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OBJECTIVE: To investigate the relationship of serum uric acid (Uacid) and derived parameters as predictors of insulin resistance (IR)
and elevated liver transaminases in children and adolescents

METHODS: Data of 1648 participants aged 10-18 years was analyzed using nationwide survey. Logistic regression analysis was
performed with IR and elevated liver transaminases as dependent variables, and odds ratios (ORs) and 95% confidence intervals
(Cls) for tertiles 2 and 3 of each parameter in comparison to tertile 1, which served as the reference. Receiver operating
characteristic (ROC) curves were generated to assess predictability of the parameters for IR and elevated liver transaminases.
RESULTS: Hyperuricemia, IR, and elevated liver transaminases were significantly associated with each other. All Uacid and derived
markers showed continuous increase in ORs and 95% Cls for IR and elevated liver transaminases across the tertiles of several
biochemical and metabolic variables of interest (all p <0.001), and were also significantly predictive in ROC curve. Overall, Uacid
combined with obesity indices showed higher ORs and area under the curve (AUC) compared to Uacid alone. Uacid-body mass
index (BMI) standard deviation score presented the largest AUC for IR. For elevated liver transaminases, Uacid-BMI and Uacid-waist-
to-height ratio showed the largest AUC.

CONCLUSIONS: Uacid combined with obesity indices are robust markers for prediction of IR and elevated liver transaminases in
children and adolescents. Uacid and derived markers have potential as simple markers which do not require fasting for screening of
IR and elevated liver transaminases in children and adolescents.

European Journal of Clinical Nutrition; https://doi.org/10.1038/s41430-024-01475-z

INTRODUCTION
Steatotic liver disease (SLD) is a chronic liver condition character-
ized by accumulation of excessive fat in the liver, often
accompanied by elevated hepatic enzymes [1, 2]. MASLD is a
SLD accompanied by metabolic dysfunction without significant
alcohol drinking, replacing the classic concept of non-alcoholic
fatty liver disease (NAFLD) [2]. MASLD is recognized as a significant
contributor to liver fibrosis, advanced liver disease, and is closely
linked to various cardio-metabolic risk factors, such as obesity,
dyslipidemia, and insulin resistance (IR) [3]. In the United States,
the prevalence of SLD and MASLD were high at 38.9% and 32.5%,
respectively [4]. To prevent progression of MASLD and related
complications, early screening is important. Although alanine
aminotransferase (ALT) is recommended for a screening method
for pediatric NAFLD and various biomarkers has been suggested
for MASLD in adults, investigations on screening strategy
including biomarkers for pediatric MASLD is limited yet [1, 5-71.
Meanwhile, IR plays a key role in the development of metabolic
diseases, including MASLD [3, 8]. IR leads to increase in serum level
of insulin, glucose, and fatty acids, which in turn promotes
accumulation of fatty acids and triglycerides in the liver [1]. The

glucose clamp technique, a classical method for measuring IR, is
highly invasive, involving intravenous catheters and continuous
monitoring and impractical for large-scale studies [9]. Therefore,
an alternative approach, the homeostasis model assessment of IR
(HOMA-IR) index, has been introduced as a reliable method for
quantifying IR [10, 11]. However, HOMA-IR relies on fasting blood
samples, which can be clinically relevant for some individuals.
Moreover, there is no standardized protocol for measuring insulin
levels, and such measurements are not routinely conducted in
children. Therefore, investigations on development of simple
markers for IR are required.

Meanwhile, Uacid has emerged as a valuable biomarker for
predicting and understanding metabolic conditions including
MASLD, and does not require fasting [12, 13]. This connection
stems from Uacid’s role in promoting IR, a central factor in the
pathogenesis of hepatic steatosis, as well as its correlation with
other metabolic risk factors, such as obesity and dyslipidemia [12].
A systematic review reported that OR of NAFLD was 1.92 times
higher when comparing individuals with the highest serum Uacid
levels to those with the lowest levels [13]. Moreover, a population-
based study reported a recent increase in the serum Uacid level
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KNHANES 2019-2021 (n=22,559)

Participants aged 10-18 (n=1,919)

Excluded (n=271)
* Participants with known diabetes (n=12)
— * Missing anthropometric data (n=148)
* Missing fasting glucose and/or insulin level (n=108)
¢ Missing AST and ALT (n=3)

1,648 participants included

Fig. 1 Flowchart of study population selection. KNHANES Korea
National Health and Nutrition Examination Survey, AST aspartate
transaminase, ALT alanine transaminase, IR insulin resistance.

among Korean children and adolescents. In addition, obesity
indices, such as BMI, waist circumference (WC), and waist-to-
height ratio (WHtR), are closely related with IR and MASLD [1, 9].
Thus, some studies have reported that biomarkers for the
prediction of IR or fatty liver could be more powerful when they
were combined with obesity indices [8, 14, 15]. In addition, Uacid
combined with other biomarkers, such as creatinine (Cr) or high-
density lipoprotein (HDL), have been suggested as alternative
markers for hepatic steatosis in adults [7, 16]. However, research
exploring the association of Uacid with IR, MASLD, and abnormal
liver enzymes considering obesity indices or other biomarkers
among children and adolescents is currently limited.

Therefore, we aimed to investigate the predictive value of
Uacid-derived markers, which combined Uacid and Cr and HDL, as
well as obesity indices, including BMI, BMI SDS, WC, and WHtR, for
IR and elevated liver transaminases in the youth by analyzing data
from the Korea National Health and Nutrition Examination Survey
(KNHANES). Our objectives were to: 1) examine the association
between hyperuricemia and IR and elevated liver transaminases,
2) compare Uacid and Uacid-derived markers for prediction of IR
and elevated liver transaminases, and 3) establish the optimal
cutoff value of Uacid and derived marker for prediction of IR and
elevated liver transaminases.

METHODS

We retrospectively evaluated data from 1648 children and adolescents
aged 10-18 years who participated in the KNHANES conducted between
2019 and 2021. Figure 1 illustrates the study design and workflow.
KNHANES is a nationally representative survey conducted in Korea,
employing a complex, stratified, multistage probability sampling method
to select participants from the entire population. The survey is
administered by the Korea Centers for Disease Control and Prevention
and encompasses health surveys, medical examinations, and nutrition
assessments. Sample weights were applied to address variations in
selection probabilities and non-response rates, and these weighted data
were subsequently adjusted to accurately reflect the demographics of the
Korean population by sex and age groups [17].

Participants’ weights were determined with a scale (Giant 150 N, HANA,
Seoul, South Korea) accurate to the nearest 0.1 kg, while their heights were
measured using a stadiometer (range: 850-2060 mm; Seriter, Holtain Ltd.,
Crymych, UK) with precision to the nearest 0.1 cm. BMI was computed as the
weight in kilograms divided by the square of the height in meters. The height,
weight, and BMI were then expressed as standard deviation score (SDS)
values, referencing the 2017 Korean National Growth Charts [18]. Children
were categorized based on their BMI into four groups: underweight (BMI <5th
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percentile), normal weight (BMI 5th—85th percentile), overweight (85th—
95th percentile), and obesity (BMI =95th percentile). The measurement of WC
was taken at the midpoint between the costal margin and iliac crest during a
normal exhalation using a tapeline by trained nurses. WHtR was calculated by
dividing the waist circumference (cm) by the height (cm).

Blood samples were obtained from the antecubital vein after an overnight
fast of 8 h. These samples were then processed and promptly stored in a
refrigerator. The levels of aspartate aminotransferase and ALT in the serum
were determined using commercially available kits (Pureauto S ALT, Daiichi
Pure Chemicals, Tokyo, Japan) without employing the pyridoxal-5-
phosphate method, relying instead on ultraviolet light measurement. Serum
insulin levels were assessed using the Wizard 1470 gamma counter (Perkin-
Elmer, Turku, Finland). Plasma concentrations of fasting glucose, Uacid, total
cholesterol, HDL, and triglycerides were measured using the Hitachi
Automatic Analyzer 7600/7600-210 (Hitachi, Tokyo, Japan). Serum Cr was
measured using Cobas ¢702 (Roche Diagnostics, Mannheim, Germany).

Low-density lipoprotein cholesterol (LDL) concentrations were determined
using the Friedewald formula, which was computed as follows: LDL = total
cholesterol — [HDL + (triglycerides/5)] [19]. Non-HDL levels were calculated
by subtracting HDL from the total cholesterol. The HOMA-IR was calculated
as fasting insulin (mg/dL) multiplied by fasting glucose (mg/dL) and then
divided by 22.5, and IR was defined as having a HOMA-IR value exceeding
the 95th percentile for each gender and age group, as determined by the
Korean HOMA-IR reference data [20]. ALT elevation was defined as having
ALT levels higher than 26 IU/L for males and greater than 22 IU/L for females,
provided there was no concurrent hepatitis B viral infection [5, 21].
Hyperuricemia was defined as higher uric acid levels based on age-specific
reference value [22]. Uacid derived markers were defined and calculated as
follows: Uacid divided by Cr (Uacid/Cr), Uacid divided by HDL (Uacid/HDL),
Uacid x BMI (Uacid-BMI), Uacid x BMI SDS (Uacid-BMI SDS), Uacid x WC
(Uacid-WC), Uacid x WHtR (Uacid-WHtR) [23-25].

All categorical variables are presented as numbers and weighted
percentages, and continuous variables are presented as weighted means
and standard errors. Student'’s t-test was used to compare the mean values of
continuous variables. The Rao-Scott chi-square test was used to compare
categorical variables. Logistic regression analyses were performed with IR and
elevated liver transaminases as dependent variables to investigate the
relationship among obesity, central obesity, hyperuricemia, IR, and elevated
liver transaminases. ORs and their corresponding 95% confidence intervals
(Cls) were calculated for tertiles 2 and 3 of each parameter, with tertile
1 serving as the reference point for comparison. Sensitivity and specificity were
determined as the optimal cutoff values for the markers, employing Youden'’s
index. Receiver operating characteristic (ROC) curves were generated to assess
and compare the relative diagnostic effectiveness of these parameters in
identifying IR and elevated liver transaminases. Pairwise comparisons of the
parameters’ area under the curve (AUC) values were carried out using the
bootstrap method. Statistical significance was established at a p value of less
than 0.05. All statistical analyses were conducted using SAS version 9.4 (SAS
Inc., Cary, NC) and R version 4.2.2 (The R Foundation for Statistical Computing,
Vienna, Austria), accounting for the complex survey design with clustering,
stratification, and unequal weighting of the KNHANES sample.

RESULTS

Table 1 presents a comparison of the clinical characteristics of
participants with or without IR and elevated liver transaminases.
Obesity-derived anthropometric indices, including BMI, BMI SDS,
WC, and WHtR, and biochemical indices, including total cholesterol,
LDL, non-HDL, triglycerides, glucose, insulin, HOMA-IR, AST, ALT, and
hyperuricemia, were higher in the IR and ALT elevation groups
compared to the non-IR and normal ALT groups, respectively
(p=0.002 for total cholesterol and p=0.011 for glucose in
comparison between ALT elevation and normal ALT, and p <0.001
for the other comparisons). In contrast, HDL level was lower in the IR
and ALT elevation groups compared to those in the non-IR and
normal ALT groups (all p < 0.001). Overall, the IR and ALT elevation
groups had higher values of Uacid and Uacid-derived markers than
those in the non-IR and normal ALT groups (all p < 0.001).

In logistic regression analyses with IR and ALT elevation as
dependent variables, ORs of general obesity for IR was 4.38 (95%
Cl, 2.23-8.63; p<0.001), and the corresponding values for ALT
elevation were 4.00 (95% Cl, 2.01-7.94; p<0.01), respectively
(Table 2). The hyperuricemia group had OR value of
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Table 1. Baseline characteristics of participants with respect to IR and ALT elevation.

Variables

Age, year

Sex, female, %

Height SDS

Weight SDS

BMI, kg/m?*

BMI SDS

BMI percentile,
Underweight, %
Normal, %
Overweight, %
Obesity, %

WC, cm

WHtR

Total cholesterol, mg/

dL

LDL, mg/dL
HDL, mg/dL
non-HDL, mg/dL
Cr, mg/dL

Triglycerides, mg/dL

Glucose, mg/dL
Insulin, plU/mL
HOMA-IR

IR?, %

AST, mg/dL

ALT, mg/dL

ALT elevation, %
Uacid, mg/dL
Hyperuricemia, %
Uacid/Cr
Uacid/HDL
Uacid-BMI
Uacid-BMI SDS
Uacid-WC
Uacid-WHtR

Total
(n = 1648)

14.13 (0.07)
47.28 (1.36)
0.35 (0.03)
0.31 (0.04)
21.39(0.15)
0.18 (0.05)

7.98 (0.77)
66.50 (1.49)
9.25 (0.79)
16.27 (1.24)
72.26 (0.39)
0.45 (0.00)
163.69 (0.86)

94.86 (0.74)
51.95 (0.32)
111.74 (0.83)
0.67 (0.00)

87.77 (1.60)
92.09 (0.22)
15.37 (0.39)
3.57 (0.10)
22.61 (1.35
21.53 (0.30
17.93 (0.51
14.97 (1.05
5.49 (0.05)
14.79 (1.18)
8.43 (0.07)

0.11 (0.00)

120.45 (1.73)
1.81 (0.32)

405.74 (5.30)
2.48 (0.03)

)
)
)
)

IR (n =381)

13.78 (0.17)
36.12 (2.78)
0.58 (0.06)
1.55 (0.08)
25.89(0.38)
1.60 (0.10)

1.52 (0.97)
32.25 (3.09)
17.41 (2.13)
48.82 (3.25)
83.26 (0.86)
0.51 (0.00)
170.04 (1.74)

101.08 (1.61)
46.88 (0.60)
123.16 (1.68)
0.66 (0.01)
120.50 (3.83)
96.26 (0.45)
31.05 (1.21)
7.42 (0.31)

24.47 (0.73)
28.96 (1.58)
33.86 (2.70)
6.15 (0.09)
33.48 (2.89)
9.63 (0.15)
0.14 (0.00)
161.27 (4.34)
10.84 (0.78)
523.72 (12.75)
3.18 (0.07)

(
(

Non-IR
(n=1267)

14.23 (0.08)
50.54 (1.55)
0.28 (0.04)

-0.05 (0.04)
20.60(0.14)
-0.24 (0.04)

9.86 (0.95)
76.51 (1.26)
6.86 (0.79)
6.77 (0.80)
69.04 (0.31)
0.43 (0.00)
161.83 (0.91)

93.05 (0.77)
53.43 (0.34)
108.41 (0.83)
0.67 (0.01)
78.21 (1.40)
90.87 (0.23)
10.79 (0.14)
2.44 (0.03)

20.68 (0.30)
14.71 (0.37)
9.45 (0.98)
5.30 (0.05)
9.35 (1.06)
8.08 (0.07)
0.10 (0.00)

108.58 (1.36)
-0.82 (0.21)

37141 (4.52)
2.28 (0.02)

p value*

0.018

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
0.280

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

ALT elevation
(n=251)

14.61 (0.19)
26.19 (3.06)
0.47 (0.10)
1.49 (0.10)
20.17(0.11)
1.57 (0.12)

1.97 (0.85)
33.77 (3.57)
14.48 (2.46)
49.78 (3.77)
84.99 (0.93)
0.51 (0.01)

170.71 (2.51)

103.03 (2.12)
47.44 (0.66)
123.26 (2.33)
0.71 (0.01)
109.63 (4.46)
93.43 (0.57)
25.00 (1.59)
5.88 (0.39)
51.14 (3.57)
34.03 (1.38)
48.39 (2.08)

6.56 (0.11)
35.15 (3.65)
9.54 (0.16)
0.14 (0.00)
173.17 (4.31)
11.17 (0.84)
567.27 (12.99)
3.40 (0.07)

Normal ALT
(n=1397)

14.05 (0.08)
51.00 (1.47)
0.33 (0.04)
0.10 (0.04)
25.57(0.34)
-0.07 (0.05)

9.03 (0.88)
72.27 (1.45)
8.33 (0.76)
10.37 (1.11)
70.02 (0.35)
0.43 (0.00)
162.45 (0.89)

93.43 (0.76)
52.74 (0.35)
109.71 (0.84)
0.66 (0.01)
83.93 (1.59)
91.85 (0.24)
13.68 (0.31)
3.16 (0.08)
17.59 (1.31)
19.33 (0.17)
12.56 (0.15)

5.30 (0.04)
11.21 (1.15)
8.24 (0.07)
0.11 (0.00)
111.18 (1.57)
0.16 (0.29)
377.32 (4.83)
2.32 (0.03)

Continuous variables are presented as weighted means (standard errors), and categorical variables as percentages (standard error).
IR insulin resistance, ALT alanine aminotransferase, SDS standard deviation score, BMI body mass index, WC waist circumference, 90p 90th percentile, WHtR
waist-to-height ratio, LDL low-density lipoprotein cholesterol, HDL high-density lipoprotein cholesterol, Cr creatinine, HOMA-IR homeostasis model assessment
of insulin resistance, AST aspartate aminotransferase, Uacid uric acid.

*P value was assessed using Student’s t-test and Rao-Scott chi-square test.
IR was defined as the HOMA-IR above the 95th percentile for each gender and age using the Korean HOMA-IR reference data.

p value*

0.008
<0.001

0.182
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
0.002

<0.001
<0.001
<0.001
<0.001
<0.001

0.011
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Table 2. Odds ratio of IR and ALT elevation according to each parameter.

BMI percentile

Normal and underweight

Overweight
Obesity
Hyperuricemia
IR
ALT elevation

IR
OR (95% ClI)

Reference

2.90 (1.69-4.97)
4.38 (2.23-8.63)
1.91 (1.33-2.76)

1.65 (1.15-2.36)

p value*

0.13
<0.001
<0.001

0.006

Logistic regression analyses were performed with IR and ALT elevation as dependent variables.

*P value is assessed using logistic regression.

IR insulin resistance, ALT alanine aminotransferase, OR odds ratio, C/ confidence interval.

European Journal of Clinical Nutrition

ALT elevation

OR (95% ClI)

Reference

2.17 (1.20-3.89)
4.00 (2.01-7.94)
1.81 (1.04-3.17)
1.63 (1.13-2.34)

p value*

0.729
<0.001
0.037
0.009
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Table 3. Odds ratio for IR and elevated liver transaminases according to tertiles of each parameter.

IR ALT elevation
OR (95% Cl) p value* OR (95% Cl) p value*

Uacid, mg/dL

T2 1.46 (1.00-2.13) 0.013 3.31 (1.94-5.67) 0.787

T3 4.39 (3.04-6.35) <0.001 9.86 (6.24-15.60) <0.001
Uacid/Cr

T2 2.04 (1.40-2.95) 0.564 1.73 (1.11-2.69) 0.474

T3 4.94 (3.37-7.25) <0.001 3.83 (2.50-5.88) <0.001
Uacid/HDL

T2 1.52 (1.04-2.20) 0.007 1.65 (1.03-2.67) 0.015

T3 5.23 (3.62-7.55) <0.001 6.95 (4.64-10.42) <0.001
Uacid-BMI

T2 2.37 (1.56-3.62) 0.153 2.40 (1.36-4.24) 0.040

T3 8.91 (5.94-13.37) <0.001 13.64 (8.32-22.34) <0.001
Uacid-BMI SDS

T2 2.59 (1.59-4.20) 0.004 1.87 (1.05-3.33) 0.005

T3 18.74 (11.44-30.69) <0.001 11.73 (7.13-19.30) <0.001
Uacid-WC

T2 2.66 (1.75-4.04) 0.635 3.39 (1.88-6.11) 0.500

T3 8.17 (5.44-12.26) <0.001 15.11 (8.83-25.87) <0.001
Uacid-WHtR

T2 2.54 (1.67-3.87) 0.167 4.59 (2.55-8.26) 0.824

T3 9.89 (6.54-14.95) <0.001 19.22 (11.43-32.31) <0.001
Total cholesterol, mg/dL

T2 1.43 (1.03-1.99) 0.867 1.07 (0.70-1.65) 0.184

T3 1.95 (1.43-2.67) <0.001 1.86 (1.19-2.91) 0.002
Triglycerides, mg/dL

T2 2.34 (1.56-3.52) 0.552 1.50 (0.96-2.35) 0.445

T3 6.59 (4.50-9.65) <0.001 2.93 (1.87-4.58) <0.001
HDL, mg/dL

T2 0.39 (0.28-0.53) 0.189 0.41 (0.28-0.59) 0.096

T3 0.22 (0.16-0.31) <0.001 0.30 (0.20-0.45) <0.001
LDL, mg/dL

T2 1.37 (0.99-1.90) 0.527 1.76 (1.14-2.72) 0.683

T3 2.23 (1.60-3.10) <0.001 2.67 (1.73-4.13) <0.001
Non-HDL, mg/dL

T2 1.63 (1.15-2.30) 0.399 2.31 (1.48-3.58) 0.349

T3 3.38 (2.42-4.72) <0.001 3.82 (2.42-6.04) <0.001
Insulin, plU/mL

T2 2.18 (1.35-3.53) 0.254

T3 7.29 (4.72-11.26) <0.001
HOMA-IR

T2 242 (1.45-4.05) 0.679

T3 6.97 (4.49-10.82) <0.001

ORs and 95% Cls of tertiles 2 and 3 for each parameter were calculated and compared with tertile 1 as a reference.

*p value is assessed using logistic regression.

IR insulin resistance, ALT alanine aminotransferase, OR odds ratio, C/ confidence interval, T Tertitle, Uacid uric acid, Cr creatinine, HDL high-density lipoprotein
cholesterol, BMI body mass index, WC waist circumference, WHtR waist-to-height ratio, TC total cholesterol, HDL high-density lipoprotein cholesterol, LDL low-
density lipoprotein cholesterol, HOMA-IR homeostasis model assessment of insulin resistance.

1.91 (95% Cl, 1.33-2.76; p < 0.01) for IR and 1.81 (95% Cl, 1.04-3.17; Table 3 shows OR and 95% Cl of the biochemical and
p 0.037) for ALT elevation. In addition, OR of IR for ALT elevation metabolical variables for IR and ALT elevation among the whole
was 1.63 (95% Cl, 1.13-2.34; p = 0.009) population, with tertiles calculated using tertile 1 as the reference
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point for comparison. The ORs and 95% Cls for IR and ALT
elevation progressively increased across tertiles of each variable,
including Uacid, Uacid-Cr, Uacid-HDL, Uacid-BMI, Uacid-BMI SDS,
Uacid-WC, Uacid-WHTtR, total cholesterol, triglycerides, LDL, and
non-HDL, among the total subjects (Table 3). Uacid combined with
obesity indices exhibited ORs of tertile 3 ranging as 8.17-18.74
compared with those of tertile 1, while the Uacid, Uacid-Cr, and
Uacid-HDL exhibited ORs of tertile 3 as 4.39. 494, and 5.23
compared with those of tertile 1 for IR in all individuals. For ALT
elevation, Uacid combined with obesity indices exhibited ORs of
tertile 3 ranging as 11.73-19.22 compared with those of tertile 1,
while the Uacid, Uacid/Cr, and Uacid/HDL exhibited ORs of tertile 3
as 9.86, 3.83, and 6.95 compared with those of tertile 1 in all
individuals. Among the indices, Uacid-BMI SDS presented the
highest ORs and 95% Cls for IR in the total subjects (OR, 18.74),
and Uacid-WHtR for ALT elevation (OR, 19.22), respectively.
Overall, Uacid combined with obesity indices presented higher
ORs and 95% Cis for IR compared to Uacid alone, Uacid/Cr, Uacid/
HDL and lipid parameters. The same results were shown for ALT
elevation, and it was also superior to insulin and HOMA IR.
Table 4 and Fig. 2 summarize the results of ROC curve analyses
and AUCs with the corresponding 95% Cls for Uacid and Uacid-
derived markers to predict IR and ALT elevation. All variables
predicted IR and ALT elevation significantly (all p < 0.001). The cut-
off values for IR prediction were 5.95, 9.13, 0.11, 139.89, 3.54,
438.38, and 2.56 for Uacid, Uacid-Cr, Uacid-HDL, Uacid-BMI, Uacid-
BMI SDS, Uacid-WC, and Uacid-WHtR, respectively. All Uacid
combined with obesity indices showed higher AUC compared to
Uacid, Uacid/Cr, and Uacid/HDL for IR. Uacid-BMI SDS showed the
largest AUC for IR detection at 0.837. In addition, Uacid/HDL
presented higher AUC compared to Uacid. The cutoff values for
ALT elevation prediction were 5.55, 9.17, 0.12, 137.88, 3.76, 421.86,
2.49, 1545, and 3.04 for Uacid, Uacid/Cr, Uacid/HDL, Uacid-BMI,
Uacid-BMI SDS, Uacid-WC, Uacid-WHtR, insulin, and HOMA-IR,
respectively. All Uacid combined with obesity indices showed
higher AUC compared to Uacid, Uacid/Cr, Uacid/HDL, insulin, and
HOMA-IR for ALT elevation. Uacid-WHtR showed the largest AUC
for ALT elevation detection at 0.803. Uacid-BMI SDS presented
significantly higher AUC values and 95% Cls than all other
parameters for IR prediction (all p<0.001) (Supplementary
Table S1). For ALT elevation prediction, all Uacid combined with
obesity indices presented higher AUC compared to Uacid, Uacid/
Cr, Uacid/HDL, insulin, and HOMA-IR. In addition, Uacid-BMI and
Uacid- WHtR had the highest AUC among the parameters.

DISCUSSION

This study demonstrated that Uacid combined with obesity
indices can be useful predictors for IR and ALT elevation in
children and adolescents. These parameters were superior to
Uacid, Uacid/Cr, and Uacid/HDL for prediction of IR and ALT
elevation. Moreover, Uacid combined with obesity indices was
superior to insulin level and HOMA-IR for ALT elevation prediction,
although insulin and HOMA-IR were also useful for ALT elevation
prediction. In addition, hyperuricemia, IR, and ALT elevation were
closely related to each other.

In our study, Uacid was related to IR and ALT elevation, which
showed a strong interconnection with each other. A retrospective
study reported that HOMA-IR was positively associated with Uacid
among youth with obesity [26]. Another retrospective study
reported that serum Uacid level was related to non-alcoholic
steatohepatitis among children with obesity [27]. Kim et al.
suggested Uacid and HOMA-IR as predictors for NAFLD in children
with obesity [28]. A cross-sectional study reported that high serum
Uacid could be a useful marker for prediction of fatty liver disease
in youth [29]. Relationship between Uacid and IR and hepatic
steatosis can be explained by the following reasons: 1)
Hyperuricemia decrease nitric oxide synthase activity, which
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Fig.2 ROC curve for each parameter to predict IR and ALT elevation. ROC curves to predict IR in (A) and ALT elevation in (B). The dot on the
curves represents the position of cutoff point in ROC curve. ROC receiver operating characteristic, ALT alanine transaminase, IR insulin
resistance, Uacid uric acid, Cr creatinine, BMI body mass index, WC waist circumference, WHtR waist-to-height ratio, HOMA-IR homeostasis

model assessment of insulin resistance.

induce IR; 2) Intracellular Uacid stimulates adenosine monopho-
sphate dehydrogenase enzyme activity while inhibiting adenosine
monophosphate kinase enzyme activity, and adenosine mono-
phosphate dehydrogenase, in turn, stimulates hepatic gluconeo-
genesis while intracellular adenosine monophosphate kinase
inhibits this process; 3) Endothelial dysfunction, oxidative stress,
inflammation, and IR induced by hyperuricemia contribute to
development of hepatic steatosis [13].

Uacid combined with obesity indices were more powerful
than Uacid alone, Uacid/HDL, and Uacid/Cr for IR prediction in
our study. This is because IR is closely associated with obesity
and central obesity [9, 30]. Adipose tissue generates hormones,
cytokines, and adipokines, such as leptin and adiponectin; and
an imbalance in these molecules, frequently seen in obesity, can
trigger inflammation and IR [31]. Moreover, in obesity, increased
free fatty acids can enter the liver through portal circulation,
leading to an increase in hepatic lipid synthesis, gluconeogen-
esis, and the development of IR within the liver [32, 33]. Among
the Uacid-derived markers, Uacid-BMI SDS was the most
powerful predictor for IR prediction in our study. In children,
obesity is defined as having a BMI at or above the 95™ percentile
of sex- and age-specific reference values, making BMI SDS
generally more appropriate than BMI alone for assessment [34].
In our previous study, triglyceride glucose index was more
powerful for IR prediction when combined with BMI SDS,
compared to BMI [9].

For ALT elevation, Uacid combined with obesity indices were
more powerful than Uacid alone. Obesity induces excessive fat
tissue throughout the body, which can be stored in the liver,
resulting in hepatic steatosis, which is a key characteristic of
hepatic steatosis [35]. Moreover, the excess fat in obesity,
especially visceral fat, produces pro-inflammatory cytokines that
can promote inflammation in the liver, worsening hepatic
steatosis [32]. In addition, IR induced by obesity accelerates
progression of hepatic steatosis [1, 8]. In a pediatric study, OR for
children with BMI SDS above 3 was 2.56 compared to those with
2 <BMI-SDS < 3 [36]. In a nationwide study, OR per BMI SDS unit

SPRINGER NATURE

was 4.67 for NAFLD risk among children with obesity [37].
Especially, Uacid-WHtR was a powerful predictor for ALT elevation
in our study. Accumulation of visceral abdominal fat leads to an
increase in circulating free fatty acids, contributing to the onset of
hepatic steatosis, which is more closely associated with WC rather
than BMI [8, 38]. A systematic review reported that WHtR showed
a significant increase in NAFLD patients compared to the control
group, with a mean difference of 0.073 [39]. A cross-sectional
study reported that overweight individuals with central adiposity
or IR faced a higher risk of NAFLD compared to those with milder
central adiposity or IR, even if their obesity status was similar.
Uacid/HDL was significantly associated with both IR and ALT
elevation. The mechanism regarding the negative relationship
between HDL and IR can be explained by the following reasons: 1)
Ceramide, a sphingolipid positively associated with IR, may be
taken up by HDL from adipose tissue [40]. Thus, lower HDL levels
could indicate higher tissue ceramide concentrations, which
related to IR; 2) In individuals with IR, HDL level decreases due
to increased inflammatory cytokines, which are elevated due to
the visceral obesity typically seen in the metabolic syndrome
[41, 42]. In addition, the association of HDL with obesity and IR
might contribute to the relationship between HDL and hepatic
steatosis [1, 7, 43]. A cross-sectional study reported that Uacid/HDL
was related to HOMA-IR in adults with type 2 diabetes [44].
Moreover, a cohort study reported that Uacid/HDL was signifi-
cantly related to NAFLD in adults with normal serum Uacid [7].
Our research had some limitations. First, it was a cross-sectional
study limited to the Korean population. Second, we were unable
to consider factors such as pubertal status, dietary habits, and
physical activity. Third, imaging studies or liver biopsies for hepatic
steatosis were not included. Thus, we investigated elevated liver
transaminase instead of MASLD. Although there are many other
causes of transaminase elevation and SLD, the KNHANES only
provides information on hepatitis B virus for children; therefore,
only this factor could be considered. Fourth, we were not able to
consider measuring both lean and fat body mass in our study.
However, this study assessed Uacid and derived markers as
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predictors of IR and ALT elevation across a large number of
children and adolescents. In addition, we proposed new
parameters, Uacid combined with obesity indices, as predictive
markers for IR and ALT elevation in youth.

In conclusion, this study demonstrates the value of combining
Uacid with obesity indices as robust predictors of IR and ALT
elevation as well as intricate interplay among hyperuricemia, IR,
and ALT elevation in children and adolescents. These combined
parameters outperform individual Uacid alone and other derived
markers in predicting both IR and ALT elevation. Notably, they also
exhibit superior predictive power compared to insulin levels and
HOMA-IR for ALT elevation. Combination of Uacid with obesity
indices does not require fasting, making it a convenient tool for
early detection and prevention strategies in the pediatric
population. Therefore, this research underscores the potential of
Uacid combined with obesity indices for the screening of IR and
MASLD among children and adolescents.

DATA AVAILABILITY
The data used in this study is available in the KNHANES website. https://
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