Supplementary Table 1. Laboratory Reference Ranges and Analytical Methods.
	Parameter
	Methodology
	Unit
	Reference Range
	Instrument Used

	Fasting Blood Glucose
	Hexokinase enzymatic method
	mg/dL
	70–99
	Roche Cobas 6000

	Fasting Insulin
	Chemiluminescent immunoassay
	µIU/mL
	2–25
	Abbott Architect i2000SR

	HbA1c
	HPLC
	%
	<5.7
	Bio-Rad D-10 Analyzer

	Total Cholesterol
	Enzymatic colorimetric
	mg/dL
	<200
	Beckman AU5800

	HDL-C
	Direct enzymatic
	mg/dL
	>40
	Beckman AU5800

	LDL-C
	Calculated (Friedewald)
	mg/dL
	<130
	Beckman AU5800

	Triglycerides
	GPO-PAP enzymatic
	mg/dL
	<150
	Beckman AU5800

	ALT
	Kinetic UV method
	U/L
	<40
	Roche Cobas 6000

	AST
	Kinetic UV method
	U/L
	<40
	Roche Cobas 6000

	TSH
	Electrochemiluminescence
	µIU/mL
	0.4–4.0
	Abbott Architect i2000SR

	Free T4
	Chemiluminescent immunoassay
	ng/dL
	0.8–1.8
	Abbott Architect i2000SR

	IGF-1
	Chemiluminescent immunoassay
	ng/mL
	Age-, sex-, and puberty-stage-specific reference interval
	Abbott Architect i2000SR

	Cortisol
	Chemiluminescent immunoassay
	μg/dL
	6–23
	Abbott Architect i2000SR

	Leptin
	 ELISA
	ng/mL
	3–18
	BioTek 800 TS absorbance reader

	Adiponectin
	 ELISA
	μg/mL
	6–12
	 BioTek 800 TS absorbance reader



Supplementary Table 2. HOMA-IR and MetS Distribution by Sex and Tanner Stage.

	Variable
	Total (n=429)
	Male (n=240)
	Female (n=189)
	Crude p-value
	Adjusted p-value

	HOMA-IR, median (IQR)
	4.38 (2.69–5.66)
	4.22 (2.54–5.62)
	4.54 (2.93–5.70)
	0.291
	0.092

	HOMA-IR by Tanner stage, median (IQR)
	

	  Tanner I
	3.21 (2.04–4.91)
	3.18 (1.85–4.68)
	3.98 (2.84–5.65)
	0.149
	—

	  Tanner II–V
	4.67 (2.92–5.77)
	4.60 (2.74–5.89)
	4.71 (3.08–5.67)
	0.904
	—

	Insulin resistance by puberty-stage-specific cutoff, n (%)
	282 (72.3)
	153 (68.6)
	129 (77.2)
	0.076
	0.103

	  Tanner I, HOMA-IR >2.5
	51 (68.0)
	35 (62.5)
	16 (84.2)
	0.142
	—

	  Tanner II–V, HOMA-IR >3.0
	231 (73.3)
	118 (70.7)
	113 (76.4)
	0.311
	—

	Metabolic syndrome, n (%)
	187 (43.6)
	109 (45.4)
	78 (41.3)
	0.446
	0.934


Note: HOMA-IR values are presented as median (interquartile range), whereas categorical variables are expressed as number (percentage). Group comparisons for HOMA-IR were performed using the Wilcoxon rank-sum test, and categorical variables were compared using the χ² test or Fisher’s exact test, as appropriate. Insulin resistance was defined using Tanner stage-specific HOMA-IR thresholds (>2.5 for Tanner stage I and >3.0 for Tanner stages II–V). Adjusted P values were obtained from multivariable regression models adjusted for age, BMI z-score, and Tanner stage. HOMA-IR values were natural log-transformed before regression analyses. HOMA-IR, homeostasis model assessment of insulin resistance.

Supplementary Table 3. Partial Correlation Between Endocrine Biomarkers and Metabolic Parameters (Adjusted for Age、sex and BMI-z Score).
	Endocrine biomarker
	Metabolic parameter
	Partial Spearman rho
	P value

	TSH
	Fasting_insulin
	0.013
	0.795

	Free_T4
	Fasting_insulin
	-0.064
	0.184

	IGF_1
	Fasting_insulin
	0.029
	0.547

	Leptin
	Fasting_insulin
	0.156
	<0.01

	Adiponectin
	Fasting_insulin
	-0.17
	<0.001

	TSH
	HOMA_IR
	0.016
	0.735

	Free_T4
	HOMA_IR
	-0.049
	0.315

	IGF_1
	HOMA_IR
	0.019
	0.7

	Leptin
	HOMA_IR
	0.181
	<0.001

	Adiponectin
	HOMA_IR
	-0.188
	<0.001

	TSH
	HDL_C
	0.029
	0.547

	Free_T4
	HDL_C
	-0.02
	0.673

	IGF_1
	HDL_C
	-0.03
	0.543

	Leptin
	HDL_C
	-0.086
	0.075

	Adiponectin
	HDL_C
	0.024
	0.624

	TSH
	Triglycerides
	0.01
	0.844

	Free_T4
	Triglycerides
	-0.045
	0.352

	IGF_1
	Triglycerides
	0.017
	0.733

	Leptin
	Triglycerides
	0.224
	<0.001

	Adiponectin
	Triglycerides
	-0.138
	<0.01

	TSH
	ALT
	-0.028
	0.567

	Free_T4
	ALT
	-0.007
	0.885

	IGF_1
	ALT
	0.032
	0.506

	Leptin
	ALT
	0.083
	0.088

	Adiponectin
	ALT
	-0.104
	0.033


Note:Data are presented as partial Spearman correlation coefficients (rho). The null hypothesis tested was that the correlation coefficient equals zero (no association). Each endocrine biomarker was compared with each metabolic parameter individually. All correlations were adjusted for age, sex, and BMI z‑score. No correction for multiple comparisons was applied; P values <0.05 were considered statistically significant.

Supplementary Table 4. Sensitivity Multivariable Logistic Regression Analysis Using Categorical Predictors of Metabolic Syndrome.
	Predictor
	Adjusted_OR
	95% CI
	p_value

	Male sex
	1.23
	0.8–1.9
	0.348

	Age ≥12 years
	1.58
	0.95–2.64
	0.079

	BMI-z ≥2.5
	0.9
	0.56–1.43
	0.657

	Tanner II–V vs Tanner I
	0.66
	0.37–1.17
	0.16

	Elevated HOMA-IR based on Tanner-specific cutoff
	2.97
	1.75–5.14
	<0.001

	High leptin
	1.84
	1.1–3.08
	0.02

	Low adiponectin
	2.32
	1.42–3.85
	<0.001

	FTO risk allele present
	2.01
	1.28–3.17
	0.003

	MC4R risk allele present
	1.88
	1.22–2.9
	0.004

	LEPR risk allele present
	1.5
	0.77–2.96
	0.237



