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Supplementary Figure 1. The blue circles or blue curves in the graph represent the original data and the density distribution curve of the original data, respectively. The red circles or red curves represent the imputed data and the density distribution curve of the imputed data, respectively.All of the above are based on the original dataset, with missing data imputed using MICE (Multiple Imputation by Chained Equations) based on predictive mean matching.
AGR: Albumin/Globulin Ratio; Alb: Albumin; ALT: Alanine Aminotransferase; Cr: Creatinine; FBS: Fasting Blood Sugar; FT4: Free Thyroxine; HGB: Hemoglobin; HDLc: High-Density Lipoprotein Cholesterol; RBC: Red Blood Cells; TG: Triglycerides; TGAB: Thyroglobulin Antibodies; UI: Urine Iodine; UA: Uric Acid.
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Supplementary Figure 2. Feature variable selection using Boruta method.
Different color box plots represent different results of Boruta feature selection: green indicates that the variable was accepted as a feature, yellow suggests the variable is leaning towards acceptance, and red indicates that the variable was rejected. Blue box plots represent shadow variables.
AGR: Albumin/Globulin Ratio; Alb: Albumin; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; BASO: Basophils; BMI: Body Mass Index; BUN: Blood Urea Nitrogen; Cr: Creatinine; Dbil: Direct Bilirubin; EOS: Eosinophils; eGFR: Estimated Glomerular Filtration Rate; FBS: Fasting Blood Sugar; FT3: Free Triiodothyronine; FT4: Free Thyroxine; Glb: Globulin; HCT: Hematocrit; HGB: Hemoglobin; HDLc: High-Density Lipoprotein Cholesterol; LDLc: Low-Density Lipoprotein Cholesterol; LYM: Lymphocytes; MCH: Mean Corpuscular Hemoglobin; MCHC: Mean Corpuscular Hemoglobin Concentration; MCV: Mean Corpuscular Volume; MONO: Monocytes; MPV: Mean Platelet Volume; NEU: Neutrophils; PDW: Platelet Distribution Width; PCT: Procalcitonin; PLT: Platelets; RBC: Red Blood Cells; TBA: Total Bile Acid; TC: Total Cholesterol; TG: Triglycerides; TGAB: Thyroglobulin Antibodies; Tbil: Total Bilirubin; TP: Total Protein; TPO: Thyroid Peroxidase; TSH: Thyroid-Stimulating Hormone; UA: Uric Acid; UG: Urine Glucose; UI: Urine Iodine; UK: Urine Ketones; ULE: Urine Leukocyte Esterase; UN: Urine Nitrite; UOB: Urine Occult Blood; UP: Urine Protein; WBC: White Blood Cells.
Supplementary Tables


Supplementary Table 1. Feature Variable Selection Table.
AGR: Albumin/Globulin Ratio; Alb: Albumin; AG: Anion Gap; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; BASO: Basophils; BMI: Body Mass Index; BUN: Blood Urea Nitrogen; Ca: Calcium; Cl: Chloride; CO2CP: Carbon Dioxide Content/Partial Pressure; Cr: Creatinine; Dbil: Direct Bilirubin; EOS: Eosinophils; eGFR: Estimated Glomerular Filtration Rate; FBS: Fasting Blood Sugar; FT3: Free Triiodothyronine; FT4: Free Thyroxine; Glb: Globulin; HCT: Hematocrit; HGB: Hemoglobin; HDLc: High-Density Lipoprotein Cholesterol; K: Potassium; LDLc: Low-Density Lipoprotein Cholesterol; LYM: Lymphocytes; MCH: Mean Corpuscular Hemoglobin; MCHC: Mean Corpuscular Hemoglobin Concentration; MCV: Mean Corpuscular Volume; Mg: Magnesium; MONO: Monocytes; MPV: Mean Platelet Volume; Na: Sodium; NEU: Neutrophils; P: Phosphorus; PDW: Platelet Distribution Width; PCT: Procalcitonin; PLT: Platelets; RBC: Red Blood Cells; TBA: Total Bile Acid; TC: Total Cholesterol; TG: Triglycerides; TGAB: Thyroglobulin Antibodies; Tbil: Total Bilirubin; TP: Total Protein; TPO: Thyroid Peroxidase; TSH: Thyroid-Stimulating Hormone; UA: Uric Acid; UG: Urine Glucose; UI: Urine Iodine; UK: Urine Ketones; ULE: Urine Leukocyte Esterase; UN: Urine Nitrite; UOB: Urine Occult Blood; UP: Urine Protein; USG: Urine Specific Gravity; WBC: White Blood Cells.







Supplementary Table 2. Table for Hyperparameter Selection of All Models.
The table describes various machine learning models that have undergone Bayesian optimization, with each parameter combination subjected to 10-fold cross-validation. Based on the results of the cross-validation, the table displays the set of hyperparameters that achieved the best performance, using the minimum logarithmic loss as the benchmark for this study. 
Data preprocessing and model construction were performed using R language (version 4.1.3), Python (version 3.9.7), and TensorFlow (version 2.5.0). The model training process took place on a computer equipped with an NVIDIA RTX 4090 GPU, 64 GB of RAM, and an 11th Gen Intel(R) Core(TM) i5-11400 @ 2.60GHz CPU. The operating system used was Windows 10 Professional 64-bit (Version 21H1 / DirectX 12).


Supplementary Table 3. External Validation Data Baseline Table.
AGR: Albumin/Globulin Ratio; Alb: Albumin; ALT: Alanine Aminotransferase; Cr: Creatinine; FBS: Fasting Blood Sugar; FT4: Free Thyroxine; HGB: Hemoglobin; HDLc: High-Density Lipoprotein Cholesterol; RBC: Red Blood Cells; TG: Triglycerides; TGAB: Thyroglobulin Antibodies; UI: Urine Iodine; UA: Uric Acid.
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Initially included covariates

"Gender";  "Age"; "UI"; "Height";  "Weight";  "BMI"; "eGFR";  

"ALT"; "AST"; "Tbil"; "Dbil"; "TP"; "Alb"; "AGR"; "Glb"; 

"TBA"; "USG"; "UN"; "UG"; "UOB"; "UP"; "UK"; "ULE"; 

"WBC"; "RBC"; "HGB"; "HCT"; "PLT"; "PCT"; "MCV"; 

"MCH"; "MCHC";  "MPV"; "LYM"; "MONO";  "BASO";  "EOS"; 

"NEU"; "PDW"; "FBS"; "TC"; "TG"; "HDLc";  "LDLc"; "TSH"; 

"FT3"; "FT4"; "TGAB";  "TPO"; "BUN"; "Cr"; "UA"; "K"; "Na"; 

"CI"; "CO2CP";  "AG"; "Ca"; "P"; "Mg"; "PH"

61

Excluding  covariates  with more than 20% missing values

"K"; "Na"; "CI"; "CO2CP";  "AG"; "Ca"; "P";  "Mg";  "USG";  

"PH"  

10

Feature engineering  

Boruta

"Gender";  "Age"; "UI"; "Height";  "Weight";  "ALT"; "Alb"; 

"AGR"; "RBC"; "HGB"; "FBS"; "TG"; "HDLc";  "FT4"; "TGAB";  

"Cr"; "UA"; "HCT"; "eGFR"

19

Excluded  based on VIF "HCT"; "eGFR" 2

Final set of included covariates

"Gender";  "Age"; "UI"; "Height";  "Weight";  "ALT"; "Alb"; 

"AGR"; "RBC"; "HGB"; "FBS"; "TG"; "HDLc";  

Data processing  stage Variables Number of variables

"FT4"; "TGAB";  

"Cr"; "UA"

17


Microsoft_Excel_Worksheet.xlsx
Table 1.

		Variables				Absence of thyroid nodules (N=2931)				Presence of thyroid nodules (N=2960)				P-value

						Mean / N		SD / Proportion		Mean / N		SD / Proportion

		Age (year)				45.7		11.0		50.6		11.2		<0.001 

		Gender												<0.001 

				Male		1857		63.4%		1604		54.2%

				Female		1074		36.6%		1356		45.8%

		UI (μg/L)				165.9		110.6		158.4		111.3		0.01

		Height (cm)				165.1		8.0		163.8		8.1		<0.001

		Weight (kg)				66.5		11.8		65.4		11.8		<0.001

		ALT (U/L)				24.7		14.8		23.0		13.3		<0.001

		Alb (g/L)				44.4		2.4		43.9		2.3		<0.001

		AGR				1.7		0.2		1.6		0.2		<0.001

		RBC (×10^12/L)				4.9		0.5		4.8		0.5		<0.001

		HGB (g/L)				148.3		14.6		146.0		14.1		<0.001

		FBS (mmol/L)				5.0		0.8		5.1		0.8		0.004

		TG (mmol/L)				1.8		1.4		1.7		1.2		<0.001

		HDLc (mmol/L)				1.3		0.3		1.4		0.3		<0.001

		FT4 (ng/dL)				1.3		0.1		1.3		0.1		0.048

		TGAB (ng/dL)				44.3		112.2		48.0		120.7		0.212

		Cr (μmol/L)				71.1		15.1		69.6		15.0		<0.001

		UA (μmol/L)				348.6		86.1		337.4		81.6		<0.001





Table 2.

		Models		Dataset		Accuracy		Precision		Recall		F1 Score		Specificity		Kappa		AUC		P-value

		LR		Test data		0.5667		0.2487		0.6901		0.3657		0.5394		0.1357		0.6391		0.188

				Valid data		0.5889		0.2930		0.7683		0.4242		0.5449		0.1943		0.6712

		MLP		Test data		0.5854		0.6379		0.5791		0.6071		0.5932		0.1704		0.6233		0.22

				Valid data		0.6010		0.6419		0.6079		0.6244		0.5926		0.1995		0.6537

		SVM		Test data		0.7604		0.7597		0.7623		0.7610		0.7585		0.6811		0.8788		< 0.001

				Valid data		0.6947		0.6744		0.7178		0.6954		0.6729		0.5937		0.7946

		RF		Test data		0.7825		0.8003		0.7741		0.7870		0.7915		0.5649		0.8906		< 0.001

				Valid data		0.7175		0.7372		0.7221		0.7296		0.7125		0.4340		0.8322

		XGBoost		Test data		0.7799		0.7902		0.7757		0.7829		0.7843		0.5599		0.8775		< 0.001

				Valid data		0.7188		0.7326		0.7258		0.7292		0.7111		0.4367		0.8199

		LightGBM		Test data		0.7664		0.7665		0.7678		0.7671		0.5327		0.7649		0.8485		0.08

				Valid data		0.7272		0.7488		0.7302		0.7394		0.7238		0.4532		0.7986





Supplementary Table 1.

		Data processing stage				Variables		Number of variables

		Initially included covariates				"Gender"; "Age"; "UI"; "Height"; "Weight"; "BMI"; "eGFR"; "ALT"; "AST"; "Tbil"; "Dbil"; "TP"; "Alb"; "AGR"; "Glb"; "TBA"; "USG"; "UN"; "UG"; "UOB"; "UP"; "UK"; "ULE"; "WBC"; "RBC"; "HGB"; "HCT"; "PLT"; "PCT"; "MCV"; "MCH"; "MCHC"; "MPV"; "LYM"; "MONO"; "BASO"; "EOS"; "NEU"; "PDW"; "FBS"; "TC"; "TG"; "HDLc"; "LDLc"; "TSH"; "FT3"; "FT4"; "TGAB"; "TPO"; "BUN"; "Cr"; "UA"; "K"; "Na"; "CI"; "CO2CP"; "AG"; "Ca"; "P"; "Mg"; "PH"		61

		Excluding covariates with more than 20% missing values				"K"; "Na"; "CI"; "CO2CP"; "AG"; "Ca"; "P";  "Mg";  "USG";  "PH"  		10

		Feature engineering 		Boruta		"Gender"; "Age"; "UI"; "Height"; "Weight"; "ALT"; "Alb"; "AGR"; "RBC"; "HGB"; "FBS"; "TG"; "HDLc"; "FT4"; "TGAB"; "Cr"; "UA"; "HCT"; "eGFR"		19

				Excluded based on VIF		"HCT"; "eGFR"		2

		Final set of included covariates				"Gender"; "Age"; "UI"; "Height"; "Weight"; "ALT"; "Alb"; "AGR"; "RBC"; "HGB"; "FBS"; "TG"; "HDLc"; "FT4"; "TGAB"; "Cr"; "UA"		17







Supplementary Table 2.

		Variables				Absence of thyroid nodules (N=402)				Presence of thyroid nodules (N=430)				P-value

						Mean / N		SD / Proportion		Mean / N		SD / Proportion

		Age (year)				44.75		11.18		50.69		11.62		<0.001 

		Gender												0.002

				Male		263		65.4%		234		54.4%

				Female		139		34.6%		196		45.6%

		UI (μg/L)				169.35		121.90		153.14		108.65		0.043

		Height (cm)				165.70		8.09		163.96		8.08		0.002

		Weight (kg)				67.23		12.62		65.90		11.87		0.118

		ALT (U/L)				24.80		14.81		23.48		13.35		0.177

		Alb (g/L)				44.46		2.47		43.84		2.39		<0.001 

		AGR				1.64		0.20		1.60		0.19		0.001 

		RBC (×10^12/L)				4.48		0.47		4.81		0.47		0.033

		HGB (g/L)				148.44		14.58		146.46		14.27		0.048

		FBS (mmol/L)				5.00		0.77		5.06		0.80		0.285

		TG (mmol/L)				1.80		1.36		1.69		1.14		0.236

		HDLc (mmol/L)				1.33		0.34		1.34		0.32		0.837

		FT4 (ng/dL)				1.29		0.14		1.29		0.15		0.615

		TGAB (ng/dL)				46.11		111.91		47.04		128.68		0.912

		Cr (μmol/L)				70.87		14.64		69.66		14.58		0.234

		UA (μmol/L)				352.86		84.96		335.62		78.62		0.002





Supplementary Table 3.

		Models		Selection of Hyperparameters Across Different Models

		Logistic Regression Model		family = “binomial”
link = “logit”

		Support Vector Machine		  type = "C-classification", 
  kernel = "radial",
  cost = 7.063219, 
  gamma = 0.7711643 

		Multilayer Perceptron		 Input layer (Neuron: 17), 

				 First hidden layer (Neuron: 30; Dropout rate: 0.3150177; Activation function: "relu"),

				Second hidden layer (Neuron: 32; Dropout rate: 0.1006361; Activation function: "relu"),

				Output layer (Neuron: 1, Activation function: "sigmoid")

		Random Forest Model		ntree = 636, 
mtry = 5, 
nodesize = 3

		XGBoost		  eta =0.01,         
  max_depth = 10, 
  gamma = 0.001, 
  colsample_bytree = 1,   
  min_child_weight = 1,    
  subsample =0.825501,
  objective = "binary:logistic"

		LightGBM		  objective = "binary",
  max_depth = 10,
  learning_rate = 0.05295654,
  n_estimators = 365,
  subsample = 0.76121610,
  colsample_bytree =  0.76046323,
  min_child_weight = 5

		
The table describes various machine learning models that have undergone Bayesian optimization, with each parameter combination subjected to 10-fold cross-validation. Based on the results of the cross-validation, the table displays the set of hyperparameters that achieved the best performance, using the minimum logarithmic loss as the benchmark for this study. Data preprocessing and model construction were performed using R language (version 4.1.3), Python (version 3.9.7), and TensorFlow (version 2.5.0). The model training process took place on a computer equipped with an NVIDIA RTX 4090 GPU, 64 GB of RAM, and an 11th Gen Intel(R) Core(TM) i5-11400 @ 2.60GHz CPU. The operating system used was Windows 10 Professional 64-bit (Version 21H1 / DirectX 12).
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Models Selection of Hyperparameters  Across Different Models

Logistic Regression Model

family = “binomial”

link = “logit”

Support Vector Machine

  type = "C-classification",  

  kernel = "radial",

  cost = 7.063219, 

  gamma = 0.7711643 

Multilayer Perceptron

 Input layer (Neuron: 17), 

 First hidden layer (Neuron: 30; Dropout rate: 0.3150177; Activation function: "relu"),

Second hidden layer (Neuron: 32; Dropout rate: 0.1006361; Activation function: "relu"),

Output layer (Neuron: 1, Activation function: "sigmoid")

Random Forest Model

ntree = 636, 

mtry = 5, 

nodesize = 3

XGBoost

  eta =0.01,         

  max_depth = 10, 

  gamma = 0.001, 

  colsample_bytree  = 1,   

  min_child_weight  = 1,    

  subsample =0.825501,

  objective = "binary:logistic"

LightGBM

  objective = "binary",

  max_depth = 10,

  learning_rate  = 0.05295654,

  n_estimators  = 365,

  subsample = 0.76121610,

  colsample_bytree  =  0.76046323,

  min_child_weight  = 5


Microsoft_Excel_Worksheet1.xlsx
Table 1.

		Variables				Absence of thyroid nodules (N=2931)				Presence of thyroid nodules (N=2960)				P-value

						Mean / N		SD / Proportion		Mean / N		SD / Proportion

		Age (year)				45.7		11.0		50.6		11.2		<0.001 

		Gender												<0.001 

				Male		1857		63.4%		1604		54.2%

				Female		1074		36.6%		1356		45.8%

		UI (μg/L)				165.9		110.6		158.4		111.3		0.01

		Height (cm)				165.1		8.0		163.8		8.1		<0.001

		Weight (kg)				66.5		11.8		65.4		11.8		<0.001

		ALT (U/L)				24.7		14.8		23.0		13.3		<0.001

		Alb (g/L)				44.4		2.4		43.9		2.3		<0.001

		AGR				1.7		0.2		1.6		0.2		<0.001

		RBC (×10^12/L)				4.9		0.5		4.8		0.5		<0.001

		HGB (g/L)				148.3		14.6		146.0		14.1		<0.001

		FBS (mmol/L)				5.0		0.8		5.1		0.8		0.004

		TG (mmol/L)				1.8		1.4		1.7		1.2		<0.001

		HDLc (mmol/L)				1.3		0.3		1.4		0.3		<0.001

		FT4 (ng/dL)				1.3		0.1		1.3		0.1		0.048

		TGAB (ng/dL)				44.3		112.2		48.0		120.7		0.212

		Cr (μmol/L)				71.1		15.1		69.6		15.0		<0.001

		UA (μmol/L)				348.6		86.1		337.4		81.6		<0.001





Table 2.

		Models		Dataset		Accuracy		Precision		Recall		F1 Score		Specificity		Kappa		AUC		P-value

		LR		Test data		0.5667		0.2487		0.6901		0.3657		0.5394		0.1357		0.6391		0.188

				Valid data		0.5889		0.2930		0.7683		0.4242		0.5449		0.1943		0.6712

		MLP		Test data		0.5854		0.6379		0.5791		0.6071		0.5932		0.1704		0.6233		0.22

				Valid data		0.6010		0.6419		0.6079		0.6244		0.5926		0.1995		0.6537

		SVM		Test data		0.7604		0.7597		0.7623		0.7610		0.7585		0.6811		0.8788		< 0.001

				Valid data		0.6947		0.6744		0.7178		0.6954		0.6729		0.5937		0.7946

		RF		Test data		0.7825		0.8003		0.7741		0.7870		0.7915		0.5649		0.8906		< 0.001

				Valid data		0.7175		0.7372		0.7221		0.7296		0.7125		0.4340		0.8322

		XGBoost		Test data		0.7799		0.7902		0.7757		0.7829		0.7843		0.5599		0.8775		< 0.001

				Valid data		0.7188		0.7326		0.7258		0.7292		0.7111		0.4367		0.8199

		LightGBM		Test data		0.7664		0.7665		0.7678		0.7671		0.5327		0.7649		0.8485		0.08

				Valid data		0.7272		0.7488		0.7302		0.7394		0.7238		0.4532		0.7986





Supplementary Table 1.

		Data processing stage				Variables		Number of variables

		Initially included covariates				"Gender"; "Age"; "UI"; "Height"; "Weight"; "BMI"; "eGFR"; "ALT"; "AST"; "Tbil"; "Dbil"; "TP"; "Alb"; "AGR"; "Glb"; "TBA"; "USG"; "UN"; "UG"; "UOB"; "UP"; "UK"; "ULE"; "WBC"; "RBC"; "HGB"; "HCT"; "PLT"; "PCT"; "MCV"; "MCH"; "MCHC"; "MPV"; "LYM"; "MONO"; "BASO"; "EOS"; "NEU"; "PDW"; "FBS"; "TC"; "TG"; "HDLc"; "LDLc"; "TSH"; "FT3"; "FT4"; "TGAB"; "TPO"; "BUN"; "Cr"; "UA"; "K"; "Na"; "CI"; "CO2CP"; "AG"; "Ca"; "P"; "Mg"; "PH"		61

		Excluding covariates with more than 20% missing values				"K"; "Na"; "CI"; "CO2CP"; "AG"; "Ca"; "P";  "Mg";  "USG";  "PH"  		10

		Feature engineering 		Boruta		"Gender"; "Age"; "UI"; "Height"; "Weight"; "ALT"; "Alb"; "AGR"; "RBC"; "HGB"; "FBS"; "TG"; "HDLc"; "FT4"; "TGAB"; "Cr"; "UA"; "HCT"; "eGFR"		19

				Excluded based on VIF		"HCT"; "eGFR"		2

		Final set of included covariates				"Gender"; "Age"; "UI"; "Height"; "Weight"; "ALT"; "Alb"; "AGR"; "RBC"; "HGB"; "FBS"; "TG"; "HDLc"; "FT4"; "TGAB"; "Cr"; "UA"		17







Supplementary Table 2.

		Variables				Absence of thyroid nodules (N=402)				Presence of thyroid nodules (N=430)				P-value

						Mean / N		SD / Proportion		Mean / N		SD / Proportion

		Age (year)				44.75		11.18		50.69		11.62		<0.001 

		Gender												0.002

				Male		263		65.4%		234		54.4%

				Female		139		34.6%		196		45.6%

		UI (μg/L)				169.35		121.90		153.14		108.65		0.043

		Height (cm)				165.70		8.09		163.96		8.08		0.002

		Weight (kg)				67.23		12.62		65.90		11.87		0.118

		ALT (U/L)				24.80		14.81		23.48		13.35		0.177

		Alb (g/L)				44.46		2.47		43.84		2.39		<0.001 

		AGR				1.64		0.20		1.60		0.19		0.001 

		RBC (×10^12/L)				4.48		0.47		4.81		0.47		0.033

		HGB (g/L)				148.44		14.58		146.46		14.27		0.048

		FBS (mmol/L)				5.00		0.77		5.06		0.80		0.285

		TG (mmol/L)				1.80		1.36		1.69		1.14		0.236

		HDLc (mmol/L)				1.33		0.34		1.34		0.32		0.837

		FT4 (ng/dL)				1.29		0.14		1.29		0.15		0.615

		TGAB (ng/dL)				46.11		111.91		47.04		128.68		0.912

		Cr (μmol/L)				70.87		14.64		69.66		14.58		0.234

		UA (μmol/L)				352.86		84.96		335.62		78.62		0.002





Supplementary Table 3.

		Models		Selection of Hyperparameters Across Different Models

		Logistic Regression Model		family = “binomial”
link = “logit”

		Support Vector Machine		  type = "C-classification", 
  kernel = "radial",
  cost = 7.063219, 
  gamma = 0.7711643 

		Multilayer Perceptron		 Input layer (Neuron: 17), 

				 First hidden layer (Neuron: 30; Dropout rate: 0.3150177; Activation function: "relu"),

				Second hidden layer (Neuron: 32; Dropout rate: 0.1006361; Activation function: "relu"),

				Output layer (Neuron: 1, Activation function: "sigmoid")

		Random Forest Model		ntree = 636, 
mtry = 5, 
nodesize = 3

		XGBoost		  eta =0.01,         
  max_depth = 10, 
  gamma = 0.001, 
  colsample_bytree = 1,   
  min_child_weight = 1,    
  subsample =0.825501,
  objective = "binary:logistic"

		LightGBM		  objective = "binary",
  max_depth = 10,
  learning_rate = 0.05295654,
  n_estimators = 365,
  subsample = 0.76121610,
  colsample_bytree =  0.76046323,
  min_child_weight = 5

		
The table describes various machine learning models that have undergone Bayesian optimization, with each parameter combination subjected to 10-fold cross-validation. Based on the results of the cross-validation, the table displays the set of hyperparameters that achieved the best performance, using the minimum logarithmic loss as the benchmark for this study. Data preprocessing and model construction were performed using R language (version 4.1.3), Python (version 3.9.7), and TensorFlow (version 2.5.0). The model training process took place on a computer equipped with an NVIDIA RTX 4090 GPU, 64 GB of RAM, and an 11th Gen Intel(R) Core(TM) i5-11400 @ 2.60GHz CPU. The operating system used was Windows 10 Professional 64-bit (Version 21H1 / DirectX 12).
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Variables

Absence of thyroid nodules (N=402) Presence of thyroid nodules (N=430)

P-value

Mean / NSD / Proportion Mean / NSD / Proportion

Age (year) 44.75 11.18 50.69 11.62 <0.001 

Gender 0.002

Male 263 65.4% 234 54.4%

Female 139 34.6% 196 45.6%

UI (μg/L) 169.35 121.90 153.14 108.65 0.043

Height (cm) 165.70 8.09 163.96 8.08 0.002

Weight (kg) 67.23 12.62 65.90 11.87 0.118

ALT (U/L) 24.80 14.81 23.48 13.35 0.177

Alb (g/L) 44.46 2.47 43.84 2.39 <0.001 

AGR 1.64 0.20 1.60 0.19 0.001 

RBC (×10^12/L) 4.48 0.47 4.81 0.47 0.033

HGB (g/L) 148.44 14.58 146.46 14.27 0.048

FBS (mmol/L) 5.00 0.77 5.06 0.80 0.285

TG (mmol/L) 1.80 1.36 1.69 1.14 0.236

HDLc (mmol/L) 1.33 0.34 1.34 0.32 0.837

FT4 (ng/dL) 1.29 0.14 1.29 0.15 0.615

TGAB (ng/dL) 46.11 111.91 47.04 128.68 0.912

Cr (μmol/L) 70.87 14.64 69.66 14.58 0.234

UA (μmol/L) 352.86 84.96 335.62 78.62 0.002


Microsoft_Excel_Worksheet2.xlsx
Table 1.

		Variables				Absence of thyroid nodules (N=2931)				Presence of thyroid nodules (N=2960)				P-value

						Mean / N		SD / Proportion		Mean / N		SD / Proportion

		Age (year)				45.7		11.0		50.6		11.2		<0.001 

		Gender												<0.001 

				Male		1857		63.4%		1604		54.2%

				Female		1074		36.6%		1356		45.8%

		UI (μg/L)				165.9		110.6		158.4		111.3		0.01

		Height (cm)				165.1		8.0		163.8		8.1		<0.001

		Weight (kg)				66.5		11.8		65.4		11.8		<0.001

		ALT (U/L)				24.7		14.8		23.0		13.3		<0.001

		Alb (g/L)				44.4		2.4		43.9		2.3		<0.001

		AGR				1.7		0.2		1.6		0.2		<0.001

		RBC (×10^12/L)				4.9		0.5		4.8		0.5		<0.001

		HGB (g/L)				148.3		14.6		146.0		14.1		<0.001

		FBS (mmol/L)				5.0		0.8		5.1		0.8		0.004

		TG (mmol/L)				1.8		1.4		1.7		1.2		<0.001

		HDLc (mmol/L)				1.3		0.3		1.4		0.3		<0.001

		FT4 (ng/dL)				1.3		0.1		1.3		0.1		0.048

		TGAB (ng/dL)				44.3		112.2		48.0		120.7		0.212

		Cr (μmol/L)				71.1		15.1		69.6		15.0		<0.001

		UA (μmol/L)				348.6		86.1		337.4		81.6		<0.001





Table 2.

		Models		Dataset		Accuracy		Precision		Recall		F1 Score		Specificity		Kappa		AUC		P-value

		LR		Test data		0.5667		0.2487		0.6901		0.3657		0.5394		0.1357		0.6391		0.188

				Valid data		0.5889		0.2930		0.7683		0.4242		0.5449		0.1943		0.6712

		MLP		Test data		0.5854		0.6379		0.5791		0.6071		0.5932		0.1704		0.6233		0.22

				Valid data		0.6010		0.6419		0.6079		0.6244		0.5926		0.1995		0.6537

		SVM		Test data		0.7604		0.7597		0.7623		0.7610		0.7585		0.6811		0.8788		< 0.001

				Valid data		0.6947		0.6744		0.7178		0.6954		0.6729		0.5937		0.7946

		RF		Test data		0.7825		0.8003		0.7741		0.7870		0.7915		0.5649		0.8906		< 0.001

				Valid data		0.7175		0.7372		0.7221		0.7296		0.7125		0.4340		0.8322

		XGBoost		Test data		0.7799		0.7902		0.7757		0.7829		0.7843		0.5599		0.8775		< 0.001

				Valid data		0.7188		0.7326		0.7258		0.7292		0.7111		0.4367		0.8199

		LightGBM		Test data		0.7664		0.7665		0.7678		0.7671		0.5327		0.7649		0.8485		0.08

				Valid data		0.7272		0.7488		0.7302		0.7394		0.7238		0.4532		0.7986





Supplementary Table 1.

		Data processing stage				Variables		Number of variables

		Initially included covariates				"Gender"; "Age"; "UI"; "Height"; "Weight"; "BMI"; "eGFR"; "ALT"; "AST"; "Tbil"; "Dbil"; "TP"; "Alb"; "AGR"; "Glb"; "TBA"; "USG"; "UN"; "UG"; "UOB"; "UP"; "UK"; "ULE"; "WBC"; "RBC"; "HGB"; "HCT"; "PLT"; "PCT"; "MCV"; "MCH"; "MCHC"; "MPV"; "LYM"; "MONO"; "BASO"; "EOS"; "NEU"; "PDW"; "FBS"; "TC"; "TG"; "HDLc"; "LDLc"; "TSH"; "FT3"; "FT4"; "TGAB"; "TPO"; "BUN"; "Cr"; "UA"; "K"; "Na"; "CI"; "CO2CP"; "AG"; "Ca"; "P"; "Mg"; "PH"		61

		Excluding covariates with more than 20% missing values				"K"; "Na"; "CI"; "CO2CP"; "AG"; "Ca"; "P";  "Mg";  "USG";  "PH"  		10

		Feature engineering 		Boruta		"Gender"; "Age"; "UI"; "Height"; "Weight"; "ALT"; "Alb"; "AGR"; "RBC"; "HGB"; "FBS"; "TG"; "HDLc"; "FT4"; "TGAB"; "Cr"; "UA"; "HCT"; "eGFR"		19

				Excluded based on VIF		"HCT"; "eGFR"		2

		Final set of included covariates				"Gender"; "Age"; "UI"; "Height"; "Weight"; "ALT"; "Alb"; "AGR"; "RBC"; "HGB"; "FBS"; "TG"; "HDLc"; "FT4"; "TGAB"; "Cr"; "UA"		17







Supplementary Table 2.

		Variables				Absence of thyroid nodules (N=402)				Presence of thyroid nodules (N=430)				P-value

						Mean / N		SD / Proportion		Mean / N		SD / Proportion

		Age (year)				44.75		11.18		50.69		11.62		<0.001 

		Gender												0.002

				Male		263		65.4%		234		54.4%

				Female		139		34.6%		196		45.6%

		UI (μg/L)				169.35		121.90		153.14		108.65		0.043

		Height (cm)				165.70		8.09		163.96		8.08		0.002

		Weight (kg)				67.23		12.62		65.90		11.87		0.118

		ALT (U/L)				24.80		14.81		23.48		13.35		0.177

		Alb (g/L)				44.46		2.47		43.84		2.39		<0.001 

		AGR				1.64		0.20		1.60		0.19		0.001 

		RBC (×10^12/L)				4.48		0.47		4.81		0.47		0.033

		HGB (g/L)				148.44		14.58		146.46		14.27		0.048

		FBS (mmol/L)				5.00		0.77		5.06		0.80		0.285

		TG (mmol/L)				1.80		1.36		1.69		1.14		0.236

		HDLc (mmol/L)				1.33		0.34		1.34		0.32		0.837

		FT4 (ng/dL)				1.29		0.14		1.29		0.15		0.615

		TGAB (ng/dL)				46.11		111.91		47.04		128.68		0.912

		Cr (μmol/L)				70.87		14.64		69.66		14.58		0.234

		UA (μmol/L)				352.86		84.96		335.62		78.62		0.002





Supplementary Table 3.

		Models		Selection of Hyperparameters Across Different Models

		Logistic Regression Model		family = “binomial”
link = “logit”

		Support Vector Machine		  type = "C-classification", 
  kernel = "radial",
  cost = 7.063219, 
  gamma = 0.7711643 

		Multilayer Perceptron		 Input layer (Neuron: 17), 

				 First hidden layer (Neuron: 30; Dropout rate: 0.3150177; Activation function: "relu"),

				Second hidden layer (Neuron: 32; Dropout rate: 0.1006361; Activation function: "relu"),

				Output layer (Neuron: 1, Activation function: "sigmoid")

		Random Forest Model		ntree = 636, 
mtry = 5, 
nodesize = 3

		XGBoost		  eta =0.01,         
  max_depth = 10, 
  gamma = 0.001, 
  colsample_bytree = 1,   
  min_child_weight = 1,    
  subsample =0.825501,
  objective = "binary:logistic"

		LightGBM		  objective = "binary",
  max_depth = 10,
  learning_rate = 0.05295654,
  n_estimators = 365,
  subsample = 0.76121610,
  colsample_bytree =  0.76046323,
  min_child_weight = 5

		
The table describes various machine learning models that have undergone Bayesian optimization, with each parameter combination subjected to 10-fold cross-validation. Based on the results of the cross-validation, the table displays the set of hyperparameters that achieved the best performance, using the minimum logarithmic loss as the benchmark for this study. Data preprocessing and model construction were performed using R language (version 4.1.3), Python (version 3.9.7), and TensorFlow (version 2.5.0). The model training process took place on a computer equipped with an NVIDIA RTX 4090 GPU, 64 GB of RAM, and an 11th Gen Intel(R) Core(TM) i5-11400 @ 2.60GHz CPU. The operating system used was Windows 10 Professional 64-bit (Version 21H1 / DirectX 12).
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