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Abstract

The increasing prevalence of metabolic dysfunction-associated fatty liver disease (MASLD) in
children requires robust, non-invasive biomarkers to enable accurate disease staging and risk
stratification. Elevated serum levels of homocysteine (Hcy) have emerged as potential risk factors of
cardiometabolic disease including MASLD in adults. In this observational retrospective study, we
investigated the role of serum Hcy levels as a potential biomarker for disease severity and liver
fibrosis in a pediatric cohort of 182 children with MASLD. Liver biopsies in 89 patients, allowed the
classification into metabolic dysfunction-associated steatohepatitis (MASH). Associations between
Hcy, metabolic parameters, fibrosis scores, and histological features were examined, and the Hcy
diagnostic performance for liver fibrosis evaluated through ROC analysis.

Multivariate analyses identified elevated Hcy levels as independently associated with HOMA-IR
(B=0.55; p=0.049), TG/HDL ratio (=3.23; p=0.002) and liver fibrosis ($=2.59; p=0.04). HCy showed
excellent predictive accuracy for fibrosis (AUC= 0.0809) superior to that of other fibrosis scores.
Finally, combined diagnostic models of Hcy with APRI, FIB-4, or TG/HDL ratio showed only modest
accuracy, (AUC=0.62-0.69). Our data demonstrated that serum Hcy as a strong independent predictor
of fibrosis in pediatric MASLD patients supporting its role as non-invasive biomarker to identify
patient at risk of severe liver complications.

Keywords: MASLD; homocysteine; non-invasive biomarkers; fibrosis

1. Introduction

Metabolic dysfunction-associated fatty liver disease (MASLD), previously termed non-alcoholic
fatty liver disease (NAFLD), is the most common chronic liver disease in children and adolescents
worldwide. With a global epidemic of obesity and type 2 diabetes, pediatric MASLD is on the rise,
thus posing a future critical issue for public health [1]. While MASLD is often considered a benign
condition, its progression to metabolic dysfunction-associated steatohepatitis (MASH) involves
inflammation and cell damage that can evolve into fibrosis, cirrhosis, and, in rare cases,
hepatocellular carcinoma, even at a young age. Early identification of the factors driving this
progression is crucial for the timely implementation of therapies and preventing severe long-term
outcomes. It is known that pediatric patients with MASLD have an increased risk of cardiovascular
disease (CVD), the leading cause of long-term morbidity and mortality. Despite the importance of
the issue, early identification of children and adolescents with MASLD who are at higher risk of
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developing CVD is a clinical challenge [2]. Conventional diagnostic methods for CV risk, such as the
standard lipid profile, may not be sufficient to detect early signs of vascular dysfunction in this
population. In this regard, the triglyceride (TG)/high-density lipoprotein (HDL) ratio has been
suggested as a simple and inexpensive biomarker that reflects insulin resistance and atherogenic
dyslipidemia [3]. Several studies have demonstrated its usefulness in predicting CV risk in adults;
however, its specific role in the pediatric population affected by MASLD needs further investigation
[4,5]. Besides the TG/HDL ratio, serum homocysteine (Hcy) levels also appear as an additional
reliable biomarker for assessing CVD risk in specific settings [6]. Indeed, Hcy is a sulfur amino acid
whose elevated levels have long been associated with endothelial dysfunction, oxidative stress, and
inflammation, all pathogenetic mechanisms that underlie liver disease progression and CVD risk [7].
Hcy has been implicated in the pathogenesis of atherosclerotic complications in patients with
metabolic syndrome, a condition that underlies the strong interplay between MASLD and CVD [7].
However, even though hyperhomocysteinemia has been associated with MASLD and insulin
resistance in adults, data on its role in pediatric MASLD and its association with CV risk in this
population are limited [8].

Hence, our study aimed to evaluate the association between the TG/HDL ratio, serum Hcy, and
CV parameters in children and adolescents with MASLD, evaluating the predictive capacity of these
biomarkers in predicting the progression of fibrotic damage.

2. Materials and Methods

2.1. Study Population

We enrolled 182 consecutive Caucasian children (mean age 10.89 years; 50% males), with an
ultrasound diagnosis of steatosis and persistently elevated serum aminotransferase levels (= 6
months), who were referred to the Liver Unit of the Bambino Gest Children's Hospital (Rome, Italy)
between January 2015 and March 2025. Following the novel nomenclature and consensus statements
[9], all these patients were categorized as MASLD because they had steatotic liver disease (SLD) and
at least one of the cardiometabolic criteria without overlapping SLD diseases (e.g., Wilson's disease,
autoimmune hepatitis, a-1-antitrypsin deficiency, celiac disease, thyropathies, viral, genetic, and
metabolic hepatitis, and alcohol and drug use). Of these patients, 89 with moderate/severe steatosis
underwent liver biopsy for histopathological evaluation in accordance with ESPGHAN guidelines
[10].

2.2. Anthropometrical and Biochemical Parameters

Body mass index (BMI) was calculated as weight in kilograms divided by the square of height
in meters (kg/m?). Waist circumference was measured to the nearest 0.1 cm using a non-elastic tape
placed midway between the lower margin of the last palpable rib and the top of the iliac crest, at the
end of a normal expiration. Blood pressure was measured in the right arm using a standard
sphygmomanometer; the average of three values of systolic blood pressure (SBP) and diastolic blood
pressure (DBP) was reported. Elevated blood pressure was defined by systolic or diastolic values >
95th percentile for age, height, and sex. Venous blood samples were collected after fasting for at least
8 hours. The levels of serum liver enzymes (i.e., aspartate aminotransferase, AST; alanine
aminotransferase, ALT; and gamma-glutamyltransferase, GGT), total cholesterol, HDL cholesterol,
low-density lipoprotein (LDL) cholesterol, triglycerides (TGs), and fasting blood glucose and insulin,
and platelet count were measured in all patients using standard laboratory procedures at the Central
Laboratory of the "Bambino Gest" Children's Hospital. Total Hcy levels were determined by high-
performance liquid chromatography with fluorimetric detection as previously described [8].

2.3. Biochemical Scores
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The homeostatic model assessment for insulin resistance (HOMA-IR) was calculated by using
the [glucose (mg/dL) * insulin (IU/mL)]/405, and a value greater than 2.5 was considered an index of
insulin resistance [11].

The TG/HDL ratio was calculated in all patients by using the following formula: TGs (mg/dL) +
HDL cholesterol (mg/dL). Values between 2 and 3 indicate a potential metabolic imbalance, while
values > 3 indicate an elevated risk of CVD. This report is particularly useful for risk assessment in
patients with MASLD, as it directly reflects the atherogenic dyslipidemia typical of this condition
[12].

2.4. Liver Ultrasound

The diagnosis of fatty liver disease was obtained by abdominal ultrasound performed by two
experienced radiologists, unaware of the patients' health conditions, using an Acuson Sequoia C512
ultrasound machine equipped with a 15L8 transducer (Universal Diagnostic Solutions, Oceanside,
CA, USA). The brilliant hepatic ultrasound pattern was compared with the ultrasound response of
the right kidney. The degree of hepatic steatosis was defined according to the following criteria: mild
=0, moderate = 1 and severe = 2.

2.5. Liver Biopsy

Eighty-nine children underwent liver biopsy, as per ESPGHAN guidelines [9]. Liver biopsies
were performed using an automatic 18 fr caliber biopsy needle, general anesthesia, and guided
ultrasound. The characteristic histological features of MASH including, steatosis, lobular
inflammation, ballooning hepatocytes, and fibrosis, were evaluated by a single experienced liver
pathologist.

Each biopsy was evaluated centrally and independently read by two expert liver pathologists to
assess NAS (NAFLD Activity Score) and fibrosis stage (according to NASH- Clinical Research
Network CRN criteria). Hepatic fibrosis was quantified using a five-point grading: 0 = no fibrosis; 1
= perisinusoidal or periportal fibrosis; 2 = perisinusoidal/periportal portal fibrosis; 3 = fibrous bridge;
4 = cirrhosis [13].

The presence of MASLD and MASH was defined according to the algorithm recently proposed
by the Delphi consensus [9]. MASH was defined as NAS > 4 with at least one grade in each category
of histological features of MASH (i.e. steatosis, lobular inflammation, and ballooning) and fibrosis >1.

2.6. Assessment of Non-Invasive Fibrosis Scores

Two non-invasive fibrosis scores were evaluated, including AST/Platelet Ratio Index (APRI),
and Fibrosis-4 Index for Liver Fibrosis (FIB-4) [14]. In particular, the APRI was calculated as follow:
ALT (U/L) /AST(U/L)*100/platelet count. While FIB-4 score was calculated as follows: age (years) x
AST (U/L) / platelets (109/L) x VALT (U/L).

2.7. Statistical Analysis

Data were expressed as means and standard deviations or as medians and interquartile ranges
(IQR) or frequencies. The continuous variables were analyzed using the ANOVA test (when normally
distributed) and the Mann-Whitney U test (when non-normally distributed). Pearson's correlation
test was used to evaluate the possible correlation between metabolic and histologic parameters, as
well as one-carbon metabolism and cytokine levels. Spearman's correlation coefficients were
calculated to examine the invariable linear association. Subsequently, multivariate regression
analysis was used to test the independent association of TG/HDL ratio and Hcy with metabolic
parameters, as well as histological inflammation, fibrosis, and steatosis, after adjusting for potential
confounders (i.e.,, age and sex). Covariates included in all regression models were selected as
potential confounders based on their significance in univariate regression analyses or their biological
plausibility.
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Overall, the diagnostic accuracy of Hcy, TG/HDL ratio, APRI, and FIB-4 was calculated using
receiver operating characteristic (ROC) curves. The area under the ROC (AUC) was compared, to
predict liver fibrosis in MASH patients. The combined AUCs between Hcy and the markers and
scoring system, and the distribution of the values in the form of Logl0, was evaluated. Diagnostic
performance was determined by sensitivity, specificity, positive predictive value, and negative
predictive value. A p-value of 0.05 was considered statistically significant. The data were analyzed
by using GraphPad Prism 5.01 and MedCalc version 19.1.

3. Results

3.1. Assessment of Pathological Characteristics of Patients

A total of 182 children diagnosed with MASLD (age range 8.12-14 years) were enrolled in the
study. Among them, 93 (51.1%) patients had mild SLD, while 89 (48.9%) had moderate-to-severe SLD
as assessed by ultrasound. According to the established diagnostic criteria, the 89 patients with
moderate-to-severe SLD underwent liver biopsy. Histological evaluation confirmed moderate-to-
severe SLD without evidence of MASH in 23 patients and revealed histopathological features
consistent with MASH in 66 patients (Supplementary Table S1). These data allowed us to classify
patients into three distinct groups: i) the Mild SLD group (N=93), ii) the All SLD group (N=116), which
collectively includes patients with mild (N=93) and moderate-to-severe SLD (N=23) groups, iii) the
MASH group (N=66). In these groups, we evaluated anthropometric and biochemical parameters, as
well as the non-invasive fibrosis scores APRI and FIB-4.

As shown in Table 1, there are no statistically significant differences between Mild SLD and All
SLD patients. Conversely, the MASH group showed statistically significant differences in various
parameters compared to the SLD groups. Specifically, MASH patients had higher ALT, AST, insulin,
and HOMA-IR values, as well as lower HDL levels, than the mild and all SLD groups. However, in
the MASH group, TG and total cholesterol concentrations were significantly higher, and platelet
counts were comparatively lower than those observed in the Mild SLD group.

Furthermore, patients with MASH had significantly higher APRI values than those in the SLD
groups, whereas no significant differences were observed in FIB-4 indices.

Next, we evaluated CV parameters, including SBP, DBP, TG/HDL ratio, and Hcy levels. As
reported in Table 1, there were no statistically significant differences in SBP or DBP values among the
groups. It is also noteworthy that a MASH diagnosis was associated with a higher TG/HDL ratio and
higher Hcy levels than in the Mild and All SLD groups.

Table 1. Demographic, clinical, and laboratory data for SLD patients, according to disease severity.

Mild SLD Al SLD MASH P P MASH vs. All
Parameters N=93 N =116 (mild, N =66 Mild SLD Mild SLD SLD
moderate, severe) vs. All SLD vs. MASH
Sex (M/F) 54/37 67/49 42/24 - - -
Age (years) 11 [9-14] 11 [9-14] 10.85 [8.12-12.67] 0.40 0.34 0.59
BMI (kg/m2) 2540 [21.28- 2570 [21.31-30.70]  26.11 [22.13-28.84] 0.07 0.20 0.27
30.61]

AST (IU/L) 27.00 [17.25-55] 28.00 [21-39] 45.00 [28-62] 0.38 0.001 0.001
ALT (IU/L) 30.00 [17.25-55] 33.00 [20-60] 64.00 [32.75-86] 0.44 0.001 0.001
GGT (IU/L) 16.00 [12-27] 16.00 [12-28] 18.51 [14.25-25] 0.87 0.94 0.88
Fasting glucose  87.00 [82-92] 87.10 [81-92.5] 86.50 [78.75-88] 0.28 0.15 0.15

(mg/dL)
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Fasting insulin ~ 17.00 [11.77- 19.70 [12-26.65]  26.41[18.55-33.85]  0.72 0.01 0.03
(IU/mL) 25.25]
HOMA-IR 3.60[2.55-5.11]  3.44 [2.42-5.04] 412 [2.99-5.61] 0.40 0.038 0.049
TGs (mg/dL)  81.00[59-115.75]  92.00[58-122]  105.00 [69.75-147] 0.78 0.049 0.09
Cholesterol 150.000 [136.26-  151.00 [131-163] 167 [132.-198] 0.09 0.03 0.07
(mg/dL) 168.50]
HDL (mg/dL) 42.00[38-51]  41.00 [38.75-50] 34 [25-41] 0.10 0.02 0.001
LDL (mg/dL) 92.00 [78-104] 92.50 [79-104] 101 [78-113] 0.24 0.25 0.09
Plateles, 103l 299.00 [220-380] 279.50 [220-399.75] 253 [251-320] 0.16 0.045 0.057
APRI 0.34[0.25-051]  0.35[0.26-0.57] 0.57 [0.22-0.65] 0.95 0.032 0.041
FIB-4 1.20[0.24-1.55]  1.26[0.35-1.36] 1.35[0.37-1.82] 0.65 0.07 0.09
SBP (mmHg)  115.00 [103-120]  115.00 [103-120]  112.00 [104-116] 023 0.42 0.57
DBP (mmHg) 64.00 [56.25- 65.00 [57-69] 69.00 [64-77] 0.97 0.07 0.051
69.75]
TG/HDLratio  1.72[1.17-2.85]  1.79[1.22-2.84] 2.37 [1.73-3.95] 0.30 0.04 0.037
Hcy (umol/L) 10.00 [7-15] 10.17 [7-17] 15.5 [10.21-25.10] 0.09 0.002 0.03

SLD steatotic liver disease, MASH metabolic disfunction associated steatohepatitis, F female, M male, BMI body
mass index, ALT alanine aminotransferase, AST aspartate aminotransferase, GGT gamma-glutamyl transferase,
HOMA-IR homeostasis model assessment of insulin resistance, TGs triglycerides, HDL high-density lipoprotein,
LDL low-density lipoprotein, APRI AST/Platelet Ratio Index, FIB-4 Fibrosis-4 Index for Liver Fibrosis, SBP
systolic blood pressure, DBP diastolic blood pressure, Hcy homocysteine. Data are expressed as absolute number
or median (interquartile P25-P75 range). Statistical significance of differences between groups was analyzed by
unpaired t-test or Mann-Whitney U test.

3.2. Correlations Between Hcy and Anthropometric and Metabolic Parameters, Non-Invasive Fibrosis Scores,
and Histological Grading in Children with masld

The relationship between serum Hcy concentrations and parameters of cardiometabolic
dysfunction, as well as non-invasive scores of liver fibrosis, were first evaluated in all patients with
MASLD. As shown in Table S2, Hcy levels were correlated positively with fasting insulin (r=0.28, p
= 0.04) and HOMA-IR (r = 0.31, p = 0.02), and negatively with HDL cholesterol (r = -0.38, p = 0.02).
Furthermore, circulating levels of Hcy exhibited positive associations with APRI (r = 0.28, p = 0.03)
and TG/HDL ratio (r = 0.43, p = 0.02).

Subsequently, to assess whether elevated Hcy concentration was associated with
histopathological features of the advanced disease phenotype, we conducted Spearman correlation
analyses in the subgroup of patients with MASH. In this patient’s subgroup (Table 2), serum Hcy
levels correlated positively with BMI (r = 0.22, p = 0.038), fasting insulin (r= 0.62, p = 0.008), HOMA-
IR (r=0.28, p = 0.006) and LDL (r = 0.45 p = 0.0011) and negatively with HDL (r = —0.34, p = 0.021).
Noteworthy, increased levels of Hcy were significantly associated with the fibrosis index APRI, and
the TG/HDL ratio (r=0.23, p=0.033; r=0.53, p =0.006), as well as with histological evidence of hepatic
lobular inflammation and liver fibrosis (r =0.24, p = 0.017; r =0.28, p = 0.022).

To further clarify the relationship between serum concentrations of Hcy and the likelihood of
developing MASH, a multivariate regression analysis was performed. As reported in Table 3, after
adjusting for age and sex, the model revealed that elevated Hcy levels were independently associated
with HOMA-IR ($=0.55; SE= 0.31; p=0.049), with elevated TG/HDL ratio ((3=3.23; SE= 0.94; p=0.002)
and histological evidence of liver fibrosis ($=2.59; SE=1.24; p=0.04). These results indicated that Hcy
levels remain independently associated with cardiometabolic dysfunction and liver fibrosis.
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Overall, these results suggest that elevated levels of Hcy may predict both cardiometabolik risk
and the severity of liver disease in pediatric patients with MASLD.

Table 2. Correlation analysis between Hcy levels and cardiometabolic parameters, fibrosis score, and liver

histologic features in the MASH subgroup.

Hcy (umol/L) correlation

Variables r P

Age (years) 0.06 0.545
BMI (kg/m?2) 0.22 0.038
Fasting glucose (mg/dL) -0.22 0.288
Fasting insulin (IU/mL) 0.62 0.008
HOMA-IR 0.28 0.006
TGs (mg/dL) 0.12 0.378
Cholesterol (mg/dL) 0.10 0.547
HDL (mg/dL) -0.34 0.021
LDL (mg/dL) 0.45 0.011
AST(IU/L) -0.11 0.323
ALT (IU/L) 0.068 0.524
GGT (IU/L) 0.094 0.655
Platelets (10%)/ uL -0.10 0.942
APRI 0.23 0.033
FIB-4 0.063 0.765
SBP (mmHg) -0.14 0.182
DBP (mmHg) -0.02 0.848
TG/HDL ratio 0.53 0.006
Steatosis 0.09 0.854
Lobular Inflammation 0.24 0.017
Ballooning -0.02 0.844
Fibrosis 0.28 0.022
NAS 0.19 0.091

Hcy homocysteine, BMI Body Mass Index, HOMA-IR Homeostatic Model Assessment for Insulin Resistance,
TGs triglycerides, HDL High-Density Lipoprotein, LDL Low-Density Lipoprotein, AST Aspartate
Aminotransferase, ALT Alanine Aminotransferase, GGT Gamma-Glutamyl Transferase, APRI AST/Platelet
Ratio Index, FIB-4 Fibrosis-4 Index for Liver Fibrosis, SBP systolic blood pressure, DBP diastolic blood pressure,
NAS NAFLD Activity score. Correlation analysis using the Spearman Rho method.

Table 3. Multivariate regression analysis model between Hcy levels and cardiometabolic parameters, fibrosis

score, and liver histologic features in the MASH subgroup.

Variables p IF Y

Fasting insulin (IU/mL) 0.28 0.43 0.54
HOMA-IR 0.55 0.31 0.049
HDL-cholesterol (mg/dL) -0.16 0.21 0.07
LDL-cholesterol (mg/dL) 0.25 4.45 0.95
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APRI -12.71 6.92 0.060
TG/HDL ratio 3.23 0.94 0.002
Lobular Inflammation -1.28 1.36 0.35
Fibrosis 2.59 1.24 0.04

HOMA-IR Homeostatic Model Assessment for Insulin Resistance, TGs triglycerides, HDL High-Density
Lipoprotein, APRI AST/Platelet Ratio Index.

3.3. Evaluation of the Fitness of Hcy Levels in Predicting Liver Fibrosis

Next, we assessed the diagnostic accuracy of Hcy for predicting liver fibrosis in patients with
MASH by calculating the area under the receiver operating characteristic (ROC) curve (AUC). As
shown in Figure 1a, the AUC for Hcy in identifying patients with fibrosis was 0.809 (95% CI, 0.72-
0.87; p = 0.0001). The analysis showed that, for values greater than 8, the sensitivity was 74.5% [95%
CL, 65%-83%] and the specificity was 70.6% [95% CI, 44%-89%]. These findings suggest that elevated
Hcy levels are a strong predictor of clinically relevant liver fibrosis in pediatric MASLD patients.

Conversely, the ROC analysis of TG/HDL ratio (Figure 1b) to distinguish liver fibrosis showed
an AUC of 0.68 (95% CI, 0.54-0.71; p=0.017). Using values greater than 1.35, this parameter exhibited
a sensitivity of 73.5% (95% CI, 63.8-81.8), and a specificity of 56.25% (95% CI, 30.0-80.2), indicating a
poor/moderate discriminatory ability and a predictive performance lower than that of serum Hcy

levels (Figure 1b).
a b
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Figure 1. Diagnostic performance of Hey for predicting liver fibrosis in the MASH patient subgroup. ROC curves
of Hey (a) and TG/HDL ratio (b), with AUC values and the corresponding p-values.

Next, we compared the predictive performance of Hcy values with the commonly used serum
fibrosis scores and the TG/HDL ratio for predicting advanced fibrosis. In our subgroup of children
with MASH, the ROC curves (Figure 2) revealed that the AUC value of Hcy for predicting fibrosis
was 0.82 (95% CI: 0.73-0.88; p = 0.0001). Conversely, the AUC values were 0.50 (95% CI: 0.41-0.59; p
= 0.005) for APRI, 0.67 (95% CI: 0.57-0.75; p = 0.114) for FIB-4, and 0.63 (95% CI: 0.53-0.72; p = 0.034)
for the TG/HDL ratio. Among the evaluated indicators, Hcy had the highest AUC value,
demonstrating its greatest ability to discriminate between patients with and without liver fibrosis.
Compared to Hcy, the predictive accuracy of APRI and the TG/HDL ratio was limited, and the FIB-4
did not reach statistical significance
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Figure 2. Diagnostic performance of Hcy and non-invasive fibrosis and CV index for predicting liver fibrosis in
the MASH patient subgroup. ROC curves of Hcy, APRI, FIB-4, and TG/HDL ratio.

Finally, we evaluated the AUC of Hcy in combination with each of the other parameters
including APRI, FIB-4, and TG/HDL ratio. Data reported in Figure 3 showed an AUC of 0.62, (95%
0.55-0.68) for Hcy+APRI; an AUC of 0.63 (95%Cl, 0.57-0.99) for Hcy+FIB-4, and an AUC of 0.69 (95%
0.62-0.74) for HCy+TG/HDL ratio, suggesting that combinations of Hcy with other non-invasive
indexes for fibrosis and CV risk performed less well than Hcy alone.

Sensitivity %

Hey+APRI_Log10
Hey+FIB-4_Log10
Hey+TG/HDL_Log10

20

0 20 20 ) %0 100
100-Specificity

Figure 3. Diagnostic performance of Hcy combined with fibrosis and CV indexes for predicting liver fibrosis in
the MASH patient subgroup. ROC curves of Hcy+APRI, Hcy+FIB-4, and Hcy+TG/HDL ratio.

4. Discussion

The increasing prevalence of MASLD in pediatric populations underscores the need for reliable
non-invasive biomarkers to enable accurate disease staging, risk stratification for progression to
severe forms such as MASH and liver fibrosis, and, in particular, differentiation of advanced fibrosis
from mild stages. Our study revealed Hcy is an additional parameter for distinguishing SLD from
MASH-related fibrosis in pediatric MASLD.

However, more importantly, our results suggest that hyperhomocysteinemia is not only an
epiphenomenon but is closely intertwined with the metabolic alterations that characterize the
progression from simple steatosis to MASH. Indeed, the association of Hcy with APRI and
histological damage confirms that Hcy is an independent and accurate marker of significant liver
fibrosis in patients with MASH compared to MASLD and SLD as we previously demonstrated in
another pediatric cohort [15]. The direct association between Hcy levels and the histological grade of
lobular inflammation and fibrosis (grade >1) strengthens the hypothesis of its active role in the
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progression of liver damage [20]. Hyperhomocysteinemia is known to promote endoplasmic
reticulum stress, hepatocyte apoptosis, and activation of hepatic stellate cells, which are the key
cellular events in the fibrogenetic process [21].

The most clinically relevant finding from our study is the excellent diagnostic accuracy of Hcy
as a non-invasive marker of fibrosis. With an AUC of 0.809, Hcy demonstrated a significantly superior
performance compared to fibrosis scores commonly used in clinical and research settings. Moreover,
we found that a threshold value > 8 umol/L allows us to identify children with fibrosis, maintaining
good sensitivity (74.5%) and specificity (70.6%). In our cohort, APRI (AUC=0.50) was completely
ineffective, and FIB-4 (AUC=0.67) did not reach statistical significance, in line with other studies in
pediatric cohorts [22]. While the TG/HDL ratio, although associated with disease, showed modest
accuracy with an AUC of 0.68 for fibrosis. The AUC for Hcy is comparable to the performance of
GDF15 in assessing fibrosis in pediatric cohorts and highlights how both markers reflect the broad
state of cellular and inflammatory stress that drives MASH progression [23]. Comparing the
diagnostic accuracy of Hcy obtained in our pediatric cohort with data in the literature relating to
PRO-C3 (Propeptide of Type Il Collagen), the most accurate marker for fibrosis in pediatric and adult
MASLD (AUC > 0.80), Hcy showed similar or slightly lower performance [24]. Therefore, Hcy
provides an excellent alternative or complementary adjunct for initial risk stratification, given its
excellent performance compared to routine biomarkers, such as APRI and FIB-4 [22].

It is necessary to recognize some limitations of our work. Firstly, the cross-sectional design does
not allow us to establish a definitive causal link between Hcy and MASLD progression, but only to
highlight a strong association. Secondly, the study was conducted in a single hospital center, albeit
highly specialized, and the results need validation in larger multicenter charts. Finally, no data were
collected on factors known to influence Hcy levels, such as vitamin status (folate, B6, B12) or genetic
polymorphisms of the MTHFR enzyme, which could be confounding factors. However, our study,
using liver biopsy as the gold standard for a significant fraction of the cohort, provides robustness to
our results [25].

Overall, our findings suggest Hcy as a simple, cost-effective, and reliable screening tool to
identify pediatric patients with MASLD at higher risk for advanced fibrosis [26]. Therefore, this
biomarker could be integrated into clinical practice to select patients who need more intensive
monitoring or more in-depth evaluation, such as liver biopsy or elastography.

5. Conclusions

In conclusion, our data candidate Hcy as a non-invasive, robust, and reliable marker for fibrosis
risk stratification in children with MASLD, surpassing some fibrosis scores currently used in the adult
population in terms of accuracy. Its close correlation with the pillars of metabolic dysfunction
suggests an active pathogenetic role. Further prospective longitudinal studies are warrented to
confirm its predictive value over time and to explore whether interventions aimed at reducing
hyperhomocysteinemia, such as vitamin supplementation, can modify the natural history of liver
disease in children.

Supplementary Materials: The following supporting information can be downloaded at: Preprints.org, Table
S1: Histological characteristics of the 89 patients with moderate-to-severe SLD; Table S2: Correlation analysis

between Hcy and cardiometabolic parameters and fibrosis score in the children with MASLD.
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Abbreviations

The following abbreviations are used in this manuscript:

ALT Alanine aminotransferase,

APRI AST/Platelet Ratio Index

AST Aspartate aminotransferase,

BMI Body mass index

CVD Cardiovascular disease

DBP Diastolic blood pressure,

FIB-4 Fibrosis-4 index

GGT Gamma-glutamyltransferase

HDL High-density lipoprotein

IQR Interquartile range

LDL Low-density lipoprotein

HOMA-IR homeostatic model assessment for insulin resistance
MASLD Metabolic dysfunction-associated fatty liver disease
MASH Metabolic dysfunction-associated steatohepatitis
NAFLD Non-alcoholic fatty liver disease

NAS NAFLD Activity score

SBP Systolic blood pressure

SLD Steatotic liver disease

TGs Triglycerides
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