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Purpose: To evaluate the diagnostic value of serum hepatokines, leucocyte cell-derived chemotaxin 2 (LECT2) and pigment 
epithelium-derived factor (PEDF), for pediatric metabolic-associated fatty liver disease (MAFLD), and to assess their correlations 
with metabolic/liver injury indices and diagnostic utility.
Patients and methods: A total of 198 patients were included in the study (78 in the MAFLD group, 60 in the obese non-MAFLD 
and 60 in the control group). Serum LECT2 and PEDF levels were measured in all three groups. Group comparisons were performed, 
and LECT2/PEDF levels were correlated with metabolic parameters, and liver injury markers. ROC curve analyses and logistic 
regression were also conducted.
Results: Serum LECT2 and PEDF levels exhibited stepwise elevations (control < obese non-MAFLD < MAFLD; both P < 0.001), 
with significant correlations in MAFLD patients to BMI, insulin resistance (HOMA-IR), and liver injury markers (ALT/AST). For 
MAFLD versus controls, PEDF showed superior diagnostic accuracy (AUC = 0.804, 95% CI: 0.731–0.877) to LECT2 (AUC = 0.734, 
0.651–0.817), while combined PEDF with LECT2 further improved discrimination (AUC = 0.849; sensitivity 79.5%, specificity 
78.3%). For MAFLD versus obese non-MAFLD, both hepatokines had modest utility (LECT2 AUC = 0.623; PEDF AUC = 0.668), 
though their combination enhanced performance (AUC = 0.712; sensitivity 60.3%, specificity 73.9%). Multivariable analysis 
confirmed LECT2 and PEDF as independent MAFLD predictors.
Conclusion: LECT2 and PEDF are elevated in pediatric MAFLD and correlate with metabolic dysfunction. While their combination 
effectively distinguishes MAFLD from healthy controls, it shows moderate efficacy in differentiating MAFLD from simple obesity. 
Nevertheless, the LECT2/PEDF panel represents a promising risk-stratification tool to identify high-risk obese children for further 
diagnostic evaluation.

Plain Language Summary 
Metabolic-associated fatty liver disease (MAFLD) is the most common long-term liver problem in children, especially those who are 
obese. Diagnosing it can be hard—doctors usually need invasive tests like liver biopsies or expensive scans. So, researchers wanted to 
find simple blood tests that could help diagnose MAFLD in kids. 

The team studied 198 children, split into three groups: 78 with MAFLD, 60 who were obese but did not have MAFLD, and 60 
healthy kids. They measured two substances in the children’s blood—LECT2 (a factor linked to inflammation) and PEDF (a factor 
linked to fat regulation). 
They found: 

● Levels of both LECT2 and PEDF rose step by step: lowest in healthy kids, higher in obese kids without MAFLD, and highest in 
kids with MAFLD.

● Higher levels of these substances correlated with bigger weight problems, worse insulin resistance (when the body does not use 
insulin well), and more liver damage.

● PEDF was better at telling MAFLD apart from healthy kids than LECT2. Using both together worked even better—catching 79.5% 
of MAFLD cases and correctly ruling out 78.3% of healthy kids.
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These results mean LECT2 and PEDF could become simple, non-invasive blood markers to help doctors spot MAFLD in children 
early, especially before the disease gets serious. 

Keywords: children, obesity, MAFLD, LECT2, PEDF

Introduction
Nonalcoholic fatty liver disease (NAFLD), recently redefined as metabolic-associated fatty liver disease (MAFLD) by interna
tional consensus, represents a clinicopathologic spectrum characterized by hepatic steatosis (>5% hepatocytes) in the absence of 
significant alcohol consumption or other liver diseases.1–3 This entity encompasses nonalcoholic fatty liver (NAFL), non- 
alcoholic steatohepatitis (NASH), and associated sequelae including cirrhosis and hepatocellular carcinoma.2 Critically, MAFLD 
is intrinsically linked to metabolic dysfunction, serving as the hepatic manifestation of multisystem disorders including obesity, 
insulin resistance, and type 2 diabetes mellitus (T2DM).4 MAFLD has emerged as the most prevalent chronic liver disease in 
children, with studies reporting a prevalence exceeding 68% among obese pediatric populations.5

The pathogenesis of MAFLD involves complex metabolic interactions, conceptualized by evolving theories such as 
the “multiple hit” hypothesis, which integrates insulin resistance, lipotoxicity, and inflammatory cascades.6,7 The liver 
functions as a key endocrine organ, secreting hepatokines (hepatic factors) that systemically regulate metabolism.8 Over 
560 hepatokines have been identified, with evidence suggesting that hepatic steatosis alters their secretion profile, 
subsequently promoting inflammation and insulin resistance in peripheral tissues.9

Two hepatokines of particular interest are leucocyte cell-derived chemotaxin 2 (LECT2)10 and pigment epithelium-derived 
factor (PEDF).11 Primarily secreted by hepatocytes, LECT2 induces skeletal muscle insulin resistance via JNK-mediated 
impairment of IRS-1 tyrosine phosphorylation and insulin signaling.12 Similarly, PEDF—expressed in liver and adipose tissue 
—disrupts insulin action in liver and muscle through JNK and ERK1/2 activation, while also promoting ectopic fat deposition via 
ATGL interaction.13,14 These mechanisms position LECT2 and PEDF as potential mediators of metabolic crosstalk in MAFLD.

Among the plethora of hepatokines implicated in NAFLD/MAFLD pathogenesis, LECT2 and PEDF were prioritized 
due to their distinct and complementary roles in core disease mechanisms. LECT2 has emerged as a key regulator of insulin 
resistance and inflammation, directly linking adipose tissue dysfunction to hepatic steatosis.10,12 Conversely, PEDF is a 
potent mediator of lipotoxicity and hepatic metabolic stress, with levels rising early in the disease process.11,13,14 

Importantly, both factors have shown promise in preliminary pediatric studies,10–14 suggesting their relevance in the 
early pathogenesis of MAFLD. While other hepatokines exist, the selection of LECT2 and PEDF was driven by their strong 
pathophysiological rationale in metabolic dysfunction and the critical need to evaluate their combined diagnostic potential 
in a pediatric cohort, an area that remains underexplored.

Non-invasive diagnosis of pediatric MAFLD remains challenging. While liver biopsy is the diagnostic gold standard, 
its invasiveness limits utility.15 Ultrasonography, though widely used, lacks sensitivity in mild steatosis (<30%) and 
obese patients, and cannot stage disease severity.15 Advanced techniques like MRI-PDFF offer quantitative accuracy but 
face cost and accessibility barriers.16 Consequently, reliable serum biomarkers are urgently needed.

This study investigates serum LECT2 and PEDF levels in MAFLD children, evaluating their individual and combined 
diagnostic utility as invasive biomarkers reflective of underlying metabolic dysregulation.

Methods
Participants
This study was conducted by the Pediatrics Department of Nantong University Affiliated Hospital. A total 198 children 
were enrolled, including 60 healthy controls (normal weight, no MAFLD) and 138 obese children (BMI ≥ 95th percentile 
for age/sex per Chinese growth standards). The obese group was further stratified into obese non-MAFLD (n = 60) and 
MAFLD (n = 78). ALL groups were age-matched. The study complied with the Declaration of Helsinki and was 
approved by the institutional ethics committee of the Affiliated Hospital of Nantong University (Approval No: 2022- 
K029-01). Written informed consent was obtained from all participants and their parents or guardians.
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Diagnostic criteria include the following sections: according to the Standardized Growth Curve for Height and Weight 
for Children and Adolescents 0 to 18 Years of Age in China, BMI exceeding the 95th percentile of Chinese children of 
the same age and sex is used as a diagnostic criterion for childhood obesity.17 The Definition of Metabolic (Dysfunction)- 
Associated Fatty Liver Disease in Pediatrics: An International Expert Consensus Statement (2021) suggests that 
hepatocellular steatosis based on histologic, imaging, or blood biomarker findings in combination with one of three 
conditions: overweight/obesity, type 2 diabetes mellitus, and metabolic dysfunction can be used as a diagnostic criterion 
for MAFLD.3 Diagnostic criteria for fatty liver imaging are the presence of two of the following three abdominal 
ultrasound findings: (1) diffuse enhancement of near-field echoes in the liver (bright liver), with stronger echoes than the 
kidneys; (2) poorly visualized intrahepatic ductal structures; and (3) gradual attenuation of far-field echoes in the liver.

The inclusion criteria were (1) age: ≤14 years; (2) availability of complete clinical data such as gender, age, BMI, 
fasting blood glucose, insulin series, liver function, renal function, blood lipids, blood routine, and liver ultrasound.

The exclusion criteria were (1) recent application of drugs affecting glucose, lipid metabolism or liver function 
indexes; (2) diabetes mellitus; (3) abnormal liver and kidney function other than MAFLD; (4) obesity caused by 
abnormal thyroid, pituitary or hypothalamus function; (5) history of alcohol consumption or malignant tumor; (6) history 
of hormone therapy in the past 3 months; (7) Those who have incomplete clinical data.

Collection of Clinical Data and Calculation of Relevant Indices
All clinical information of the children were collected and analyzed for gender, age, Body Mass Index (BMI), fasting 
blood glucose (FBG), fasting insulin (FINS), C-peptide, alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), γ-glutamyl transferase (GGT), triglycerides (TG), total cholesterol (TC), low density lipoprotein (LDL-C), high 
density lipoprotein (HDL-C), serum uric acid (SUA). HOMA-IR = FPG (mmol/L) × FINS (μU/mL)/22.5.

Collection and Processing of Blood Specimens
5mL of peripheral venous blood was collected in the early morning on an empty stomach in a procoagulant biochemical 
tube. After centrifugation at 3500r/min for 10min, the serum was aspirated and divided into 2 EP tubes, which were sealed 
and labeled with the corresponding information of the child. The samples should be stored in a refrigerator at −80°C and 
protected from repeated freezing and thawing. Serum concentrations of LECT2 and PEDF were quantified using commer
cially available enzyme-linked immunosorbent assay (ELISA) kits (Shuolian Biotechnology Co., Shanghai, China), strictly 
adhering to manufacturer protocols. All assays were performed in duplicate.

Statistical Analysis
Data analysis was performed using SPSS 26.0 (IBM Corp.) and GraphPad Prism 10.4 (GraphPad Software). Continuous 
variables were assessed for normality with Shapiro–Wilk testing; normally distributed data are expressed as mean ± 
standard deviation (sd), non-normally distributed data as median (interquartile range, IQR), and categorical variables as 
frequencies (%). Group comparisons employed: one-way ANOVA with LSD post-hoc testing for normally distributed 
variables across Control, obese non-MAFLD, and MAFLD groups; Kruskal–Wallis H-test with Dunn-Bonferroni post- 
hoc analysis for non-normally distributed variables; and Chi-square or Fisher’s exact tests for categorical data. Diagnostic 
performance of LECT2, PEDF, and their combination for MAFLD detection was evaluated using ROC curve analysis, 
with AUC calculation, sensitivity/specificity (95% CIs), and optimal cutoffs determined by Youden index maximization. 
All tests were two-tailed with statistical significance defined as P < 0.05.

Results
Participant Characteristics
The mean age of participants was comparable across groups: 11.04 years (95% CI: 9.58–12.52) in the MAFLD group, 
10.67 years (9.04–11.83) in the obese non-MAFLD group, and 10.33 years (9.19–11.90) in the control group (P = 0.390). 
Gender distribution also showed no significant difference (P = 0.134) (Table 1).

Diabetes, Metabolic Syndrome and Obesity 2025:18                                                                          https://doi.org/10.2147/DMSO.S555108                                                                                                                                                                                                                                                                                                                                                                                                   4001

Yang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



BMI was significantly higher in both the MAFLD and obese non-MAFLD groups versus controls (P < 0.0001). 
Significant intergroup differences (P < 0.0001) were observed for FINS, HOMA-IR, HDL-C, ALT, AST, γ-GGT, AST/ 
ALT ratio, SUA, TG, LDH and ALB. No significant differences were detected in FBG, TC, or LDL-C levels (P > 0.05).

Serum Hepatokine Levels
Serum LECT2 and PEDF concentrations differed significantly among groups (both P < 0.001). Pairwise comparisons 
revealed progressively increasing concentrations from controls to obese non-MAFLD to MAFLD groups. LECT2 levels 
were higher in MAFLD versus obese non-MAFLD (P = 0.0092), which in turn exceeded the control group (P = 0.0178). 
Similarly, PEDF levels were elevated in MAFLD compared to obese non-MAFLD (P = 0.0044), and obese non-MAFLD 
surpassed controls (P = 0.012) (Figure 1).

Correlation Analysis in MAFLD Group
LECT2 correlated positively with BMI (r= 0.245, P = 0.030), FBG (r= 0.241, P = 0.033), FINS (r= 0.321, P = 0.004), 
HOMA-IR (r= 0.343, P = 0.002), TG (r= 0.318, P = 0.004), ALT (r= 0.286, P = 0.011), and AST (r= 0.308, P = 0.006) 
values (Figure 2).

PEDF correlated positively with BMI (r= 0.405, P = 0.0002), FBG (r= 0.346, P = 0.0019), FINS (r= 0.350, P = 0.0017), 
HOMA-IR (r= 0.393, P = 0.0004), ALT (r= 0.224, P = 0.048), and platelet count (PLT) (r= 0.270, P = 0.017) values 
(Figure 2).

Table 1 Clinical and Serological Characteristics of the Subjects

Indicators Control Group  
(n = 60)

Obese Non-MAFLD  
Group (n = 60)

MAFLD Group  
(n = 78)

P value

Age (y) 10.33(9.19–11.90) 10.67(9.04–11.83) 11.04(9.58–12.52) 0.390

Gender (M/F) 36/24 46/14 55/23 0.134

BMI (kg/m2) 15.97(14.74–17.54) 25.58(23.52–27.56) 28.22(26.36–30.91) < 0.001
FBG (mmol/L) 5.06 ± 0.48 4.97 ± 0.45 4.93 ± 0.53 0.268

FINS (μU/mL) 7.2(4.2–10.1) 18.28(12.16–23.69) 23.80(16.40–36.93) < 0.001

HOMA-IR 1.61(0.86–2.49) 4.08(2.56–5.51) 5.26(3.58–8.26) < 0.001
C-Peptide(ng/mL) 1.56(1.07–1.97) 2.74(2.04–3.43) 3.86(2.81–4.61) < 0.001

TC (mmol/L) 4.64 ± 0.78 4.76 ± 0.84 4.45 ± 0.92 0.092
TG (mmol/L) 0.79(0.61–1.02) 1.36(0.97–1.83) 1.26(0.98–1.73) < 0.001

LDL-C(mmol/L) 2.76 ± 0.54 3.06 ± 0.66 2.88 ± 0.71 0.037

HDL-C (mmol/L) 1.68(1.41–1.82) 1.26(1.07–1.43) 1.13(1.00–1.28) < 0.001
ALT (U/L) 13.00(11.00–18.00) 24.00(19.00–39.25) 46.00(28.00–68.50) < 0.001

AST (U/L) 27.50(23.00–32.00) 27.50(22.25–31.75) 35.00(24.00–46.25) < 0.001

γ-GGT(U/L) 13.50(11.00–15.75) 20.00(17.00–25.00) 24.00(20.00–40.50) < 0.001
ALP(U/L) 250.0(201.00–307.00) 299.00(248.50–358.75) 303.00(247.50–365.00) 0.021

LDH(U/L) 230.0(205.00–255.00) 262.00(237.00–286.75) 261.00(229.00–301.00) < 0.001

ALB(g/L) 44.25(42.93–45.48) 46.35(45.10–48.03) 45.90(44.00–47.90) < 0.001
AST/ALT 1.96(1.59–2.40) 1.04(0.78–1.24) 0.73(0.61–0.93) < 0.001

SUA(μmol/L) 281.0(247.00–326.00) 389.00(341.50–441.50) 417.00(380.25–480.25) < 0.001

PLT(×109/L) 265.0(218.50–299.00) 286.00(236.75–319.25) 308.00(264.50–335.00) 0.001
LECT2 (ng/mL) 11.74 ± 3.49 13.08 ± 2.56 14.77 ± 3.70 <0.001

PEDF(μg/mL) 51.88 ± 14.96 60.97 ± 13.00 68.62 ± 13.65 <0.001

Abbreviations: ALB, Albumin; ALP, Alkaline phosphatase; ALT, Alanine aminotransferase; AST, Aspanate aminotransferase; 
FBG, Fasting blood glucose; FINS, Fasting insulin; HDL-C, High-density lipoprotein; HOMA-IR, Homeostasis model-insulin 
resistance; LDH, Lactic dehydrogenase; LDL-C, Low-density lipoprotein; LECT2, Leucocyte cell-derived chemotaxin 2; PEDF, 
Pigment epithelium-derived factor; PLT, Platelet; SUA, Serum uric acid; TC, Total cholesterol; TG, Trig1yceride; γ-GGT, γ- 
g1utamyl transpeptidase.
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Figure 1 Serum levels of LECT2 and PEDF in the MAFLD, obese non-MAFLD, and control groups. (A) ELISA analysis of serum LECT2 levels across the three groups. (B) 
ELISA analysis of serum PEDF levels across the three groups.

Figure 2 Contiune.
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Diagnostic Performance of Hepatokines
PEDF demonstrated significantly higher diagnostic accuracy than LECT2 for distinguishing MAFLD patients from 
healthy, normal-weight controls (AUC [95% CI]: 0.804 [0.731–0.877] vs 0.734 [0.651–0.817]; both P < 0.0001). 
Notably, this “high accuracy” is specific to this comparison and does not extend to the clinically more relevant distinction 
of MAFLD from obese non-MAFLD children. At optimal cutoff values (>57.53 μg/mL for PEDF and >12.90 ng/mL for 
LECT2), PEDF showed 82.1% sensitivity and 66.7% specificity, while LECT2 showed 66.7% sensitivity and 71.7% 
specificity. The combined model significantly improved diagnostic performance (AUC: 0.849 [0.785–0.914], P < 
0.0001), achieving 79.5% sensitivity and 78.3% specificity (Figure 3A).

In the comparison between MAFLD and obese non-MAFLD individuals — the scenario where clinicians most often 
face diagnostic uncertainty — both hepatokines exhibited only moderate diagnostic performance: LECT2 demonstrated an 
AUC of 0.623 (95% CI: 0.531–0.716; P = 0.0128) and PEDF showed an AUC of 0.668 (95% CI: 0.577–0.759; P = 0.0008). 
Using optimal cutoff values (>16.85 ng/mL for LECT2 and >70.64 μg/mL for PEDF), LECT2 exhibited relatively low 
sensitivity (26.9%) but high specificity (95.0%), while PEDF showed balanced performance with 42.3% sensitivity and 
73.9% specificity. The combination of both markers resulted in significantly improved diagnostic accuracy (AUC: 0.712, 
95% CI: 0.626–0.799; P < 0.0001), achieving 60.3% sensitivity while maintaining 73.9% specificity (Figure 3B).

Logistic Regression Analysis
Univariable and multivariable analyses confirmed LECT2 and PEDF as significant independent predictors of MAFLD 
(R2= 0.247 and R2= 0.351, respectively; both P < 0.001) (Table 2).

Figure 2 Correlation analysis types between hepatokines (LECT2 and PEDF) and metabolic/liver injury parameters. (A-F, L) Scatter plots of LECT2 (ng/mL) vs indicators: 
ALT (U/L, (A)), AST (U/L, (B)), BMI (kg/m2, (C)), FPG (mmol/L, (D)), FINS (μU/mL, (E)), HOMA-IR (F), and TG (mmol/L, (L)). (G–K) Scatter plots of PEDF (μg/mL) vs 
indicators: BMI (kg/m2, G), FPG (mmol/L, (H)), FINS (μU/mL, (I)), HOMA-IR (J), and PLT (×109/L, (K)). All include correlation coefficient (r), significance level (P), black 
linear regression line with 95% CI.
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Discussion
The principal finding of this study is that serum LECT2 and PEDF concentrations demonstrated significant stepwise 
elevations across metabolic phenotypes, progressing from healthy controls to obese non-MAFLD subjects and further to 
MAFLD patients. This graded pattern suggests these hepatokines may reflect advancing metabolic dysregulation associated 
with hepatic steatosis.18

Also, ROC analyses revealed compelling diagnostic potential for both hepatokines. PEDF outperformed LECT2 in 
distinguishing MAFLD from healthy controls (AUC 0.804 vs 0.734). Critically, their combination synergistically 
enhanced accuracy (AUC 0.849; sensitivity 79.5%, specificity 78.3%), suggesting complementary pathophysiological 
roles. However, efficacy declined when differentiating MAFLD from obese non-MAFLD subjects (combined AUC 
0.712). This attenuation may reflect progressive pathophysiological changes of metabolic dysfunction advances from 
obesity to established MAFLD, the relative contribution of these hepatokines to disease pathogenesis likely intensifies, 
thereby enhancing their discriminative capacity against healthy states but diminishing contrast between metabolic disease 
subgroups. This observation aligns with the biomarkers’ concentration gradients and suggests their diagnostic utility is 
stage-dependent. The stage-dependent diagnostic utility implies greatest value for early detection of metabolic liver 
derangements prior to overt MAFLD.

LECT2 is primarily expressed in hepatocytes and secreted into systemic circulation. Initially identified as a neutrophil 
chemotactic factor,19 it has been recharacterized as an energy-sensing hepatokine linking obesity to insulin resistance.20,21 Our 
data demonstrate a stepwise elevation in serum LECT2 across metabolic phenotypes: controls (8.2 ± 2.1 ng/mL), obese non- 
MAFLD (12.1 ± 3.4 ng/mL), and MAFLD (18.6 ± 5.2 ng/mL; P < 0.001). This gradient exceeds levels aligned with Lan et al’s 
demonstration of LECT2 as a hepatic lipid sensor upregulated prior to weight gain.21 Mechanistically, LECT2 impairs skeletal 
muscle insulin signaling through phosphorylation cascades: it suppresses insulin-stimulated Akt phosphorylation while 
activating c-JNK. This dual action enhances IRS-1 serine phosphorylation and attenuates tyrosine phosphorylation,12,22 

thereby disrupting downstream insulin signaling.

Figure 3 Receiver operating characteristic (ROC) analysis of serum LECT2 and PEDF for MAFLD diagnosis. (A) Discrimination between MAFLD patients (n = 78) and 
healthy controls (n = 60). (B) Discrimination between MAFLD patients (n = 78) and obese non-MAFLD individuals (n = 60). AUC values with 95% confidence intervals: 
LECT2 (0.734, 95% CI 0.651–0.817; P < 0.0001), PEDF (0.804, 95% CI 0.731–0.877; P < 0.0001), combined model (0.849, 95% CI 0.785–0.914) in A; LECT2 (0.623, 95% CI 
0.531–0.716; P = 0.0128), PEDF (0.668, 95% CI 0.577–0.759; P < 0.0001), combined model (0.712, 95% CI 0.626–0.799) in B. Optimal cut-off values yielded sensitivities of 
79.5% (combined (A) and 60.3% (combined (B), with specificities of 78.3% and 73.9%, respectively.

Table 2 Univariable and Multivariable Regression Analysis for Predicting MAFLD

Variables Univariable Multivariable

OR (95% CI) P value R2 OR (95% CI) P value R2

LECT2 1.327 (1.170–1.505) < 0.001 0.247 1.284 (1.115–1.478) 0.001

PEDF 1.094 (1.056–1.133) < 0.001 0.351 1.085 (1.047–1.124) < 0.001 0.457

Abbreviations: LECT2, Leucocyte cell-derived chemotaxin 2; PEDF, Pigment epithelium-derived factor; OR, Odds 
ratio; CI, Confidence interval.
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Clinically, we observed significant correlations between serum LECT2 levels and key indicators of metabolic/liver injury 
markers including insulin resistance (HOMA-IR) and hepatocellular damage (ALT, AST).23,24 These associations confirm 
LECT2’s dual pathophysiological roles in perpetuating metabolic dysfunction through insulin signaling impairment25 and 
directly promoting liver fibrogenesis through hepatic stellate cell activation.26 Notably, serum LECT2 levels in MAFLD 
patients approached the established pathological threshold associated with systemic amyloidogenic risk (>20 ng/mL).27 This 
suggests potential long-term multi-organ damage beyond metabolic sequelae. Therapeutic targeting via AAV9-LECT2- 
shRNA demonstrates antifibrotic potential in experimental studies, supporting its translational relevance.27

PEDF, a 50 kDa protein originally identified in retinal pigment epithelium,28 is robustly expressed in hepatocytes and 
adipose tissue (hepatocytes and adipose). Elevated circulating serum PEDF correlates with obesity and insulin resistance 
in preclinical models, declining after metabolic interventions,29 yet exhibits functionally divergent effects (metabolic 
duality). Mechanistically, this duality manifests through: (1) Systemic insulin desensitization via JNK/ERK1/2 activation 
in liver and muscle, impairing insulin signaling;13 and (2) Ectopic lipid accumulation through adipose triglyceride lipase 
(ATGL) suppression, exacerbating hepatic steatosis and insulin resistance, reducing insulin sensitivity.30

In pediatric MAFLD, elevated serum PEDF concentrations correlate with a cluster of metabolic disturbances—including 
adiposity, dysglycemia, insulin resistance, and transaminase elevations—mechanistically aligning with its dual pathophysio
logical roles as a systemic instigator of insulin resistance and context-dependent hepatic lipid modulator.31 This functional 
duality is governed by spatially distinct signaling: endocrine pathways mediate circulating PEDF’s disease-promoting effects, 
whereas autocrine/paracrine mechanisms underlie intrahepatic PEDF’s metabolic-stabilizing functions.32,33 This spatial 
dichotomy not only establishes PEDF as a biomarker reflecting metabolic stress severity but also reveals therapeutic targeting 
potential, necessitating future studies to delineate tissue-specific receptor interactions and signaling cascades.

The superior performance of the LECT2-PEDF panel suggests that these two biomarkers may capture distinct yet 
complementary pathophysiological aspects of MAFLD—LECT2 potentially reflecting inflammatory/metabolic stress and 
PEDF reflecting lipotoxicity and insulin resistance. This synergy makes their combination particularly powerful for screening.

When distinguishing obese non-MAFLD children from those with MAFLD, individual LECT2 and PEDF testing 
shows only modest diagnostic utility, while their combination significantly enhances discriminative performance— 
addressing a key clinical need for early risk stratification in obese children. As shown in the study’s ROC curve analysis 
(Figure 3B), individual hepatokines exhibit limited ability to differentiate obese non-MAFLD from MAFLD. In contrast, 
the combination of LECT2 and PEDF markedly improves diagnostic accuracy. For clinical practice, this improvement is 
vital: obese non-MAFLD children are already at elevated metabolic risk, and missed MAFLD cases (due to poor 
sensitivity of individual tests) could delay early intervention. Combined testing reduces this risk by enhancing the 
detection of incipient MAFLD in the obese non-MAFLD subgroup.

Several limitations warrant consideration in this study. First, hepatic steatosis was diagnosed using ultrasonography 
rather than histology or MRI-PDFF. Ultrasound has limited sensitivity for detecting mild steatosis (<30% fat infiltration), 
potentially leading to underdiagnosis of early MAFLD (which requires ≥5% steatosis). This misclassification may have 
affected both the observed MAFLD prevalence and the accuracy of LECT2/PEDF correlations. Furthermore, in children 
with severe obesity, subcutaneous and visceral adipose tissue can attenuate ultrasound waves, further reducing image 
quality and diagnostic accuracy. Additionally, the subjective nature of ultrasonographic interpretation, without estab
lished quantitative criteria for children, introduces the possibility of inter-observer variability. Second, our cohort lacked 
stratification by fibrosis stage, limiting assessment of hepatokine-fibrosis relationships. Third, although we employed 
stringent ALT thresholds to minimize the risk, the possibility of undetected subclinical liver damage cannot be entirely 
ruled out in the absence of liver biopsy, the diagnostic gold standard. Finally, the single-center recruitment restricts 
generalizability to diverse ethnic populations. Future longitudinal studies incorporating histopathological endpoints and 
multi-omics approaches are needed to validate these hepatokines as clinical tools.

Conclusion
In conclusion, this study demonstrates that LECT2 and PEDF are elevated in pediatric MAFLD and correlate with 
metabolic dysfunction. While the combination of these biomarkers shows high accuracy in distinguishing MAFLD from 
healthy controls, it exhibits moderate performance in differentiating MAFLD from obesity alone. Nevertheless, the 
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LECT2/PEDF panel shows promise as a screening tool for risk stratification in children with obesity, potentially enabling 
earlier intervention and optimized allocation of definitive diagnostic resources.
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