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SPISE and METS-IR are powerful predictive markers for pediatric MASLD. The optimal cutoff values of SPISE and METS-IR

for predicting pediatric MASLD are <7.004 and >37.082, respectively.

Highlights:

e SPISE and METS-IR are powerful predictive markers of
pediatric MASLD.

e SPISE and METS-IR have superior MASLD predictive ability
than TG/HDL and TyG.

e The optimal cut-off values for SPISE and METS-IR are
<7.004 and >37.082, respectively.

https://doi.org/10.1016/j.jhepr.2025.101419

Impact and implications:

The increasing prevalence of pediatric metabolic dysfunction-
associated steatotic liver disease (MASLD) and its strong as-
sociation with cardiometabolic risk factors underscore the need
for effective early detection tools. Our study demonstrates that
single-point insulin sensitivity estimator (SPISE) and metabolic
score for insulin resistance (METS-IR) are superior, non-
invasive markers for predicting MASLD in children and ado-
lescents, with validated cut-off values applicable to both
population-based and real-world clinical settings. These find-
ings are particularly relevant for clinicians and healthcare poli-
cymakers, as they provide practical, easily accessible
screening tools derived from routine laboratory tests, aiding in
the early identification and risk stratification of pediatric
MASLD. However, given the study’s retrospective design and
variations in diagnostic methods across datasets, further vali-
dation in larger, diverse cohorts is warranted to refine age-
specific cut-off values and optimize screening approaches.
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Background & Aims: We investigated the triglyceride-to-high density lipoprotein (HDL) ratio (TG/HDL), triglyceride—glucose index
(TyG), single-point insulin sensitivity estimator (SPISE), and metabolic score for insulin resistance (METS-IR) as potential pre-
dictors of pediatric metabolic dysfunction-associated steatotic liver disease (MASLD) by addressing the limited research on
insulin-resistance markers in this population.

Methods: This cross-sectional study included data from 1,150 and 260 youths from the National Health and Nutrition Examination
Survey (NHANES) and a real-world clinic, respectively. Hepatic steatosis was assessed using transient elastography and
abdominal sonography. Logistic regression analysis was performed using MASLD as the dependent variable. Receiver operating
characteristic (ROC) curves were used to evaluate predictability.

Results: The MASLD group had higher TG/HDL, TyG, METS-IR, and obesity proportions but lower SPISE than the normal group in
both NHANES and real-world data. All markers were significantly related to MASLD in logistic regression analyses, even after
adjusting for age and sex, in both the NHANES and real-world clinic data (all p <0.001). The areas under the ROC curves (AUCs) for
SPISE and METS-IR were 0.91 and 0.91 in the total group, 0.92 and 0.92 in the male group, and 0.90 and 0.89 in the female group,
respectively—all higher than those for TG/HDL and TyG in the NHANES dataset (all p <0.001). In the real-world clinical data, the
AUCs of SPISE and METS-IR were significantly higher than those of TG/HDL and TyG in the total and male groups (all p <0.001). In
the female group, the AUC for SPISE was significantly higher than that for TG/HDL or TyG.

Conclusions: METS-IR and SPISE are effective, non-invasive markers for predicting pediatric MASLD, which offer valuable tools
for early detection and improved clinical management.

© 2025 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

long-term mortality. However, effective screening tools for
pediatric MASLD remain limited.

Insulin resistance (IR) plays a central role in the pathogen-
esis of MASLD by promoting the accumulation of triglycerides
(TG) in the liver.®"" Based on this evidence, screening for he-
patic steatosis by assessing IR has been suggested.®'? How-
ever, measuring IR accurately in children is challenging.
Although the glucose clamp technique is considered the gold
standard, it is generally deemed impractical for routine use
because of its highly invasive nature.'® The homeostasis model
assessment (HOMA)-IR index, a marker derived from an in-
dividual’s insulin and glucose levels, has been proposed as an
alternative method for assessing IR and suggested as a

Introduction

Metabolic dysfunction-associated steatotic liver disease
(MASLD) is a newly recognized condition defined to reflect the
close relationship between hepatic steatosis and metabolic risk
factors.! Initially proposed as an update to the previous
concept of non-alcoholic fatty liver disease (NAFLD), MASLD
encompasses the broader metabolic dysfunction commonly
observed in patients with steatotic liver disease (SLD) who do
not consume significant amounts of alcohol.’? MASLD and
NAFLD are highly prevalent among adults and are also
increasingly recognized in younger individuals.*® As MASLD
can progress to end-stage liver disease, including liver

cirrhosis, and has been closely associated with cardiovascular
disease (CVD), the leading cause of death worldwide, early
detection of MASLD is crucial.””’ Pediatric MASLD is associ-
ated with renal impairment and metabolic syndrome, which has
a systemic impact.®>° Simon et al.’® reported that pediatric
NAFLD, the previous term for MASLD, was linked to future
cardiometabolic diseases, including CVD, type 2 diabetes, and

parameter to predict hepatic steatosis. However, insulin mea-
surement is not routinely performed in children and lacks a
standardized protocol.'?'®

Given these limitations, non-insulin-based parameters,
including the TG-to-high density lipoprotein (HDL) ratio (TG/
HDL) and TG—glucose index (TyG), have been proposed as
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alternative markers for IR and hepatic steatosis.'®"'*'® More
recently, newer indices such as the single-point insulin sensi-
tivity estimator (SPISE) and metabolic score for IR (METS-IR)
have also been developed to provide alternative, non-invasive
methods for predicting IR and MASLD.'>'® The SPISE index,
which was developed using oral glucose tolerance tests and
euglycemic-hyperinsulinemic clamp tests in a large cohort, is
calculated using the HDL, TG, and body mass index (BMI)."®
METS-IR, which integrates glucose, TG, BMI, and HDL, was
developed through linear regression analysis using anthropo-
metric and biochemical measurements as independent vari-
ables, and its accuracy was validated against the euglycemic—
hyperinsulinemic clamp method.'® Although these markers
have shown potential as predictors of IR and MASLD in adults
in prior studies, their application in youth and for MASLD pre-
diction remains limited.'®"°

In this context, the present study aimed to evaluate the
effectiveness of the parameters, including the TG/HDL, TyG in-
dex, SPISE, and METS-IR, for predicting pediatric MASLD.
Herein, we analyzed data from the National Health and Nutrition
Examination Survey (NHANES) and real-world clinic data. The
specific objectives were as follows: (1) to compare the predict-
ability of SPISE and METS-IR and other parameters for MASLD in
youths and (2) to determine optimal cut-off values for SPISE and
METS-IR and other markers for predicting pediatric MASLD.

Patients and methods

Study design and participants

This retrospective cross-sectional study included two distinct
populations. The first population was derived from the

A

NHANES
(n =15,560)

l

Participants aged 12-18
(n=1,774)

l

Participants underwent
transient elastography
n =1,584)

Excluded (n = 434)
* Missing anthropometric data (n = 35)
» Missing blood pressure (n = 154)

» Missing fasting levels of glucose, TG,
and/or HDL (n = 192)

« Participants with viral hepatitis (n = 0)
« Participants with cryptogenic SLD (n = 45)

« Participants with diabetes mellitus (n = 8)

1,150 participants included
(610 boys and 540 girls)

SPISE and METS-IR and pediatric MASLD

NHANES 2017-2020 dataset (aged 12-18 years), which in-
cludes a nationally representative sample of the US population.
The second population comprised pediatric patients (aged
6-18 years) who visited either Gangnam Severance Hospital
(GSH) Health Promotion Center between January 2007 and
December 2023 or Yongin Severance Hospital (YSH) between
September 2022 and February 2024 for health check-ups.
Fig. 1 presents the inclusion and exclusion criteria. Following
application of these criteria, 1,150 youths (aged 12-18 years)
from the NHANES and 260 youths (aged 6-18 years) from the
real-world clinic data, GSH and YSH, were included.

Ethics statement

Written informed consent was obtained from all participants in
the NHANES and GSH, but its requirement was waived for
participants in YSH because of the retrospective nature of the
study. This retrospective study conformed to the ethical
guidelines of the 1975 Declaration of Helsinki and was
approved by the Institutional Review Board of the Yongin
Severance Hospital (IRB No: 9-2024-0135).

Study variables

The height, weight, and BMI standard deviation scores (SDS)
from participants in the NHANES dataset were calculated
based on the CDC growth reference data.’® The waist
circumference (WC) SDS was determined using the NHANES-
based reference specific to the study population.?’ For the
GSH and YSH dataset, the corresponding values were calcu-
lated using the Korean reference values.?> BMI was classified
as normal (<85th percentile), overweight (85-95th percentile), or

GSH and YSH
(n = 10,276)

l

Korean participants
aged 6-18
(n =583)

l

Participants underwent
abdominal ultrasonography
(n=391)

Excluded (n = 227)
* Missing anthropometric data (n = 95)
» Missing blood pressure (n = 18)

* Missing fasting levels of glucose, TG,
and/or HDL (n =9)

 Participants with viral hepatitis (n = 0)
« Participants with cryptogenic SLD (n = 4)

« Participants with diabetes mellitus (n = 5)

260 participants included
(138 boys and 122 girls)

Fig. 1. Flowchart of participant inclusion. (A) Participants in the NHANES. (B) Participants in the real-world clinic data. GSH, Gangnam Severance Hospital;
NHANES, National Health and Nutrition Examination Survey; SLD, steatotic liver disease; TG, triglycerides; YSH, Yongin Severance Hospital.
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obese (>95th percentile). The waist-to-height ratio (WHtR) is
calculated by dividing WC (in cm) by height (in cm). Abdominal
obesity was defined as a WC above the 95th percentile ac-
cording to age and sex.?’?® In addition, the proportion of
participants with WHtR >0.5 was investigated.***

Diagnosis of MASLD

MASLD was defined as the presence of hepatic steatosis,
assessed by either controlled attenuation parameter (CAP)
values in the NHANES dataset or ultrasound imaging in the
GSH and YSH dataset, combined with at least one car-
diometabolic risk factor.?° In the NHANES, vibration-
controlled transient elastography was performed using the
FibroScan model 502 V2 Touch (Echosens, Paris, France),
equipped with medium and extra-large probes. CAP values
reflect the amount of liver fat, with higher values indicating
more fat accumulation; thus, hepatic steatosis was diagnosed
in individuals with a median CAP value >248 dB/m.""*%?" In
both the GSH and YSH, hepatic steatosis was identified using
abdominal sonography to assess liver echogenicity. In the
GSH, a 3.5 MHz transducer (HDI 5000, Philips, Bothell, WA,
USA) was used, whereas in the YSH, a C1-8 MHz transducer
(Aplio i800, Canon Medical Systems, Otawara, Japan) and a
C1-6 MHz transducer (LOGIQ E10, GE Healthcare, Wauwa-
tosa, WI, USA) were alternately used. Abdominal ultraso-
nography was performed by skilled radiologists who were
blinded to the clinical and laboratory data of the participants
at the time of examination. At GSH, seven experienced radi-
ologists conducted the examinations, whereas at YSH, one
experienced radiologist performed them. All radiologists fol-
lowed a standardized protocol for diagnosing SLD. SLD was
defined as the presence of at least two of the following ul-
trasonographic features:?®2° (1) a diffuse increase in fine
echoes of the liver parenchyma relative to the kidney or
spleen, (2) attenuation of the ultrasound beam, and (3) poor
visualization of intrahepatic structures. Each feature was
assigned a score, with 2 indicating a definite positive, 1 a
probable positive, and 0 a negative. The total score ranged
from 0 to 6, with scores of 1-2 indicating mild fat infiltration,
3—-4 indicating moderate infiltration, and 5-6 indicating severe
infiltration. A score of 0 indicated the absence of hepat-
ic steatosis.?®%°

Cardiometabolic risk factors included overweight or obesity or
abdominal obesity, impaired fasting glucose (fasting glucose
>100 mg/dl) or HbA4. 25.7%, high blood pressure ([BP] >130/
85 mmHg in participants aged 13 years and older, or BP >130/
80 mmHg or 295th percentile in those younger than 13 years, or
antihypertensive treatment), high TG (TG 2150 mg/dl in partici-
pants aged 10 years and older, or TG 2100 mg/dl in those younger
than 13 years, or the use of lipid-lowering medication), and low
([HDL] <40 mg/dL or the use of lipid-lowering medication)."+'9:25"

Definition of markers

The following formulae were used to calculate parameters:'*'®

TyG index = Ln [(TG (mg/dl) x glucose (mg/dl))/2]; SPISE = (600
x HDL (mg/d°* '8 /TG (mg/dl)°? x BMI (kg/m?)'3%8); METS-
IR = Ln [2 x glucose (mg/dl) + TG (mg/dl))] x BMI (kg/m?)/Ln
HDL (mg/dl).

Research article

Statistical analysis

Categorical and continuous variables are presented as
numbers (percentages) and mean + SD, respectively. To
compare the mean values of continuous variables, independent
t tests were applied, whereas the Chi-square test was used for
categorical variables. Subgroup analyses were performed after
dividing the participants according to sex and the presence of
MASLD. Logistic regression analyses were performed using
MASLD as the dependent variable. The optimal cut-off values
for markers were identified to maximize the sum of sensitivity
and specificity using Youden’s index in the NHANES dataset.
Receiver operating characteristic (ROC) curves were generated
to assess and compare the diagnostic performance of the
different markers in predicting MASLD. In addition to deter-
mining a single optimal cut-off value applicable to all pediatric
participants, age-specific optimal cut-off values were also
identified through subgroup analyses in the NHANES, strati-
fying participants into two age groups: 12-15 and 16-18 years.
Pairwise comparisons of the areas under the ROC curves
(AUCs) were conducted using Delong’s method. The propor-
tion of participants with MASLD, based on the specific cut-off
values for each marker, was analyzed using the Chi-square
test. Statistical significance was set at p <0.05. All statistical
analyses were conducted using SAS version 9.4 (SAS Inc.,
Cary, NC, USA) and R version 4.4.1 (The R Foundation for
Statistical Computing, Vienna, Austria).

Results

Baseline characteristics

Table 1 presents the baseline characteristics of the participants
in the NHANES. The mean age was 15.02 +1.95 years. Sex-
based comparisons revealed that height SDS, systolic BP,
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), glucose, TG, and TG/HDL were higher in males than in
females, whereas total cholesterol and HDL were lower. In
participants with MASLD, weight SDS, BMI SDS, WC, diastolic
BP, AST, ALT, glucose, total cholesterol, TG, TG/HDL, TyG,
METS-IR, CAP, and proportion of obesity and abdominal
obesity were higher than the values in the normal group,
whereas HDL and SPISE were lower. Among the participants
with MASLD, 5.71% had high BP, 11.79% had impaired fasting
glucose, 24.64% had high TG, and 26.79% had low HDL.
Among the participants in the real-world clinic data, the
mean age was 13.98 + 4.04 years, 53.08% were males, and the
mean BMI SDS was 1.19 + 1.81 (Table S1). The prevalence of
MASLD was 34.62%. Males exhibited higher WC, systolic BP,
AST, ALT, glucose, and METS-IR, whereas females exhibited
lower SPISE. Among the participants with MASLD, height SDS,
weight SDS, BMI SDS, WC, AST, ALT, HDL, TG/HDL, TyG,
METS-IR, and the proportion of obesity and abdominal obesity
were higher than the values in the normal group, while age,
systolic BP, TG, and SPISE were lower. Among the participants
with MASLD, 33.33% had high BP, 8.89% had impaired fasting
glucose, 34.44% had high TG, and 14.44% had low HDL.

Logistic regression analyses

Univariable logistic regression analyses revealed that TG/HDL,
TyG, and METS-IR were positively correlated with MASLD,
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Table 1. Baseline characteristics of the participants in NHANES.

SPISE and METS-IR and pediatric MASLD

Total (n = 1,150) Male (n = 610) Female (n = 540) P MASLD (n = 280) Normal (n = 870) P
Age (years) 15.02 = 1.95 15.00 = 1.97 15.04 + 1.93 0.691 15.19 =+ 1.87 14.96 + 1.98 0.092
(min-max) (12.00-18.00) (12.00-18.00) (12.00-18.00) 0.700 (12.00-18.00) (12.00-18.00) 0.094
Sex (male), n (%) 610 (53.04) 158 (56.43) 452 (51.95) 0.192
Height SDS 0.02 + 1.05 0.14 + 1.06 -0.13 + 1.01 <0.001 0.10 = 1.03 -0.01 £ 1.05 0.140
(min-max) (-3.74 to 3.11) (-2.90 to 3.11) (-3.74t02.93)  <0.001 (-2.74 to 2.78) (-3.74 to 3.11) 0.183
Weight SDS 0.75 + 1.20 0.76 + 1.27 0.75 +1.13 0.876 1.92 + 0.83 0.38 + 1.06 <0.001
(min-max) (-5.25 to 4.02) (-5.25 to 4.02) (-2.91 to 2.89) 0.795 (-1.15 to 4.02) (-5.25 to 3.30) <0.001
BMI SDS 0.76 + 1.16 0.69 + 1.23 0.83 + 1.08 0.047 1.92 + 0.62 0.38 + 1.04 <0.001
(min-max) (-5.65 to 3.43) (-5.65 to 3.43) (-2.65 to 2.75) 0.051 (-0.99 to 3.43) (-5.65 to 2.81) <0.001
BMI category, n (%) 0.051 <0.001
Normal 751 (53.41) 359 (58.85) 284 (52.59) 13 (4.64) 630 (72.41)
Overweight 209 (18.17) 98 (16.07) 111 (20.56) 59 (21.07) 150 (17.24)
Obesity 298 (25.91) 153 (25.08) 145 (26.85) 208 (74.29) 90 (10.34)
WC (cm) 83.13 + 15.90 83.12 + 16.53 83.14 + 15.16 0.987 101.57 + 15.26 77.19 £ 10.70 <0.001
(min-max) (53.60-157.90) (53.60-157.90) (57.00-148.80) 0.489 (60.30-157.90) (53.60-130.10) <0.001
Abdominal obesity, n (%) 210 (18.26) 115 (18.85) 95 (17.59) 0.581 52 (5.98) 158 (56.43) <0.001
WHtR 0.50 + 0.09 0.49 + 0.09 0.52 + 0.09 <0.001 0.61 + 0.09 0.47 + 0.07 <0.001
(min-max) (0.36-0.90) (0.36-0.90) (0.37-0.90) <0.001 (0.40-0.90) (0.36-0.79) <0.001
WHtR >0.5 483 (42.00) 220 (36.07) 263 (48.70) <0.001 258 (92.14) 225 (25.86) <0.001
SBP (mmHg) 108.61 + 9.77 111.97 + 9.87 104.83 + 8.15 <0.001 109.55 + 9.88 108.31 + 9.72 0.065
(min-max) (80.50-152.50) (80.50-152.50) (84.00-139.00) <0.001 (80.50-140.50) (84.00-152.50) 0.111
DBP (mmHg) 64.20 + 8.06 64.02 + 8.48 64.40 + 7.56 0.422 67.87 + 8.57 63.02 + 7.52 <0.001
(min-max) (37.50-99.50) (37.50-92.00) (47.00-99.50) 0.528 (48.50-93.50) (37.50-99.50) <0.001
High BP, n (%) 39 (3.39) 30 (4.92) 9 (1.67) 0.002 16 (5.71) 23 (2.64) 0.014
AST (IU/L) 19.74 + 8.46 21.77 £ 10.51 17.44 + 4.23 <0.001 21.19 + 8.88 19.27 + 8.27 <0.001
(min-max) (10.00-192.00) (10.00-192.00) (10.00-38.00) <0.001 (10.00-86.00) (10.00-192.00) <0.001
ALT (IU/L) 16.19 = 11.10 18.86 + 13.53 13.16 + 6.20 <0.001 23.11 £ 16.87 13.96 = 7.15 <0.001
(min-max) (2.00-152.00) (4.00-152.00) (2.00-66.00) <0.001 (6.00-152.00) (2.00-64.00) <0.001
Glucose (mg/dl) 88.29 + 7.53 89.39 + 7.42 87.05 + 7.46 <0.001 90.05 + 7.73 87.72 + 7.38 <0.001
(min-max) (50.00-119.00) (59.00-117.00) (50.00-119.00) <0.001 (70.00-117.00) (50.00-119.00) <0.001
Impaired fasting glucose, n (%) 73 (6.35) 40 (6.56) 33 (6.11) 0.757 33 (11.79) 40 (4.60) <0.001
TC (mg/dl) 153.26 + 29.61 149.52 + 28.53 157.49 + 30.25 <0.001 159.69 + 30.23 151.19 + 29.12 <0.001
(min-max) (73.00-322.00) (73.00-251.00) (91.00-322.00) <0.001 (88.00-252.00) (73.00-322.00) <0.001
TG (mg/dl) 92.29 + 53.99 94.62 + 60.12 89.66 + 46.03 0.114 120.26 + 74.15 83.29 + 41.91 <0.001
(min-max) (25.00-607.00) (25.00-607.00) (32.00-418.00) 0.967 (36.00-607.00) (25.00-378.00) <0.001
High TG, n (%) 131 (11.39) 83 (13.61) 48 (8.89) 0.012 69 (24.64) 62 (7.13)  <0.001
HDL (mg/dl) 51.46 = 11.71 49.24 £ 11.72 53.97 + 11.18 <0.001 45.62 + 10.05 53.34 + 11.58 <0.001
(min—-max) (19.00-104.00) (19.00-104.00) (27.00-98.00) <0.001 (19.00-85.00) (21.00-104.00) <0.001
Low HDL, n (%) 161 (14.00) 122 (20.00) 39 (7.22) <0.001 75 (26.79) 86 (9.89) <0.001
TG/HDL 1.99 + 1.66 217 £1.97 1.79 £ 1.18 <0.001 2.94 + 2,54 1.69 + 1.09 <0.001
(min-max) (0.37-21.68) (0.37-21.68) (0.38-12.29) 0.009 (0.59-21.68) (0.37-11.12) <0.001
TyG 8.19 + 0.49 8.21 + 0.51 8.16 + 0.46 0.113 8.45 + 0.53 8.10 + 0.44 <0.001
(min-max) (7.00-10.17) (7.00-10.17) (7.07-10.02) 0.371 (7.33-10.17) (7.00-9.78) <0.001
SPISE 7.84 £ 2.75 7.98 + 2.81 7.68 + 2.67 0.069 5.03 + 1.68 8.74 + 2.39 <0.001
(min-max) (2.03-17.13) (2.03-17.13) (2.39-16.96) 0.073 (2.03-14.77) (2.62-17.13) <0.001
METS-IR 35.62 + 11.06 35.48 + 11.26 35.78 + 10.85 0.643 48.10 + 11.52 31.61 +7.28 <0.001
(min-max) (18.17-91.11) (18.17-91.11) (18.60-81.31) 0.397 (20.99-91.11) (18.17-73.27) <0.001
CAP 220.03 + 53.13 222.63 + 53.87 217.08 + 52.18 0.077 293.07 + 35.38 196.52 + 32.53 <0.001
(min-max) (100.00-400.00) (100.00-400.00) (100.00-400.00) 0.118 (249.00-400.00) (100.00-248.00) <0.001
MASLD, n (%) 280 (24.35) 158 (25.90) 122 (22.59) 0.192 — — —

Continuous variables are presented as mean + SD and (min-max), and categorical data as n (%). ALT, alanine aminotransferase; AST, aspartate aminotransferase; CAP, controlled
attenuation parameter; DBP, diastolic blood pressure; MASLD, metabolic dysfunction-associated steatotic liver disease. METS-IR, the metabolic score for insulin resistance;
NHANES, National Health and Nutrition Examination Survey; SBP, systolic blood pressure; SDS, standard deviation score; SPISE, single-point insulin sensitivity estimator; TC, total
cholesterol; TG, triglycerides; TyG, triglyceride-glucose index; WC, waist circumference; WHtR, waist-to-height ratio.

whereas SPISE was negatively correlated with MASLD among
the total, male, and female groups across both the NHANES
and real-world clinic data (all p <0.001) (Table 2). These re-
lationships remained consistent, even after adjusting for age
and sex in the total group, and for age in the male and female
groups, in both datasets (all p <0.001).

ROC curve analyses

In the ROC curve analysis, the AUCs (95% confidence intervals
[Cls])) of TG/HDL, TyG, SPISE, and METS-IR were 0.71 (0.68

-0.75), 0.69 (0.65-0.72), 0.91 (0.89-0.93), and 0.91 (0.89-0.93)
in the total group; 0.72 (0.68-0.77), 0.70 (0.65-0.75), 0.92 (0.89
—0.94), and 0.92 (0.89-0.95) in the male group; and 0.71 (0.65
-0.76), 0.67 (0.62-0.72), 0.90 (0.87-0.92), and 0.89 (0.87-0.92)
in the female group, respectively, in the NHANES dataset
(Table 3, Fig. 2A, and Fig. S1A and B). The optimal cut-off
values for TG/HDL, TyG, SPISE, and METS-IR were >1.511,
>8.328, <7.004, and >37.082, respectively, among the total
participants. These optimal cut-off values were applied to the
real-world clinic data, where the AUCs (95% Cls) of TG/HDL,
TyG, SPISE, and METS-IR were 0.75 (0.69-0.82), 0.72 (0.65
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Table 2. Logistic regression analyses of the markers for MASLD.

OR (95% CIl) p value Adjusted OR  p value
(95% CI)*
NHANES
Total
TG/HDL 1.67 (1.50-1.86) <0.001 1.67 (1.50-1.86) <0.001
TyG 4.45 (3.30-6.00) <0.001 4.43 (3.28-5.98) <0.001
SPISE 0.40 (0.35-0.45) <0.001 0.39 (0.34-0.44) <0.001
METS-IR 1.20 (1.18-1.23) <0.001 1.21 (1.18-1.24) <0.001
Male
TG/HDL 1.57 (1.38-1.78) <0.001 1.57 (1.38-1.78) <0.001
TyG 4.57 (3.10-6.73) <0.001 4.56 (3.09-6.72) <0.001
SPISE 0.38 (0.32-0.45) <0.001 0.37 (0.31-0.43) <0.001
METS-IR 1.25 (1.20-1.30) <0.001 1.26 (1.21-1.31) <0.001
Female
TG/HDL 1.90 (1.57-2.29) <0.001 1.91 (1.568-2.32) <0.001
TyG 4.21 (2.63-6.75) <0.001 4.29 (2.67-6.89) <0.001
SPISE 0.41 (0.35-0.49) <0.001 0.41 (0.35-0.48) <0.001
METS-IR 1.17 (1.14-1.21) <0.001 1.17 (1.14-1.21) <0.001
Real-world clinic data
Total
TG/HDL 2.33 (1.75-3.11) <0.001 2.26 (1.66-3.08) <0.001
TyG 6.60 (3.30-13.21) <0.001 6.86 (3.22-14.61) <0.001
SPISE 0.32 (0.24-0.43) <0.001 0.31 (0.22-0.43) <0.001
METS-IR 1.35 (1.25-1.45) <0.001 1.34 (1.23-1.45) <0.001
Male
TG/HDL 1.66 (1.22-2.25) <0.001 1.76 (1.25-2.49) <0.001
TyG 3.83 (1.74-8.41) <0.001 4.61 (1.91-11.14) <0.001
SPISE 0.37 (0.26-0.52) <0.001 0.35 (0.24-0.52) <0.001
METS-IR 1.31 (1.19-1.44) <0.001 1.31 (1.18-1.44) <0.001
Female
TG/HDL 5.06 (2.75-9.29) <0.001 3.99 (2.16-7.38) <0.001
TyG 22.76 (5.59-92.56) <0.001 15.57 (3.69-65.63) <0.001
SPISE 0.26 (0.15-0.44) <0.001 0.25 (0.13-0.45) <0.001
METS-IR 1.39 (1.23-1.56) <0.001 1.40 (1.21-1.61) <0.001

*Adjusting for age and sex in the total group and age in the male and female groups. ClI,
confidence interval; MASLD, metabolic dysfunction-associated steatotic liver disease;
METS-IR, metabolic score for insulin resistance; NHANES, National Health and Nutrition
Examination Survey; OR, odds ratio; SPISE, single-point insulin sensitivity estimator;
TG, triglycerides; TyG, triglyceride—glucose index.

-0.79), 0.89 (0.86-0.93), and 0.89 (0.86-0.93) in the total group;
0.69 (0.60-0.78), 0.68 (0.59-0.77), 0.87 (0.82-0.93), and 0.88
(0.82-0.93) in the male group; and 0.83 (0.74-0.92), 0.78 (0.68
—0.88), 0.91 (0.86-0.96), and 0.91 (0.86-0.96) in the female
group, respectively (Table 3, Fig. 2B, and Fig. S1C and D).

In the pairwise comparison, the AUCs of SPISE and METS-
IR were significantly higher than those of TG/HDL and TyG
among the total, male, and female groups in the NHANES
dataset (p <0.001) (Table S2). The AUCs of TG/HDL were
significantly higher than those of TyG in both the total and fe-
male groups. In the real-world clinical data, the AUCs of SPISE
and METS-IR were significantly higher than those of TG/HDL
and TyG in the total and male groups (all p <0.001). In the fe-
male group, the AUC of SPISE was significantly higher than
that of TG/HDL and TyG (p for SPISE vs. TG/HDL = 0.031; p for
SPISE vs. TyG = 0.003), whereas that of METS-IR was signifi-
cantly higher than that of TyG. In addition, the AUC of TG/HDL
was significantly higher than that of TyG in both the total and
female groups.

When applying the single optimal cut-offs (TG/HDL >1.511,
TyG >8.328, SPISE <7.004, and METS-IR >37.082) to each age
subgroup, the AUCs (95% Cls) of TG/HDL, TyG, SPISE, and
METS-IR were 0.74 (0.69-0.78), 0.72 (0.68-0.78), 0.91
(0.88-0.93), and 0.90 (0.88-0.93) in the 12- to 15-year age
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group and 0.69 (0.63-0.74), 0.65 (0.59-0.70), 0.91 (0.88-0.94),
and 0.92 (0.89-0.94) in the 15- to 18-year age group, respec-
tively (all p <0.001) (Table S3). In the ROC curve analysis for
age-specific optimal cut-off values in the NHANES, SPISE cut-
off values were slightly higher, whereas METS-IR cut-offs were
lower in younger children (Table S4 and Fig. S2).

Proportion of the participants with MASLD in relation to
each marker’s cut-off values

Fig. 3A and B presents the proportions of MASLD based on
each marker’s cut-off values in both the NHANES and real-
world clinic data, respectively. The proportion of MASLD was
significantly higher in participants over the cut-off values for
TG/HDL, TyG, and METS-IR and in those below the cut-off
values for SPISE in both the NHANES (Fig. 3A) and real-world
clinical data (Fig. 3B). The same outcomes were observed in
sex-based subgroup analyses in both datasets (Fig. S3A-D).

Discussion

Overall, the present study demonstrated a strong ability of TG/
HDL, TyG index, METS-IR, and SPISE to predict MASLD in
youth, using optimal cut-off values established in population-
based data. TG/HDL, TyG, and METS-IR were all positively
associated with MASLD, whereas SPISE was negatively
related. These associations remained significant even after
adjusting for age and sex. In the ROC curve analyses, SPISE
and METS-IR were superior to TG/HDL and TyG in predicting
MASLD across the total, male, and female groups in both the
NHANES and real-world clinical data. When applying NHANES-
derived cut-off values to real-world clinical data, SPISE and
METS-IR showed high diagnostic accuracy. The proportion of
MASLD was higher in participants exceeding the cut-off values
for TG/HDL, TyG, and METS-IR but lower in those below the
SPISE cut-off. In the subgroup analyses according to age,
SPISE cut-off values were higher, whereas METS-IR cut-offs
were lower in younger children and adolescents than in
older adolescents.

In the present study, all markers related to IR, each of which
includes TG in its formula, were able to meaningfully predict
MASLD in youth. However, TG/HDL showed superior predictive
ability compared with TyG. IR is a key factor influencing the
physiology of MASLD, as it promotes TG accumulation in the
liver, leading to hepatic steatosis and inflammation.®*? In
addition, IR contributes to the dysregulation of glucose meta-
bolism, impairing glucose uptake and increasing insulin levels,
while reducing HDL levels, further exacerbating lipid imbal-
ances and the progression of MASLD.*** Based on this evi-
dence, IR-related markers have been indicated as predictors of
NAFLD and MASLD. Indeed, one prior meta-analysis reported
that the pooled OR of TyG was 6.0 for NAFLD prediction.>* In a
sex-specific study, the AUCs of TyG for MASLD were 0.69 and
0.80 in men and women, respectively.®® In one prior pediatric
study, the cut-off value and AUC of TyG were 8.47 and 0.76 for
predicting NAFLD,'? whereas in another, the associated values
for TG/HDL were 227 and 0.64, respectively, for
NAFLD prediction.*®

In our study, SPISE and METS-IR were superior to TG/HDL
and TyG in predicting MASLD in both of the examined datasets.
This superiority of SPISE and METS-IR may be attributed to the
more elaborate statistical methods used in their development
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Table 3. Cut-off values and AUCs of the markers for predicting MASLD.

SPISE and METS-IR and pediatric MASLD

Cut-off AUC p Sensitivity Specificity Accuracy PPV NPV
(95% CI) (95% CI) (95% CI)
NHANES
Total
TG/HDL >1.511 0.71 (0.68-0.75) <0.001 0.75 (0.70-0.80) 0.56 (0.53-0.59) 0.61 (0.58-0.63) 0.35 (0.32-0.39) 0.88 (0.85-0.90)
TyG >8.328 0.69 (0.65-0.72) <0.001 0.55 (0.49-0.60) 0.74 (0.71-0.77) 0.69 (0.67-0.72) 0.40 (0.35-0.45) 0.84 (0.81-0.86)
SPISE <7.004 0.91 (0.89-0.93) <0.001 0.93 (0.89-0.96) 0.76 (0.73-0.79) 0.80 (0.78-0.82) 0.56 (0.51-0.60) 0.97 (0.96-0.98)
METS-IR >37.082 0.91 (0.89-0.93) <0.001 0.86 (0.82-0.90) 0.82 (0.80-0.85) 0.83 (0.81-0.85) 0.61 (0.56-0.66) 0.95 (0.93-0.96)
Male
TG/HDL >1.76 0.72 (0.68-0.77) <0.001 0.67 (0.60-0.74) 0.66 (0.62-0.70) 0.66 (0.62-0.70) 0.41 (0.35-0.47) 0.85 (0.81-0.89)
TyG >8.332 0.70 (0.65-0.75) <0.001 0.58 (0.50-0.65) 0.74 (0.70-0.78) 0.70 (0.66-0.73) 0.44 (0.37-0.50) 0.83 (0.80-0.87)
SPISE <7.005 0.92 (0.89-0.94) <0.001 0.92 (0.88-0.97) 0.79 (0.76-0.83) 0.83 (0.80-0.86) 0.61 (0.55-0.67) 0.97 (0.95-0.99)
METS-IR >37.089 0.92 (0.89-0.95) <0.001 0.87 (0.81-0.92) 0.85 (0.81-0.88) 0.85 (0.82-0.88) 0.66 (0.60-0.73) 0.95 (0.93-0.97)
Female
TG/HDL >1.545 0.71 (0.65-0.76) <0.001 0.70 (0.62-0.79) 0.60 (0.55-0.65) 0.62 (0.58-0.66) 0.34 (0.28-0.40) 0.87 (0.84-0.91)
TyG >8.291 0.67 (0.62-0.72) <0.001 0.57 (0.48-0.65) 0.71 (0.67-0.76) 0.68 (0.64-0.72) 0.37 (0.30-0.43) 0.85 (0.81-0.89)
SPISE <6.918 0.90 (0.87-0.92) <0.001 0.93 (0.88-0.97) 0.73 (0.69-0.78) 0.78 (0.74-0.81) 0.50 (0.44-0.57) 0.97 (0.95-0.99)
METS-IR >36.488 0.89 (0.87-0.92) <0.001 0.88 (0.82-0.94) 0.78 (0.74-0.82) 0.80 (0.77-0.83) 0.54 (0.47-0.60) 0.96 (0.93-0.98)
Real-world clinic data
Total
TG/HDL >1.511 0.75 (0.69-0.82) <0.001 0.76 (0.67-0.84) 0.57 (0.50-0.64) 0.63 (0.58-0.69) 0.48 (0.40-0.56) 0.82 (0.75-0.88)
TyG >8.328 0.72 (0.65-0.79) <0.001 0.70 (0.61-0.79) 0.65 (0.58-0.72) 0.67 (0.61-0.73) 0.52 (0.43-0.61) 0.80 (0.74-0.87)
SPISE <7.004 0.89 (0.86-0.93) <0.001 0.79 (0.70-0.87) 0.83 (0.77-0.89) 0.82 (0.77-0.86) 0.71 (0.62-0.80) 0.88 (0.83-0.93)
METS-IR >37.082 0.89 (0.86-0.93) <0.001 0.68 (0.58-0.77) 0.86 (0.81-0.92) 0.80 (0.75-0.85) 0.73 (0.63-0.82) 0.84 (0.78-0.89)
Male
TG/HDL >1.76 0.69 (0.60-0.78) <0.001 0.67 (0.55-0.80) 0.64 (0.54-0.74) 0.65 (0.57-0.73) 0.55 (0.43-0.67) 0.75 (0.65-0.85)
TyG >8.332 0.68 (0.59-0.77) <0.001 0.67 (0.55-0.80) 0.66 (0.56-0.76) 0.67 (0.59-0.75) 0.57 (0.45-0.69) 0.75 (0.65-0.85)
SPISE <7.005 0.87 (0.82-0.93) <0.001 0.80 (0.69-0.91) 0.80 (0.71-0.88) 0.80 (0.73-0.86) 0.72 (0.61-0.83) 0.86 (0.78-0.94)
METS-IR >37.089 0.88 (0.82-0.93) <0.001 0.69 (0.57-0.81) 0.82 (0.74-0.90) 0.77 (0.70-0.84) 0.72 (0.60-0.84) 0.80 (0.71-0.89)
Female
TG/HDL >1.545 0.83 (0.74-0.92) <0.001 0.80 (0.67-0.93) 0.63 (0.53-0.73) 0.68 (0.60-0.76) 0.47 (0.34-0.59) 0.89 (0.81-0.97)
TyG >8.291 0.78 (0.68-0.88) <0.001 0.80 (0.67-0.93) 0.61 (0.51-0.71) 0.66 (0.58-0.75) 0.45 (0.33-0.58) 0.88 (0.80-0.96)
SPISE <6.918 0.91 (0.86-0.96) <0.001 0.77 (0.63-0.91) 0.87 (0.80-0.94) 0.84 (0.78-0.91) 0.71 (0.57-0.85) 0.90 (0.84-0.97)
METS-IR >36.488 0.91 (0.86-0.96) <0.001 0.69 (0.53-0.84) 0.91 (0.85-0.97) 0.84 (0.78-0.91) 0.75 (0.60-0.90) 0.88 (0.81-0.95)

AUC, area under the receiver operating characteristic curve; MASLD, metabolic dysfunction-associated steatotic liver disease; METS-IR, metabolic score for insulin resistance;
NHANES, National Health and Nutrition Examination Survey; NPV, negative predictive value; PPV, positive predictive value; SPISE, single-point insulin sensitivity estimator; TG,
triglycerides; TyG, triglyceride-glucose index.
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Fig. 2. ROC curve of each parameter for predicting MASLD among the total participants. (A) ROC curve of each parameter for predicting MASLD among the total
participants in the NHANES. (B) ROC curve of each parameter for predicting MASLD among the total participants in the real-world clinic data. MASLD, metabolic
dysfunction-associated steatotic liver disease; METS-IR, metabolic score for insulin resistance; NHANES, National Health and Nutrition Examination Survey; ROC,
receiver operating characteristic; SPISE, single-point insulin sensitivity estimator; TG, triglycerides; TyG, triglyceride-glucose index.
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TyG, triglyceride—glucose index.

compared with those for simpler markers such as TyG and TG/
HDL.""® In addition, both the SPISE and METS-IR formulas
include BMI, a key factor in the definition of obesity, further
enhancing their predictive ability.’>'®*” Obesity plays a critical
role in the physiology of MASLD, as it contributes to excessive
fat accumulation in the liver and exacerbates metabolic
dysfunction.®*® Obesity is strongly associated with IR,
inflammation, and the progression of MASLD.?*?*° In one prior
meta-analysis, the relative risk of BMI for NAFLD was 1.20.°” In
a NHANES-based study, the proportion of severe hepatic
steatosis was eight-fold higher in adolescents with obesity than
in those with a normal BMI.%® In another cross-sectional study,
the combination of BMI added incremental value to TyG in
predicting NAFLD in youth.'? In another cross-sectional study,
the AUC of uric acid for predicting ALT elevation was 0.66,
whereas that of uric acid combined with BMI was 0.80 in
youth.*® In an adult study, the AUC of METS-IR for metabolic
dysfunction-associated fatty liver disease was 0.85 in a US
cohort and 0.90 in a Chinese cohort.*® An Iranian study re-
ported AUCs of METS-IR and SPISE for MASLD as 0.72 and
0.73 in men and 0.70 and 0.73 in women, respectively.'” A
Korean study found the AUC of METS-IR for NAFLD prediction
to be 0.82 in adults."® A pediatric study among Korean children
reported the AUCs of SPISE and METS-IR for ALT elevation as
0.82 and 0.81, respectively.*’ An Austrian study reported the
AUC of SPISE for NAFLD as 0.71 in boys and 0.74 in girls.*?

In our study, participants with values above the cut-off for
TG/HDL, TyG, and METS-IR exhibited a markedly higher
prevalence of MASLD, as did those with values below the cut-
off for SPISE. This trend was consistently observed across both
the NHANES and real-world clinical data, as well as in sex-
based subgroup analyses. Overall, these findings demon-
strate the robustness of these markers in stratifying MASLD risk
and emphasize the potential of precise cut-off values to
improve early detection and address the limitations of current
pediatric screening methods in real-world clinics.

In this study, we found that SPISE cut-off values were slightly
higher, whereas METS-IR cut-offs were lower in younger children
and adolescents, consistent with expected age-related meta-
bolic changes. Because BMI in children naturally increases with
age, these indices may be influenced by age-related variations in
BMI. The impact of age on metabolic indices has been demon-
strated in a previous study,** which emphasized the need for
age-specific reference values for fasting glucose—-insulin meta-
bolism to improve risk stratification and predict glycemic dete-
rioration in children with obesity. Consistent with these findings,
our results suggested that age-related differences in BMI could
potentially impact the diagnostic accuracy of SPISE and METS-
IR for MASLD (Table S4). However, despite this theoretical
consideration, our analyses demonstrated that the single optimal
cut-offs derived from the total pediatric group maintained
consistently acceptable diagnostic accuracy across all pediatric
age groups (Table S3). Thus, our findings support the practical
applicability and generalizability of the single optimal cut-offs
proposed in this study for pediatric clinical practice.

This study has several limitations that should be acknowl-
edged. First, the retrospective and cross-sectional design limits
our ability to infer causality between IR-related markers and
MASLD. As such, future prospective studies are required to
understand better the temporal relationships and progression
of MASLD in relation to these markers. Second, MASLD diag-
nosis was performed using different techniques across the two
datasets, specifically, CAP values in the NHANES data and
abdominal sonography in the real-world clinical data. These
differing diagnostic approaches may have introduced in-
consistencies in the assessment of hepatic steatosis. Third,
although experienced radiologists performed the ultrasonog-
raphy following a standardized protocol, we acknowledge that
the interrater agreement was not assessed in the real-world
clinic data. Fourth, children and adolescents visiting the real-
world clinics were likely seeking medical evaluation for health
concerns, which may have led to a higher prevalence of obesity
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and metabolic risk factors than the general pediatric popula-
tion. Therefore, selection bias may be present, and further
validation of these findings in a larger, nationally representative
Korean sample is warranted. Finally, the real-world clinical
dataset had a smaller sample size than the NHANES dataset,
which may have reduced the statistical power of subgroup
analyses and limited the ability to detect certain associations,
potentially affecting the generalizability of the findings. Despite
these limitations, this study has several notable strengths. First,
it analyzed data from both a large, nationally representative
cohort (NHANES) and real-world clinical dataset from Korea,
which enhances the external validity of the findings. Second,
this is one of the first studies to comprehensively evaluate the
performance of SPISE, METS-IR, TG/HDL, and TyG in pre-
dicting MASLD in youth using data from different countries.

Conclusions

Overall, the present study demonstrated that both METS-IR
and SPISE are effective markers for predicting MASLD in

SPISE and METS-IR and pediatric MASLD

pediatric populations. Furthermore, we identified specific cut-
off values for each marker, which proved valuable for assess-
ing MASLD risk in youth. These findings align with recent
guidelines highlighting the need for early identification and
management of MASLD in populations with cardiometabolic
risk factors, such as children and adolescents.*?® The diag-
nostic accuracy of these cut-offs was validated in a real-world
clinical dataset to support their clinical applicability. By using
non-invasive, reliable tools, including SPISE and METS-IR,
which incorporate key metabolic parameters for MASLD diag-
nosis, our study provides a foundation for improved screening
strategies in pediatric populations. These markers, derived
from routine laboratory tests, offer practical solutions for early
detection, particularly in resource-limited settings. Further-
more, the stepwise approach emphasized in the guidelines
highlights integrating these tools into clinical workflows to
facilitate timely interventions and mitigate MASLD progression;
this ultimately improves long-term outcomes in children
and adolescents.
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