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Table S1. Demographic characteristics, vital sign measurements, and laboratory variables with the percentage of missing data.
	Variables
	NHANES Cohort
	Percentage of missing data, %

	MASLD
	13436
	0.0

	Demographic data
	
	

	Age, year
	13436
	0.0

	Male, n(%)
	13436
	0.0

	Mexican American, n(%)
	13436
	0.0

	BMI, kg/m2
	13309
	0.9

	Smoker, n(%)
	13433
	0.0

	Alcohol user, n(%)
	10186
	24.2

	High school, n(%)
	12772
	4.9

	Married, n(%)
	12778
	4.9

	Vital signs
	
	

	SBP, mmHg
	12469
	7.2

	DBP, mmHg
	12458
	7.3

	Comorbidity
	
	

	Chronic kidney disease, n(%)
	12598
	6.2

	Cardiovascular disease n(%)
	12789
	4.8

	Metabolic syndrome, n(%)
	13436
	0.0

	Asthma, n(%)
	13436
	0.0

	COPD, n(%)
	4869
	63.8

	Hyperlipidemia, n(%)
	13433
	0.0

	Hypertension, n(%)
	13425
	0.1

	Diabetes, n(%)
	13436
	0.0

	Obesity, n(%)
	13436
	0.0

	Hyperlipidemia, n(%)
	13309
	0.9

	Viral hepatitis, n(%)
	12566
	6.5

	Laboratory data
	
	

	eGFR, mL/min/1.73m2
	12567
	6.5

	Hemoglobin, g/L
	12910
	3.9

	Platelet, ×109/L
	12910
	3.9

	Albumin, g/L
	12569
	6.5

	Triglycerides, mmol/L
	12563
	6.5

	Urea nitrogen, mmol/L
	12563
	6.5

	Cholesterol, mmol/L
	12567
	6.5

	Creatinine, umol/L
	12567
	6.5

	ALP, g/L
	12564
	6.5

	AST, g/L
	12516
	6.8

	ALT, g/L
	12564
	6.5

	Calcium, mmol/L
	12563
	6.5

	Phosphorus, mmol/L
	12563
	6.5

	Iron, umol/L
	12564
	6.5

	Glucose, mmol/L
	12563
	6.5

	LDH, U/L
	12287
	8.6

	Total bilirubin, mmol/L
	12565
	6.5

	Uric acid, umol/L
	12563
	6.5

	Sodium, mmol/L
	12569
	6.5

	Potassium, mmol/L
	12559
	6.5

	Insulin, pmol/L
	6157
	54.2

	LDL-c, mmol/L
	6128
	54.4

	C-reactive protein, g/L
	12548
	6.6

	HDL-c, mmol/L
	12629
	6.0

	Ferritin, ug/L
	12718
	5.3

	Body composition
	
	

	Waist-height ratio, %
	12895
	4.0

	Arm circumference, mm
	13035
	3.0

	Body fat percentage, %
	13309
	0.9

	Medication
	
	

	Lowering-lipid agents, n(%)
	13417
	0.1

	Antihypertensive agents, n(%)
	13417
	0.1

	Anti-diabetic agents, n(%)
	13417
	0.1


MASLD, Metabolic Dysfunction-Associated Steatotic Liver Disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate aminotransferase; LDH, lactic dehydrogenase; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol. 





















Table S2. Comparison of demographic and clinical characteristics among train, internal validation, and external validation cohorts.
	Variables
	Train cohort
	Internal validation
	External validation

	MASLD
	3237 (34.4)
	925 (34.4)
	462 (34.4)

	Demographic data
	
	
	

	Age, year
	50.0 [33.00, 64.0]
	51.0 [34.0, 64.0]
	50.0 [33.0, 65.0]

	Male, n(%)
	4745 (50.5)
	1338 (49.8)
	689 (51.3)

	Mexican American, n(%)
	1206 (12.8)
	368 (13.7)
	141 (10.5)

	BMI, kg/m2
	28.4 [24.5, 33.4]
	28.6 [24.6, 33.6]
	28.5 [24.6, 33.8]

	Smoker, n(%)
	1690 (18.0)
	456 (17.0)
	235 (17.5)

	Alcohol user, n(%)
	8339 (88.7)
	2372 (88.2)
	1203 (89.6)

	High school, n(%)
	7638 (81.2)
	2210 (82.2)
	1124 (83.7)

	Married, n(%)
	1718 (18.3)
	486 (18.1)
	230 (17.1)

	Vital signs
	
	
	

	SBP, mmHg
	122.00 [111.0, 135.0]
	122.0 [111.0, 135.0]
	121.67 [110.3, 136.7]

	DBP, mmHg
	73.00 [66.0, 81.0]
	73.3 [66.0, 81.0]
	73.00 [66.0, 81.0]

	Comorbidity
	
	
	

	Chronic kidney disease, n(%)
	1678 (17.8)
	504 (18.8)
	267 (19.9)

	Cardiovascular disease, n(%)
	1009 (10.7)
	274 (10.2)
	149 (11.1)

	Metabolic syndrome, n(%)
	2915 (31.0)
	853 (31.7)
	416 (31.0)

	Asthma, n(%)
	1474 (15.7)
	423 (15.7)
	197 (14.7)

	Hyperlipidemia, n(%)
	6124 (65.1)
	1741 (64.8)
	873 (65.0)

	Hypertension, n(%)
	3773 (40.1)
	1033 (38.4)
	509 (37.9)

	Diabetes, n(%)
	1869 (19.9)
	522 (19.4)
	268 (20.0)

	Obesity, n(%)
	3854 (41.0)
	1118 (41.6)
	563 (41.9)

	Laboratory data
	
	
	

	eGFR, mL/min/1.73m2
	96.9 [80.0, 112.4]
	96.1 [79.8, 110.9]
	96.1 [77.4, 112.8]

	Hemoglobin, g/L
	14.1 [13.1, 15.1]
	14.1 [13.1, 15.1]
	14.0 [13.0, 15.0]

	Platelet, ×109/L
	238.0 [202.0, 282.0]
	239.0 [202.0, 282.0]
	239.0 [200.0, 279.0]

	Albumin, g/L
	4.1 [3.9, 4.3]
	4.1 [3.9, 4.3]
	4.1 [3.9, 4.3]

	Triglycerides, mmol/L
	1.26 [0.88, 1.85]
	1.28 [0.88, 1.84]
	1.25 [0.88, 1.82]

	Urea nitrogen, mmol/L
	5.0 [3.9, 6.1]
	5.0 [3.9, 6.1]
	5.0 [3.9, 6.1]

	Cholesterol, mmol/L
	4.71 [4.09, 5.40]
	4.68 [4.06, 5.40]
	4.66 [4.03, 5.43]

	Creatinine, umol/L
	74.26 [62.76, 88.40]
	75.14 [63.65, 89.28]
	75.14 [63.65, 89.28]

	ALP, g/L
	75.0 [62.0, 91.0]
	74.0 [63.0, 90.0]
	73.0 [61.0, 90.0]

	AST, g/L
	19.0 [16.0, 24.0]
	19.0 [16.0, 24.0]
	19.0 [16.0, 23.0]

	ALT, g/L
	18.0 [13.0, 25.0]
	18.0 [13.0, 26.0]
	17.0 [13.0, 25.0]

	Calcium, mmol/L
	2.33 [2.25, 2.38]
	2.33 [2.25, 2.38]
	2.30 [2.25, 2.38]

	Phosphorus, mmol/L
	1.16 [1.03, 1.26]
	1.16 [1.03, 1.26]
	1.13 [1.03, 1.26]

	Iron, umol/L
	14.9 [11.1, 19.0]
	14.7 [11.3, 19.2]
	14.9 [11.1, 19.2]

	Glucose, mmol/L
	5.16 [4.83, 5.66]
	5.16 [4.83, 5.72]
	5.16 [4.83, 5.66]

	LDH, U/L
	154.0 [137.0, 174.0]
	153.0 [136.0, 174.0]
	153.0 [135.0, 174.0]

	Total bilirubin, mmol/L
	6.84 [5.13, 10.26]
	6.84 [5.13, 10.26]
	6.84 [5.13, 8.55]

	Uric acid, umol/L
	315.2 [261.7, 374.7]
	315.2 [261.7, 374.7]
	315.2 [261.7, 374.7]

	Sodium, mmol/L
	141.0 [139.0, 142.0]
	141.0 [139.0, 142.0]
	141.0 [139.0, 142.0]

	Potassium, mmol/L
	4.10 [3.90, 4.30]
	4.10 [3.90, 4.30]
	4.10 [3.90, 4.30]

	Insulin, pmol/L
	59.04 [37.02, 97.26]
	61.20 [37.56, 98.72]
	58.80 [36.96, 99.39]

	LDL-c, mmol/L
	2.74 [2.20, 3.34]
	2.74 [2.20, 3.34]
	2.71 [2.15, 3.34]

	C-reactive protein, g/L
	1.86 [0.82, 4.31]
	1.88 [0.85, 4.35]
	1.84 [0.84, 4.34]

	HDL-c, mmol/L
	1.32 [1.09, 1.58]
	1.32 [1.09, 1.58]
	1.32 [1.09, 1.58]

	Ferritin, ug/L
	109.0 [51.9, 200.0]
	105.0 [51.0, 194.0]
	100.0 [48.9, 190.0]

	Body composition
	
	
	

	Waist-height ratio, %
	0.94 [0.88, 0.99]
	0.94 [0.88, 0.99]
	0.94 [0.88, 0.99]

	Arm circumference, mm
	33.0 [29.7, 36.7]
	33.0 [29.8, 36.9]
	33.1 [29.6, 36.8]

	Body fat percentage, %
	35.36 [28.23, 43.21]
	35.49 [28.19, 43.40]
	35.62 [28.20, 43.53]

	Medication
	
	
	

	Lowering-lipid agents, n(%)
	2036 (21.6)
	593 (22.1)
	297 (22.1)

	Antihypertensive agents, n(%)
	3080 (32.7)
	880 (32.7)
	435 (32.4)

	Anti-diabetic agents, n(%)
	1269 (13.5)
	370 (13.8)
	189 (14.1)


Continuous values were presented as median [interquartile range]. Categorical values were presented as number (percentage).
P<0.05 was significant. 
MASLD, Metabolic Dysfunction-Associated Steatotic Liver Disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate aminotransferase; LDH, lactic dehydrogenase; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol.





















Table S3. The optimized parameters in the machine learning models.
	Machine learning models
	Hyperparameters

	Random Forest
	mtry=23
ntree=480

	eXtreme gradient boosting
	eta = 0.1
max_depth = 5 
subsample = 0.5
gamma=0.1
colsample_bytree=1
min_child_weight=1
subsample=0.5
nrounds=1000

	Supported Vector Machine
	cost=10
gamma=0.01

	Decision Tree
	minsplit = 50
cp = 0.001

	K Nearest Neighbor
	k=3


mtry: number of randomly selected predictors; ntree: number of boosting iterations; max_depth: maximum tree depth; colsample_bytree: subsample ratio of columns; min_child_weight: minimum sum of instance weight; subsample: subsample percentage.























Table S4. Performance of the machine learning models for MASLD prediction.
	Models
	AUC (95%CI)
	Sensitivity
	Specificity
	PPV
	NPV
	Accuracy
	F1 score
	Precision
	Recall

	Internal Validation Cohorts

	RF
	0.928(0.918-0.937)
	0.772(0.743-0.798)
	0.892(0.876-0.906)
	0.789(0.761-0.815)
	0.882(0.866-0.896)
	0.850(0.836-0.864)
	0.780(0.752-0.806)
	0.789(0.761-0.815)
	0.772(0.743-0.798)

	XGBoost
	0.911(0.900-0.923)
	0.770(0.741-0.796)
	0.886(0.869-0.900)
	0.779(0.750-0.805)
	0.880(0.864-0.895)
	0.846(0.831- 0.859)
	0.774(0.745-0.800)
	0.779(0.750-0.805)
	0.770(0.741-0.796)

	LR
	0.774(0.757-0.792)
	0.836(0.810-0.859)
	0.568(0.544-0.591)
	0.504(0.478-0.529)
	0.868(0.847-0.887)
	0.660 (0.642-0.678)
	0.629(0.601-0.655)
	0.504(0.478-0.529)
	0.836(0.810-0.859)

	SVM
	0.820(0.804-0.836)
	0.800(0.772-0.825)
	0.703(0.681-0.724)
	0.586(0.558-0.613)
	0.870(0.851-0.887)
	0.737 (0.720-0.753)
	0.676(0.648-0.703)
	0.586(0.558-0.613)
	0.800(0.772-0.825)

	KNN
	0.770(0.753-0.788)
	0.842(0.817-0.865)
	0.610(0.586-0.633)
	0.531(0.505-0.557)
	0.880(0.861-0.898)
	0.690(0.672-0.707)
	0.651(0.624-0.678)
	0.531(0.505-0.557)
	0.842(0.817-0.865)

	DT
	0.749(0.730-0.768)
	0.562(0.529-0.594)
	0.795(0.775-0.814)
	0.590(0.557-0.623)
	0.776(0.756-0.795)
	0.715(0.698-0.732)
	0.576(0.543-0.608)
	0.590(0.557-0.623)
	0.562(0.529-0.594)

	External Validation Cohorts

	RF
	0.923(0.909-0.937)
	0.779(0.738-0.816)
	0.866(0.841-0.887)
	0.753(0.711-0.791)
	0.882(0.858-0.902)
	0.836(0.815-0.856)
	0.766(0.724-0.803)
	0.753(0.711-0.791)
	0.779(0.738-0.816)

	XGBoost
	0.909(0.893-0.926)
	0.781(0.740-0.818)
	0.871(0.846-0.892)
	0.760(0.719-0.797)
	0.884(0.860-0.904)
	0.840(0.819-0.859)
	0.771(0.729-0.807)
	0.760(0.719-0.797)
	0.781(0.740-0.818)

	LR
	0.760(0.735-0.786)
	0.825(0.786-0.858)
	0.570(0.536-0.603)
	0.501(0.465-0.537)
	0.861(0.830-0.888)
	0.658(0.631-0.683)
	0.624(0.584-0.661)
	0.501(0.465-0.537)
	0.825(0.786-0.858)

	SVM
	0.813(0.790-0.835)
	0.800(0.772-0.825)
	0.703(0.681-0.724)
	0.586(0.558-0.613)
	0.870(0.851-0.887)
	0.737(0.720- 0.753)
	0.676(0.648-0.703)
	0.586(0.558-0.613)
	0.800(0.772-0.825)

	KNN
	0.748(0.721-0.775)
	0.548(0.501-0.584)
	0.815(0.787-0.840)
	0.608(0.559-0.655)
	0.775(0.746-0.810)
	0.723(0.698-0.747)
	0.576(0.528-0.617)
	0.608(0.559-0.655)
	0.548(0.501-0.584)

	DT
	0.748(0.721-0.775)
	0.574(0.530-0.619)
	0.796(0.767-0.822)
	0.596(0.548-0.641)
	0.781(0.752-0.807)
	0.719(0.694-0.743)
	0.584(0.539-0.630)
	0.596(0.548-0.641)
	0.574(0.530-0.619)


MASLD, Metabolic Dysfunction-Associated Steatotic Liver Disease; RF, random forest; XGBoost, eXtreme gradient boosting; LR, logistic regression; SVM, supported vector machine; KNN, K Nearest Neighbor; DT, Decision Tree; AUC, area under the receiver operating characteristic curve; CI: confidence interval; PPV, positive predictive value; NPV, negative predictive value.





[image: ]Figure S1. Heat map of Spearman’s correlation analyses among variables. Variables of participants from NHANES cohort were included in Spearman’s correlation analyses. Variables in Supplemental Table S1 (except variables with a missing percentage exceeding 25%) were chosen for the Spearman’s correlation analyses, and the correlation coefficient values were displayed as a heat map.
PIR, poverty income ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; BFP, body fat percentage; CCI, Charlson comorbidity index; eGFR, estimated glomerular filtration rate; TSF, triceps skinfold thickness; AMC, arm circumference; HDLCOL, high-density lipoprotein cholesterol; LDLCHOL, low-density lipoprotein cholesterol; UA, uric acid; TBIL, total bilirubin; LDH, lactic dehydrogenase; ALT, alanine transaminase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; CHOL, cholesterol; BUN, urea nitrogen.
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Figure S2. Predictive performance of random forest models with different number of features. The recursive feature elimination method was applied to compare the accuracy of random forest models with different number of features.
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Figure S3. Calibration curve of the final model in both internal (A) and external validation (B) cohorts. 
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Figure S4. Decision curve of the final model in both internal (A) and external validation (B) cohorts.
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Figure S5. Predictive performance of the final model in external validation cohorts. AUC curve (A) and P-R curve (B) of the final model in the external validation cohorts. 
AUC, area under receiver-operating-characteristic; P-R, Precision-recall.
image3.tiff
Observed Probabilty

1.0

0.8

06

04

0.2

0.0

T
04 06

Predicted Probability

08

Observed Probability

1.0

0.8

0.6

0.4

0.2

0.0

0.0

02

T T
04 06

Predicted Probability




image4.tiff
Net Benefit

08

02

00

Model Type
—a
— none

—

000 025 050 075
Threshold Probility

Net Benefit

Model Type
—a
— none

—

050 075
Threshold Probility





image5.tiff
True positive rate (sensitivity)

10

0.8

06

0.4

02

0.0

— aucsusie

0.0

T
02

T T
04 06

False positive rate (1-specificity)

T
08

T
10

Precision-Recall Curve (10 features)

100+

075+

025+ N
PR-AUC: 0.863
000+
000 025 050 075 100
Recall





image1.tiff
Age
PR

BMI

sBP

BE

BFP

cal

€GFR
Feritin
TSF

AMC
HDLCHOL
CRP
LDLCHOL
Insulin
Potassium
Sodium
uA

TBIL

LDH
Glucose
Iron
Phosphorus
Calcium
ALT

AST

ALP
Creatinine
CHoL
BUN
Triglycerides
Albumin
Platelet

Hemoglobin

076

092

038

046

0s2

on

032

033

082

040

032|040

saf 100 @
@ - @ @
@0 @

° () D
v oor| w012 10
ose 05| 083050 100 ®
o -
o]0 o -
o o] om| |ow °
-
o
I
.
L] 02

or

)

074 0.1 100

0.8

06

04

0.2




image2.tiff
0.84 —

0.82

T T
o ©
« ~
=} o

(uonepllep-ssoi)) Aoeinooy

0.76 —

0.74 —

50

40

30

20

10

Variables





Supplementary Material     1.   Table S1.  Demographic characteristics, vital sign measurements, and  laboratory variables with the percentage of missing data.   2.   Table S2.  Comparison of demographic and clinical characteristics among  train,  internal validation, and external validation cohorts.   3.   Table S3.  The optimized parameters in the machine learning models.   4.   Table S4.  Performance of the ML models for MASLD prediction.   5.   Fig ure   S 1 .   Heat map of Spearman’s correlation analyses among   variables .   6.   Figure S 2 . Predictive performance of random forest models with different  number of features.   7.   Figure S 3 . Calibration curve of the final model in both internal and external  validation cohorts.   8.   Figure S 4 . Decision curve of the final model in both internal and external  validation cohorts.   9.   Figure S 5 .  Predictive performance of the final model in external validation  cohorts.                                                        

