Supplementary Tables
Supplementary Table S1. Sensitivity of key results to alternative handling of missing height and weight data
	Metric
	Train-only median
	Full-data median
	Complete-case
	Iterative imputation + indicator

	N
	48,649
	48,649
	43,285
	48,649

	Elastic net CV AUC
	0.710
	0.711
	0.726
	0.742

	Self-esteem coefficient (β)
	−0.258
	−0.258
	−0.074
	−0.158

	Body weight, SHAP rank
	4th
	4th
	3rd
	4th

	Body weight, mean |SHAP|
	0.089
	0.085
	0.152
	0.140

	Height × Weight interaction, |SHAP| (rank)
	0.058 (1st)
	0.052 (1st)
	0.030 (3rd)
	0.031 (4th)


Note. Complete-case analysis excluded 5,364 participants without observed height or weight, relative to the 48,649 participants with recovered school membership (n = 43,285; screening-positive rate 67.3% vs. 32.3%, lower self-esteem, older grade distribution). Iterative (multivariate) imputation was fitted on the training set with missingness indicators for height and weight added as features; under this specification the height missingness indicator was the second-largest SHAP feature (after sex), indicating that missingness was informative and inconsistent with an MCAR assumption; MNAR cannot be established from the observed data alone. Body weight's importance was stable or increased across all approaches, whereas the magnitude of the self-esteem coefficient attenuated as missing-data handling became more conservative; its negative direction and top-5 rank were preserved. All coefficients are standardized (per-1-SD).
Supplementary Table S2. Cross-model feature ranking for all 41 retained features
	Feature
	EN coef
	EN coef
rank
	EN SHAP
rank
	RF imp
	RF rank
	XGB imp
	XGB rank

	CESDC_Total
	0.200
	2
	3
	0.139
	1
	0.173
	1

	GAD7_Total
	0.118
	5
	6
	0.108
	2
	0.054
	2

	Weight
	0.131
	4
	4
	0.078
	3
	0.046
	3

	SES_Mean
	-0.258
	1
	1
	0.076
	4
	0.028
	7

	IGDS_Total
	0.107
	6
	8
	0.031
	8
	0.021
	10

	NSSI_Q1
	0.096
	8
	12
	0.028
	11
	0.031
	6

	SDQ_Peer
	0.093
	9
	9
	0.019
	14
	0.021
	11

	Sex
	0.180
	3
	2
	0.012
	24
	0.038
	5

	J_Stress_Frustration
	0.076
	11
	11
	0.029
	10
	0.020
	12

	SDQ_Hyperactivity
	0.069
	13
	13
	0.034
	7
	0.019
	17

	Sleep_Hours_Avg
	-0.102
	7
	5
	0.019
	13
	0.017
	25

	K_Bullying_Total_Score
	0.058
	15
	18
	0.018
	15
	0.019
	16

	Height
	-0.027
	25
	19
	0.066
	5
	0.039
	4

	SDQ_Emotional
	0.008
	31
	25
	0.048
	6
	0.023
	8

	Suicide_Q1
	0.001
	41
	34
	0.030
	9
	0.019
	15

	H_Rumination
	0.082
	10
	10
	0.013
	23
	0.017
	27

	Grade
	0.029
	23
	7
	0.017
	16
	0.022
	9

	Family_Economic_Status
	-0.075
	12
	15
	0.008
	35
	0.017
	26

	J_Stress_Family
	0.047
	18
	21
	0.011
	26
	0.018
	19

	Interpersonal_Family
	-0.027
	24
	26
	0.020
	12
	0.016
	32

	J_Stress_Academic
	0.036
	20
	22
	0.016
	18
	0.015
	38

	H_ERQ_Reappraisal
	0.033
	21
	20
	0.010
	27
	0.017
	20

	H_BPNS_Relatedness
	0.031
	22
	24
	0.009
	31
	0.017
	24

	H_BPNS_Competence
	0.039
	19
	23
	0.008
	32
	0.017
	21

	Family_Location
	-0.051
	16
	16
	0.006
	38
	0.020
	13

	SDQ_Prosocial
	0.025
	26
	27
	0.013
	21
	0.016
	34

	Boarding_Student
	-0.047
	17
	14
	0.004
	39
	0.018
	18

	H_Alexithymia
	0.004
	35
	29
	0.017
	17
	0.017
	22

	H_BPNS_Autonomy
	0.017
	28
	37
	0.008
	33
	0.020
	14

	H_Coping_Pos
	0.003
	37
	35
	0.013
	20
	0.015
	37

	H_Coping_Neg
	0.005
	33
	38
	0.013
	22
	0.017
	29

	H_ERQ_Suppression
	0.016
	29
	32
	0.009
	28
	0.016
	30

	SDQ_Conduct
	0.003
	38
	31
	0.012
	25
	0.015
	35

	Student_Origin
	-0.009
	30
	41
	0.002
	40
	0.017
	28

	H_Gratitude
	-0.001
	40
	33
	0.008
	34
	0.016
	31

	Interpersonal_Teacher
	-0.002
	39
	36
	0.014
	19
	0.015
	36

	J_CTQ_Neglect
	-0.064
	14
	17
	0.007
	37
	0.014
	40

	Mother_Education
	0.008
	32
	30
	0.009
	29
	0.014
	39

	Father_Education
	-0.005
	34
	39
	0.009
	30
	0.017
	23

	Family_Order
	0.024
	27
	28
	0.007
	36
	0.014
	41

	Single_Parent_Family
	0.003
	36
	40
	0.002
	41
	0.016
	33


Note. EN coef = elastic net standardized coefficient from the full-sample fitted model (school-level bootstrap 95% CI); EN SHAP rank = rank of the primary school-grouped out-of-school SHAP (interventional LinearExplainer, all 48,649 participants). RF = random forest (impurity-decrease importance) and XGB = XGBoost (gain importance), both training-set estimates. Ranks are descending by magnitude within each model. Features are sorted by mean rank across the three models. The five features in the top 10 of all three models were depressive symptoms (CES-DC), self-esteem (SES), anxiety (GAD-7), body weight, and internet gaming disorder (IGDS).
Supplementary Table S3. Discrimination and classification of the three models
	Model
	AUC
	Brier
	Sens@0.5
	Spec@0.5
	PPV@0.5
	NPV@0.5
	Sens/Spec@Youden

	Elastic net
	0.710
	0.207
	0.350
	0.859
	0.586
	0.700
	0.639/0.645 (θ=0.342)

	XGBoost
	0.744
	0.193
	0.431
	0.854
	0.626
	0.726
	0.703/0.656 (θ=0.331)

	Random forest
	0.743
	0.195
	0.378
	0.873
	0.628
	0.712
	0.710/0.642 (θ=0.348)


Note. Metrics computed by school-grouped five-fold cross-validation (out-of-school predictions). At the default 0.5 threshold, sensitivity is modest given the observed screening-positive rate of 36.2%; the Youden-optimal threshold (θ) yields more balanced sensitivity and specificity. These metrics describe discrimination of SCOFF screen-positive status and should not be interpreted as clinical screening performance.
Supplementary Table S4. Sensitivity to geographic clustering
	Cross-validation strategy
	Elastic net 5-fold AUC
	Δ vs. ordinary CV

	Ordinary stratified CV
	0.728
	—

	School-grouped CV (GroupKFold, 118 schools)
	0.710
	−0.018

	County-grouped CV (GroupKFold, 19 counties)
	0.687
	−0.041

	City-grouped CV (GroupKFold, 8 cities)
	0.678
	−0.050


Note. School membership was recovered by geocoding school names, yielding 118 schools across 19 counties and eight cities. School-grouped cross-validation (GroupKFold) reduced the cross-validated AUC from 0.728 (ordinary stratified) to 0.710; county- and city-level GroupKFold yielded 0.687 and 0.678, respectively. Geographic hold-out of the single largest county (55.7% of the sample) yielded an AUC of 0.702, and hold-out of the non-top-4 counties yielded 0.665. The school-grouped AUC (0.710) is therefore reported as the primary cross-validated estimate; reported AUCs and confidence intervals may still slightly overstate out-of-sample performance.
Supplementary Table S5. Pairwise proportion Z-tests for multicategory variables
	Pairwise comparison
	Rate 1
	Rate 2
	Z

	Stage: primary vs. senior
	25.2%
	43.9%
	30.9

	Stage: primary vs. junior
	25.2%
	35.6%
	18.7

	Sex: male vs. female
	32.5%
	40.0%
	16.9

	Stage: junior vs. senior
	35.6%
	43.9%
	16.5

	Family economic: medium vs. high
	34.6%
	41.4%
	12.4

	Family economic: low vs. high
	35.5%
	41.4%
	7.7

	Single-parent: yes vs. no
	40.1%
	35.9%
	4.4

	Family economic: low vs. medium
	35.5%
	34.6%
	1.3 (p = 0.179)


Note. All pairwise comparisons were significant after Bonferroni correction (corrected p < 0.001) except family economic low vs. medium (Z = 1.3, raw p = 0.179, corrected p = 1.000).
Supplementary Table S6. Sensitivity analyses: BMI, SCOFF threshold, variable reliability, depression subgroup, hyperparameters, CES-DC overlap, anthropometric predictors
(a) BMI and screen-positive status
	Model
	Term (OR [95% CI])
	Estimate

	BMI quadratic
	BMI-z linear: 1.33 [1.29, 1.37]
	peak ≈ +1.6 SD

	
	BMI-z squared: 0.91 [0.90, 0.92]
	

	Adjusted linear
	BMI-z: 1.10 [1.08, 1.12]; robust SE 1.10 [1.01, 1.19]
	—


Note. BMI-z standardized within sex × grade. Adjusted model includes sex, depressive symptoms, anxiety, and grade. The positive linear and negative quadratic terms indicate an inverted-U association, peaking approximately 1.6 SD above the sex- and grade-specific mean. As a parallel known-groups anchor, female sex distinguished screen-positive status (unadjusted OR = 1.38, 95% CI 1.33–1.43; adjusted for depressive and anxiety symptoms and grade, OR = 1.27, 95% CI 1.22–1.32). The 95% CIs in panel (a) are model-based (conventional) intervals; with school-clustered robust standard errors, the adjusted female odds ratio was 1.27 (95% CI 1.15–1.40) and the adjusted BMI-z linear odds ratio was 1.10 (95% CI 1.01–1.19), matching the main-text values.
(b) Elastic net performance under alternative SCOFF thresholds
	Threshold
	Positive rate
	CV AUC
	Top-5 features (β)

	SCOFF ≥ 1
	63.7%
	0.721
	CES-DC (0.340), Sex (0.203), SES (−0.174), GAD-7 (0.140), Weight (0.135)

	SCOFF ≥ 2 (primary)
	36.2%
	0.710
	SES (−0.258), CES-DC (0.200), Sex (0.180), Weight (0.131), GAD-7 (0.118)

	SCOFF ≥ 3
	16.5%
	0.691
	SES (−0.413), Grade (0.190), SDQ-peer (0.179), GAD-7 (0.160), Sleep (−0.151)


Note. SES and CES-DC remained among the top contributors at every threshold; the direction and ranking were broadly stable, supporting the robustness of the primary findings to the choice of cutoff. Re-defining the outcome as the continuous SCOFF yes-count (linear elastic net, test R² = 0.157) retained the same leading predictors (CES-DC 0.159, SES −0.128, GAD-7 0.074).
(c) Removing low-reliability variables (SDQ-peer α = 0.20, SDQ-conduct α = 0.35, negative coping α = 0.42)
	Specification
	CV AUC
	Top-3 features (|β|)

	All 41 features
	0.710
	SES (−0.258), CES-DC (0.200), Sex (0.180)

	38 features (low-α removed)
	0.712
	SES (−0.271), CES-DC (0.216), Sex (0.173)


Note. Removing the three low-reliability measures left the overall AUC and the leading feature set essentially unchanged, indicating that the main conclusions did not depend on their inclusion.
(d) Depression-severity subgroup re-analysis excluding the stratifying variable (CES-DC)
	Depression stratum
	N
	AUC (CES-DC included)
	AUC (CES-DC excluded)

	Normal (< 16)
	35,154
	0.688
	0.676

	Mild (16–24)
	7,075
	0.553
	0.551

	Severe (≥ 25)
	6,420
	0.602
	0.602


Note. Depression strata were defined by CES-DC cutoffs. Because CES-DC was both the stratifying variable and a leading predictor, the within-stratum models were re-fit with CES-DC excluded; the AUCs were essentially unchanged, indicating that the low discrimination within the mild-depression subgroup (AUC ≈ 0.553) was not an artifact of including the stratifying variable itself as a predictor within the strata.
(e) Elastic net hyperparameter sensitivity (C × l1_ratio)
	Specification
	5-fold school-grouped CV AUC
	Leading features

	15 combinations (C = 0.01–1.0; l1_ratio = 0.1–0.9)
	0.7102–0.7125
	SES, CES-DC, Sex, Weight, GAD-7 (top-5 in all 15)

	Mean |β| rank across combinations
	—
	SES 1.0, CES-DC 2.0, Sex 3.0, Weight 4.1, GAD-7 4.9


Note. The primary elastic net (C = 0.1, l1_ratio = 0.5) was prespecified. A post hoc grid over C = 0.01, 0.03, 0.1, 0.3, 1.0 and l1_ratio = 0.1, 0.5, 0.9 (15 combinations) left the 5-fold school-grouped cross-validated AUC (0.7102–0.7125) and the five leading features unchanged in every combination, confirming that the variable ranking is insensitive to the hyperparameter choice.
(f) CES-DC appetite-item content-overlap sensitivity
	CES-DC specification
	M1 AUC
	ΔAUC
	Double-selection LASSO adjusted OR (95% CI)

	Full 20-item
	0.709
	+0.126
	1.019 (1.015–1.024)

	19-item (appetite removed)
	0.708
	+0.125
	1.018 (1.013–1.022)


Note. The CES-DC appetite item (item 2, "did not feel like eating") overlaps in content with the SCOFF eating and weight items. Removing it left the incremental discrimination of depressive/anxiety symptoms essentially unchanged (ΔAUC +0.125 vs +0.126, relative to the sex + grade + BMI-z baseline) and the double-selection LASSO adjusted per-1-point odds ratio for depressive symptoms essentially unchanged (1.018 vs 1.019); depressive symptoms remained among the top three SHAP features.
(g) Sensitivity to deleting the missingness-prone anthropometric predictors (height and weight)
	Specification
	5-fold CV AUC
	Top-5 features (mean |β|)

	41 features (primary)
	0.710
	Self-esteem (SES), depressive symptoms (CES-DC), sex, body weight, anxiety (GAD-7)

	39 features (height and weight removed)
	0.713
	Self-esteem (SES), depressive symptoms (CES-DC), sex, anxiety (GAD-7), internet gaming disorder (IGDS)


Note. Deleting the two missingness-prone anthropometric predictors (height and weight, unobserved for 5,364 participants) did not reduce the school-grouped five-fold cross-validated AUC (0.713 vs 0.710) and left the three leading features (self-esteem, depressive symptoms, sex) unchanged; only body weight dropped from the top five (replaced by internet-gaming-disorder symptoms).
Supplementary Table S7. Elastic net SHAP feature contributions, nested-model incremental predictive value, and depression-subgroup screening-positive rates
(a) SHAP feature contributions (elastic net, school-grouped five-fold out-of-school; bootstrap B = 10,000)
	Rank
	Feature
	Mean |SHAP|
	Bootstrap 95% CI
	School-cluster bootstrap 95% CI

	1
	Self-esteem (SES)
	0.212
	0.211–0.214
	0.098–0.324

	2
	Sex
	0.182
	0.1816–0.1822
	0.104–0.259

	3
	Depressive symptoms (CES-DC)
	0.170
	0.169–0.172
	0.136–0.214

	4
	Body weight
	0.089
	0.089–0.090
	0.035–0.147

	5
	Sleep duration
	0.082
	0.082–0.083
	0.019–0.140

	6
	Anxiety (GAD-7)
	0.079
	0.078–0.079
	0.026–0.136

	7
	Grade
	0.078
	0.078–0.079
	0.034–0.294

	8
	Internet gaming disorder (IGDS)
	0.078
	0.078–0.079
	0.056–0.100

	9
	SDQ peer problems
	0.077
	0.076–0.077
	0.008–0.157

	10
	Ruminative thinking
	0.072
	0.072–0.073
	0.043–0.100

	11
	Frustration
	0.071
	0.071–0.072
	0.033–0.103

	12
	Non-suicidal self-injury (NSSI)
	0.071
	0.070–0.071
	0.050–0.087

	13
	SDQ hyperactivity
	0.060
	0.0597–0.0605
	0.026–0.097



(b) Nested-model incremental predictive value (school-grouped five-fold cross-validation)
	Model
	Features
	CV AUC
	Brier score
	ΔAUC (95% CI)

	Baseline
	Sex + grade + sex-by-grade-standardized BMI
	0.583
	0.229
	—

	+ Depressive/anxiety
	+ CES-DC + GAD-7
	0.709
	0.208
	+0.126 [+0.086, +0.150]

	Full model
	All 40 features (unpenalized logistic)
	0.713
	0.206
	+0.004 [−0.004, +0.014]



(c) Depression-severity subgroups (CES-DC cutoffs)
	Depression subgroup (CES-DC)
	N
	CV AUC
	Screen-positive rate

	Normal (< 16)
	35,154
	0.688
	27.9%

	Mild (16–24)
	7,075
	0.553
	53.0%

	Severe (≥ 25)
	6,420
	0.602
	62.9%



(d) SHAP feature ranking under the 8:2 stratified split
	Rank
	Feature
	Mean |SHAP|
	Bootstrap 95% CI

	1
	Self-esteem (SES)
	0.213
	0.205–0.221

	2
	Sex
	0.179
	0.178–0.181

	3
	Depressive symptoms (CES-DC)
	0.147
	0.140–0.153

	4
	Body weight
	0.100
	0.096–0.105

	5
	Internet gaming disorder (IGDS)
	0.087
	0.084–0.090

	6
	Anxiety (GAD-7)
	0.086
	0.083–0.090

	7
	Sleep duration
	0.083
	0.080–0.086

	8
	SDQ peer problems
	0.071
	0.068–0.074

	9
	Ruminative thinking
	0.070
	0.068–0.072

	10
	Non-suicidal self-injury (NSSI)
	0.068
	0.064–0.071

	11
	Frustration
	0.063
	0.060–0.065

	12
	SDQ hyperactivity
	0.056
	0.054–0.058


Note. Panel (d) reports the 12 features with the largest mean absolute SHAP value from the 8:2 stratified split (LinearExplainer, interventional perturbation; explanation sample n = 1,500; bootstrap B = 10,000 resamples of the SHAP values from the single fitted model). The three leading features — self-esteem, sex, and depressive symptoms — reproduced the primary out-of-school ranking (panel (a)) in the same order, whereas lower-ranked features reordered, reflecting the expected split-sensitivity of mid-rank SHAP values.
[bookmark: _GoBack]Note. Panel (a) reports the 13 features with the largest mean absolute SHAP value from the primary school-grouped five-fold out-of-school SHAP (interventional LinearExplainer; fold-internal median imputation and standardization; elastic net C = 0.1, l1_ratio = 0.5), holding out one school-grouped fold at a time across all 48,649 participants; 95% CIs were obtained from B = 10,000 bootstrap resamples of the out-of-school SHAP values and therefore reflect sampling variability in the SHAP estimates rather than model-fitting or imputation uncertainty. The three leading features — self-esteem, sex, and depressive symptoms — were identical under the out-of-school and the 8:2 stratified (panel (d)) splits, whereas lower-ranked features reordered. Across school-cluster bootstrap resamples, mid-tier ranks were less stable (e.g., grade, 95% rank interval 1–20), consistent with school-level dependence. Panel (b) reports nested logistic regression models compared under school-grouped five-fold cross-validation; ΔAUC is the increase in cross-validated AUC relative to the preceding (smaller) model. The same pattern of incremental discrimination held under XGBoost in the strictly nested sequence (BMI-z replacing raw height and weight; 40 features): baseline AUC 0.627, +depressive/anxiety 0.725 (ΔAUC +0.098), full 40-feature model 0.733 (ΔAUC +0.008); in reverse order, depressive/anxiety symptoms added last contributed only ΔAUC +0.010. This strictly nested 40-feature XGBoost is distinct from the primary 41-feature XGBoost (which retains raw height and weight; AUC 0.744, Supplementary Table S3). Reversing the entry order of the logistic models, the 35 remaining features added to the baseline reached a cross-validated AUC of 0.705 (ΔAUC +0.122), after which depressive and anxiety symptoms contributed only ΔAUC +0.008 (95% CI +0.005 to +0.011). 95% CIs for ΔAUC were obtained from B = 1000 school-cluster bootstrap resamples (resampling 118 schools with replacement and refitting the nested models). Panel (c) reports screening-positive rates and cross-validated AUCs within CES-DC-defined depression-severity subgroups (normal < 16, mild 16–24, severe ≥ 25). School-grouped five-fold cross-validated elastic net AUCs by educational stage (Figure S2) were 0.746 (primary), 0.708 (junior), and 0.658 (senior).
Supplementary Table S8. Sensitivity of height and weight to within-sex, within-grade standardization
	Metric
	Whole-sample standardization
	Sex × grade standardization

	Height, elastic net coefficient
	-0.027
	-0.018

	Height, mean |SHAP| (rank)
	0.020 (27th)
	0.018 (27th)

	Weight, elastic net coefficient
	0.131
	0.111

	Weight, mean |SHAP| (rank)
	0.089 (4th)
	0.076 (8th)


Note. In the primary model, height and weight were standardized across the whole sample; in this sensitivity analysis, they were standardized within sex × grade strata (group means and standard deviations computed on the training set). The remaining 39 features were standardized across the whole sample in both analyses. Body weight retained a top-eight SHAP rank and a substantial elastic net coefficient, whereas height’s coefficient remained near zero, confirming that height in particular proxies age and developmental stage. Coefficients are standardized (per-1-SD); SHAP values in the whole-sample column are from the primary school-grouped out-of-school SHAP (interventional LinearExplainer, all 48,649 participants), and the sex × grade column was recomputed on the same out-of-school basis with height and weight re-standardized within sex × grade strata.
Supplementary Table S9. Item-level point-biserial correlations of the five SCOFF items with distress and somatic measures
	SCOFF item
	Endorsed, %
	CES-DC (r)
	GAD-7 (r)
	Self-esteem (r)
	BMI (r)
	Weight (r)

	S — vomiting when uncomfortably full
	22.2
	0.210
	0.191
	−0.165
	0.005
	0.006

	C — loss of control over eating
	28.0
	0.266
	0.235
	−0.230
	0.054
	0.070

	O — >6 kg weight loss in 3 months
	15.9
	0.137
	0.135
	−0.126
	0.031
	0.054

	F — feeling fat when told thin
	38.8
	0.236
	0.199
	−0.215
	0.038
	0.052

	F — food dominates life
	20.2
	0.180
	0.170
	−0.158
	0.009
	0.025


Note. Point-biserial correlations between each binary (yes/no) SCOFF item and the continuous measure; N = 48,650 with no missing values on these variables. Higher self-esteem scores indicate higher self-esteem, so negative correlations indicate lower item endorsement with higher self-esteem. Point-biserial magnitudes are bounded by each item’s endorsement rate and are not directly comparable across items; within every item, however, all three distress correlations exceed both somatic correlations. BMI = weight (kg) / height (m)².
Supplementary Table S10. Reliability and item-level statistics for the five SCOFF items (n = 48,650).
	Item
	Endorsement (%)
	Corrected item–total r
	α if item deleted

	S – vomiting when uncomfortably full
	22.2
	0.315
	0.506

	C – loss of control over eating
	28.0
	0.391
	0.459

	O – >6 kg weight loss in 3 months
	15.9
	0.300
	0.516

	F – feeling fat when told thin
	38.8
	0.266
	0.542

	F – food dominates life
	20.2
	0.341
	0.492


	
	S
	C
	O
	F (fat)
	F (food)

	S
	1.00
	0.40
	0.41
	0.25
	0.37

	C
	0.40
	1.00
	0.36
	0.42
	0.45

	O
	0.41
	0.36
	1.00
	0.22
	0.43

	F (fat)
	0.25
	0.42
	0.22
	1.00
	0.27

	F (food)
	0.37
	0.45
	0.43
	0.27
	1.00


Note. KR-20 (Cronbach's α) = 0.56 (bootstrap 95% CI 0.55–0.57). Ordinal alpha (tetrachoric) = 0.74; categorical omega = 0.74. Corrected item–total correlations are point-biserial correlations between each item and the sum of the remaining four items; the tetrachoric inter-item correlations below correct for the binary response format.
Supplementary Table S11. Categorical confirmatory factor analysis and two-parameter normal-ogive item response theory for the five SCOFF items.
	Item
	Standardized loading
	Threshold
	Discrimination (a)
	Difficulty (b)

	S – vomiting when uncomfortably full
	0.583
	0.765
	0.718
	1.311

	C – loss of control over eating
	0.711
	0.584
	1.011
	0.821

	O – >6 kg weight loss in 3 months
	0.590
	1.000
	0.731
	1.694

	F – feeling fat when told thin
	0.479
	0.284
	0.546
	0.593

	F – food dominates life
	0.645
	0.833
	0.844
	1.292


Note. Unidimensional categorical CFA (WLSMV): scaled χ²(5) = 595.57, p < 0.001; CFI = 0.972; TLI = 0.944; RMSEA = 0.049 (90% CI 0.046–0.053); SRMR = 0.041. Standardized loadings and thresholds are from the CFA (Delta parameterization). Discrimination (a) and difficulty (b) are the equivalent two-parameter normal-ogive item response theory parameters derived from the CFA loadings and thresholds. Test information peaked at θ = 1.10 (maximum 1.91).
Supplementary Table S12. Measurement invariance of the SCOFF across sex and school stage.
	Group
	Step
	χ²
	df
	CFI
	RMSEA
	ΔCFI

	Sex
	Configural
	664.10
	10
	0.969
	0.052
	—

	Sex
	Thresholds
	1736.17
	15
	0.919
	0.069
	−0.050

	Sex
	Loadings
	1604.03
	20
	0.925
	0.057
	+0.007

	School stage
	Configural
	658.74
	15
	0.968
	0.051
	—

	School stage
	Thresholds
	2688.64
	25
	0.869
	0.081
	−0.100

	School stage
	Loadings
	3586.93
	35
	0.825
	0.079
	−0.044


Note. Multigroup categorical CFA (WLSMV), theta parameterization, following the Wu and Estabrook (2016) configural → threshold → loading sequence. ΔCFI ≤ −0.010 flags non-invariance (Chen, 2007); the significant scaled χ² difference at these sample sizes (sex n = 47,612; school-stage n = 48,539) was not used as the invariance criterion. Threshold invariance was not supported across sex (ΔCFI = −0.050) or school stage (ΔCFI = −0.100); loading invariance was supported across sex (ΔCFI = +0.007) but not across school stage (ΔCFI = −0.044). A sensitivity analysis excluding the 1,038 participants with missing or invalid sex and the 1,182 with school-type/grade mismatch (42 met both exclusion criteria; 2,178 unique participants excluded; n = 46,472) left every CFI and ΔCFI change ≤ 0.006 and the step pattern unchanged (thresholds showed the largest drop; the sex loading step recovered and the school-stage loading step did not).
Supplementary Table S13. Top 10 SHAP Interaction Values (XGBoost Model, TreeExplainer)
	Rank
	Feature 1
	Feature 2
	Mean |SHAP Interaction|

	1
	Height
	Weight
	0.0582

	2
	GAD7_Total
	CESDC_Total
	0.0389

	3
	Weight
	SES_Mean
	0.0335

	4
	Sex
	Height
	0.0323

	5
	Weight
	CESDC_Total
	0.0321

	6
	Sex
	Weight
	0.0269

	7
	CESDC_Total
	SES_Mean
	0.0248

	8
	Sex
	CESDC_Total
	0.0213

	9
	Height
	CESDC_Total
	0.0207

	10
	Height
	SES_Mean
	0.0195


Note. SHAP interaction values computed using TreeExplainer with XGBoost (200 trees, max_depth = 6, learning_rate = 0.1) on the test set (n = 9,730). Larger values indicate stronger non-additive joint contributions to model predictions.



Supplementary Table S14. SCOFF item endorsement rates by sex and school stage
	SCOFF item
	Overall
	Male
	Female
	Primary
	Junior
	Senior

	Sick (vomiting)
	22.2%
	21.3%
	23.3%
	17.6%
	21.4%
	26.3%

	Control (loss of control over eating)
	28.0%
	24.3%
	31.8%
	18.9%
	27.0%
	35.2%

	One stone (weight loss)
	15.9%
	17.2%
	14.4%
	11.3%
	15.6%
	19.2%

	Fat (feeling fat)
	38.8%
	33.2%
	44.8%
	29.8%
	38.6%
	44.8%

	Food (food dominating life)
	20.2%
	19.8%
	20.7%
	14.0%
	18.4%
	26.8%


Note. Proportions are the fraction of non-missing respondents endorsing each item ("yes"), reported descriptively. The largest sex differences in raw endorsement were for the "Fat" item (44.8% female vs 33.2% male) and the "Control" item (31.8% vs 24.3%), whereas the "One stone" item was endorsed somewhat more often by males (17.2% vs 14.4%). Raw endorsement increased monotonically across school stage for the "Control" (18.9% → 35.2%), "Fat" (29.8% → 44.8%), and "Food" (14.0% → 26.8%) items. These raw group differences are descriptive; whether they reflect differential item functioning after conditioning on the observed rest score is tested formally in Supplementary Table S16.
Supplementary Table S15. School-cluster robust inference for the categorical correlates in Table 1
	Variable
	Level (vs. reference)
	Robust OR (95% CI)
	Robust p

	Sex
	Female (vs. male)
	1.378 (1.241–1.529)
	< 0.001

	School stage
	Junior (vs. primary)
	1.644 (1.253–2.156)
	0.0003

	School stage
	Senior (vs. primary)
	2.330 (1.339–4.055)
	0.0028

	School stage
	Joint test (2 df)
	χ² = 16.64
	0.0002

	Single-parent family
	Yes (vs. no)
	1.191 (1.099–1.290)
	< 0.001

	Family economic status
	Medium (vs. low)
	0.968 (0.850–1.102)
	0.63

	Family economic status
	High (vs. low)
	1.285 (1.021–1.616)
	0.032

	Family economic status
	Joint test (2 df)
	χ² = 20.47
	< 0.001


Note. Single-variable logistic models with school-clustered robust (sandwich) standard errors, restricted to the 48,649 participants with recovered school membership and non-missing values on the modeled variable. Relative to the ordinary likelihood-ratio statistics in Table 1 (school stage χ² = 966.9; family economic status χ² = 156.1; single-parent family χ² = 19.5), accounting for within-school clustering attenuated these to robust joint Wald χ² = 16.64 (p = 0.0002) and 20.47 (p < 0.001), respectively, but the sex, school-stage, high-family-economic-status, and single-parent-family associations remained statistically significant.
Supplementary Table S16. Differential item functioning of the SCOFF across sex and school stage (logistic regression, rest-score matching)
(a) Sex (reference: male)
	SCOFF item
	Uniform DIF χ² (1 df)
	p
	Non-uniform χ² (1 df)
	p
	OR (female vs. male, 95% CI)

	Sick (vomiting)
	0.10
	0.746
	3.07
	0.080
	1.008 (0.963–1.054)

	Control (loss of control over eating)
	224.96
	< 0.001
	9.83
	0.002
	1.391 (1.332–1.453)

	One stone (weight loss)
	229.58
	< 0.001
	4.52
	0.033
	0.671 (0.637–0.706)

	Fat (feeling fat)
	628.35
	< 0.001
	10.54
	0.001
	1.625 (1.564–1.688)

	Food (food dominating life)
	10.04
	0.002
	3.86
	0.049
	0.926 (0.884–0.971)


(b) School stage (reference: primary)
	SCOFF item
	Uniform DIF χ² (2 df)
	p
	Non-uniform χ² (2 df)
	p
	OR (junior vs. primary, 95% CI)
	OR (senior vs. primary, 95% CI)

	Sick (vomiting)
	28.05
	< 0.001
	10.28
	0.006
	1.082 (1.016–1.151)
	1.185 (1.110–1.264)

	Control (loss of control over eating)
	313.07
	< 0.001
	17.66
	< 0.001
	1.382 (1.300–1.469)
	1.749 (1.642–1.863)

	One stone (weight loss)
	48.81
	< 0.001
	129.86
	< 0.001
	1.231 (1.143–1.325)
	1.304 (1.208–1.407)

	Fat (feeling fat)
	271.58
	< 0.001
	15.52
	< 0.001
	1.359 (1.291–1.431)
	1.570 (1.487–1.657)

	Food (food dominating life)
	265.93
	< 0.001
	75.63
	< 0.001
	1.164 (1.087–1.246)
	1.649 (1.539–1.767)


Note. Logistic-regression DIF [66], the observed-score analogue of threshold-level (MIMIC/IRT) DIF, with the rest score (sum of the other four SCOFF items, 0-4) as the observed matching variable. Model 0: item → rest score; Model 1 adds group main effects (uniform/threshold DIF); Model 2 adds group × rest-score interactions (non-uniform/slope DIF). Uniform and non-uniform tests are likelihood-ratio tests of Model 1 vs. Model 0 and Model 2 vs. Model 1, respectively. The uniform-DIF odds ratio is the odds of endorsing the item for the focal group relative to the reference group (sex: female vs. male; stage: junior/senior vs. primary) at equal rest score. Sex DIF used the 47,612 participants with observed sex; school-stage DIF used the 48,539 participants with observed grade. After conditioning on the rest score, all five items showed significant school-stage DIF, and significant sex DIF was observed for the "Fat", "One stone", "Control", and "Food" items (females endorsed "Fat" and "Control" more often and "One stone" and "Food" less often at equal rest score), whereas "Sick" showed no sex DIF. A sensitivity analysis excluding the 1,038 participants with missing or invalid sex and the 1,182 with school-type/grade mismatch (42 met both exclusion criteria; 2,178 unique participants excluded; n = 46,472) left every one of the ten uniform-DIF significance verdicts unchanged.
Supplementary Table S17. DIF-aware sensitivity of the nested-model incremental discrimination within sex and school-stage strata
	Stratum
	n
	Schools
	M0 AUC
	M1 AUC
	M2 AUC
	ΔAUC (M1 − M0)
	ΔAUC (M2 − M1)

	Male
	23,940
	118
	0.552
	0.685
	0.689
	+0.133
	+0.005

	Female
	23,671
	118
	0.596
	0.721
	0.729
	+0.126
	+0.008

	Primary school
	10,305
	84
	0.540
	0.753
	0.743
	+0.213
	−0.010

	Junior high school
	22,010
	40
	0.571
	0.702
	0.706
	+0.130
	+0.004

	Senior high school
	16,223
	29
	0.582
	0.669
	0.656
	+0.087
	−0.013


Note. Because the SCOFF items showed threshold non-invariance across sex (ΔCFI = −0.050) and school stage (ΔCFI = −0.100; Supplementary Table S12), the strictly nested sequence was re-run within each sex and school-stage stratum. M0 = sex + grade + sex-by-grade-standardized BMI-z (3 features); M1 = M0 + depressive and anxiety symptoms (5 features); M2 = M1 + 35 remaining features (40 features). All models are unpenalized logistic regression under school-grouped five-fold cross-validation with fold-internal median imputation, composite derivation, and standardization, identical to the primary nested analysis (Supplementary Table S7). Within a sex stratum, sex is constant, so M0 reduces to grade + BMI-z. Sex strata excluded the 1,038 participants with missing or invalid sex (male n = 23,940; female n = 23,671), matching the sex subgroup analysis in Figure S2 and the complete-case sensitivity in Supplementary Table S16. Stage strata total 48,538 participants because 111 participants had missing grade (excluded from the stage-stratified analysis but retained in the sex-stratified and pooled analyses). Reported AUCs are point estimates (mean of five school-grouped folds) without bootstrap confidence intervals. In every stratum, depressive and anxiety symptoms contributed a substantial increment (ΔAUC +0.087 to +0.213), whereas the 35 remaining features contributed little or nothing (ΔAUC −0.013 to +0.008), matching the pooled pattern.
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12.3

2,046

34.2

Boarding

Student

Yes

29,129

59.9

11,371

39.0

No

19,521

40.1

6,226

31.9

Total

48,650

100.0

17,597

36.2

Note.

Screen-positive

=

SCOFF

score

>=

2.

***

p

<

0.001.

Post-hoc:

Different

letters

indicate

significant

differences

after

Bonferroni

correction

(p

<

0.05).

Sex

was

tabulated

using

observed

values;

the

1,038

participants

(2.1%)

with

missing

or

invalid

sex

were

retained

as

a

separate

category

and

excluded

from

the

?²

and

post-hoc

comparisons.

Table

2.

Univariate

Associations,

Elastic

Net

Coefficients,

and

Double-Selection

LASSO

Results

Variable

r(SCOFF)

r_p

r

Dir.

EN

beta

95%

CI

p_boot

EN

Dir.

LASSO

Adj.

Unadjust

ed

Type

Academic

Stress

0.211

0.0000

RISK

0.0363**

[0.0088,

0.0656]

0.0060

Risk

(+)

0.0366

—

Covariate

Alexithymia

0.191
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BPNS

Competence

-0.083

0.0000

PROTECTIVE

0.0392**

[0.0082,

0.0706]

0.0060

Risk

(+)

0.0402

—

Covariate
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(Urban)
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0.0238]
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—
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0.0760***
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Risk
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—
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0.1182***
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Risk
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