
[38]. Adhering to regular mealtimes, which is commonly
practiced while attending school or work, also decreased
with the pandemic, while the proportion of irregular meal-
times increased [39]. Ammar et al. reported that unhealthy
diet patterns, such as binge eating and snacking, increased
in most countries in a survey focusing on West Asia, East
Africa, and Europe that studied the effects of COVID-19 on
individual lifestyles [40].

Fructose consumption may contribute to hyperuricemia
by stimulating the catabolism of adenine nucleotides, and
fructose intake has increased significantly over the past few
decades [41]. This worsening trend of fructose intake is
consistent with a substantial increase in metabolic diseases,
including obesity, nonalcoholic fatty liver disease, cardio-
vascular disease and diabetes [42]. It has been reported that
the typical intake of a Western diet of fructose is 49 g per
day and only 8 g from natural sources [43], and a rise in
fructose intake is associated with an increase in processed
sugar and sugar-sweetened beverages. A recent study on
the dietary intake of Korean adolescents showed that the
intake of carbonated beverages has increased significantly
[44]. In particular, the rate of participants with consump-
tion of two or more carbonated beverages per day increased
from 28.1% in 2015 to 36.9% in 2019 (p<0.01). The rate
of participants drinking two or more carbonated beverages
was 39.8% in boys, which was higher than 24.9% in girls. In
BMI-specific analysis, the rate of participants drinking two
or more carbonated beverages in the obese group was 34.3%,
which was higher than 31.7% in the normal group or 31.9%
in the overweight group (p <0.001) [44]. These findings are
in line with the worsening trends of SUA in this study. In
addition, a study surveyed on Korean children and adoles-
cents from 2008 to 2018 reported that soft drink intake sig-
nificantly increased (38.2-102.7 g/day; p for trend < 0.0001)
and that soft drink intake was higher in boys than girls and
in obese groups than in normal or overweight groups [45].
An increases in soft drinks intake leads to increased fructose
intake, which could affect worsening trends in SUA levels.
The aforementioned evidence could support our findings
that SUA increased significantly in boys aged 10-12 years,
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obese boys, and obese girls. Further studies are needed to
clarify theses age-, obesity- and sex-specific results.

Elevated SUA is associated with excessive cardiovas-
cular mortality, hypertension, T2DM, and chronic kidney
disease and is considered an indicator of MetS [46]. It is
important to identify risk factors early in childhood to help
prevent the development of T2DM and CVD. Since obesity
is a major cause of hyperuricemia in children and adoles-
cents, weight management through lifestyle modifications,
such as diet, physical activity, and behavioral changes, is
important in this age group [47]. In a study of 33 obese
children, Togashi et al. demonstrated a significant decrease
in SUA levels after a 3-month intervention involving diet
and exercise [48]. Krzystek-Korpacka et al. reported that
SUA levels decreased in 85.7% of females and 67.7% of
males after a 1-year weight-loss program in children and
adolescents 10—17 years of age [49]. Early, appropriate
intervention is particularly important in relation to the
chronic diseases causing hyperuricemia that begin in child-
hood. Therefore, large-scale clinical trials with long-term
follow-up are required to determine whether lowering SUA
levels can prevent and treat obesity, abdominal obesity,
and MetS.

This study has some limitations. First, since we used data
from KNHANES, the results of this study may not be gen-
eralizable to other races and countries. Second, our study
was limited to identifying trends in SUA levels; the exact
etiology of the worsening trends in SUA levels observed
in individuals with obesity or central obesity could not be
ascertained. Third, we could use only KNHANES data
from 2016 to 2020 because of the lack of information about
SUA levels before this time. Future studies are necessary
to examine longer-term SUA trends in Korean children and
adolescents. Nevertheless, this study is the first report evalu-
ating trends in SUA levels according to age, sex, obesity, and
abdominal obesity in Korean children and adolescents based
on national representative health and nutrition survey data
over a recent 5-year period.

Conclusion

In this study, we found that in Korean children and ado-
lescents, SUA levels increased significantly in the young-
est age group (10-12 years) and in the obesity and central
obesity groups in both boys and girls. It is important to find
and manage risk factors from an early age to prevent the
development of cardiometabolic diseases, such as T2DM
and CVD. Our findings suggest that SUA levels should be
monitored regularly in Korean children and adolescents,
especially those with obesity or abdominal obesity. Efforts
should also focus on maintaining a healthy weight to reduce
the number of individuals with obesity or abdominal obesity.
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