Supplementary Material
Figure S1: The figure illustrates the process of 5-fold cross validation, where the entire dataset is split into 5 equal folds or subsets. In each iteration or "split", one of the 5 folds is used as the test set, and the remaining 4 folds are combined and used as the training set. The final performance is the average of the 5 performances of all splits.
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Table S1: ICD-9-CM and ICD-10-CM CHD Code Inclusion Criteria. 

	ICD Diagnosis Code Label
	ICD-9-CM 
	ICD-10-CM 

	Severe (15 ICD-9-CM codes and 14 ICD-10-CM codes) 

	Hypoplastic Left Heart Syndrome (HLHS) 
	 746.7 
	Q23.4 

	Tricuspid Atresia, stenosis or absence 
	746.1 
	Q22.4 

	Hypoplastic right heart syndrome 
	 
	Q22.6 

	Single ventricle, cor triloculare, double inlet left ventricle 
	745.3 
	Q20.4 

	Cor biloculare 
	745.7 
	 

	Pulmonary valve atresia or absence 
	746.01 
	Q22.0 

	Truncus Arteriosus, Common Truncus 
	745.0 
	Q20.0 

	Double outlet Right ventricle (DORV) 
	745.11 
	Q20.1 

	Double outlet Left ventricle (DOLV) 
	 
	Q20.2 

	Tetralogy of Fallot 
	745.2 
	Q21.3 

	Transposition of the Great arteries (TGA), Complete TGA, dextro-TGA, TGA not otherwise specified, classical TGA1
	745.1
	Q20.3 

	
	745.10 
	

	
	745.19 
	

	Congenital Corrected transposition of great arteries (CCTGA), levo-TGA 
	745.12 
	Q20.5 

	Endocardial cushion defect; Atrioventricular septal defect; Complete atrioventricular canal defect (CAVCD) Endocardial cushion defect unspecified Endocardial cushion defect, other1 
	745.6
	Q21.2 

	
	745.60 
	

	
	745.69 
	

	Interrupted aortic arch 
	747.11 
	Q25.21 

	Total anomalous pulmonary venous return (TAPVR) 
	747.41 
	Q26.2 

	SHUNT AND VALVE2 

	SHUNT (7 ICD-9-CM codes and 8 ICD-10-CM codes)3

	Ventricular septal defect (VSD) 
	745.4 
	Q21.0 

	Secundum atrial septal defect (ASD) 
	745.5 
	Q21.1 

	Primum atrial septal defect 
	745.61 
	

	Other specified defects of septal closure, sinus venosus ASD, inferior sinus venosus ASD, superior sinus venosus ASD 
	745.8 
	Q21.8 

	Congenital malformation of cardiac septum, unspecified 
	 
	Q21.9 

	Unspecified defect of septal closure 
	745.9 
	 

	Patent ductus arteriosus (PDA) 
	747.0 
	Q25.0 

	Aortopulmonary septal defect (AP window) 
	
	Q21.4 

	Partial anomalous pulmonary venous return (PAPVR) 
	747.42 
	Q26.3 

	Anomalous pulmonary venous connection, unspecified 
	 
	Q26.4 

	VALVE (14 ICD-9-CM codes and 22 ICD-10-CM codes)4

	Anomalies of the pulmonary valve; 
Pulmonary valve anomaly unspecified1
	746.0
	Q22.3 

	
	746.00
	

	Pulmonary valve stenosis (PS) 
	746.02 
	Q22.1 

	Pulmonary valve anomaly, other, pulmonary valve regurgitation 
	746.09 
	Q22.2 

	Ebstein anomaly of the tricuspid valve 
	746.2 
	Q22.5 

	Congenital malformations of tricuspid valve 
	 
	Q22.8 

	Congenital malformation of tricuspid valve, unspecified 
	 
	Q22.9 

	Aortic valve stenosis (AS) 
	746.3 
	Q23.0 

	Aortic insufficiency or bicuspid or unicuspid aortic valve 
	746.4 
	Q23.1 

	Other congenital malformations of aortic and mitral valves 
	 
	Q23.8 

	Congenital malformation of aortic and mitral valves, and specified 
	 
	Q23.9 

	Mitral stenosis or mitral valve abnormalities 
	746.5 
	Q23.2 

	Mitral insufficiency, cleft mitral valve 
	746.6 
	Q23.3 

	Subaortic stenosis, subaortic membrane 
	746.81 
	Q24.4 

	Infundibular or subvalvular pulmonary stenosis 
	746.83 
	Q24.3 

	Coarctation of the aorta1 
	747.1
	Q25.1 

	
	747.10 
	

	Supravalvular aortic stenosis 
	 
	Q25.3 

	Hypoplasia of the aorta 
	 
	Q25.42 

	Atresia or stenosis of aorta 
	747.22 
	Q25.29 

	Absence and aplasia of aorta 
	 
	Q25.41 

	Atresia of pulmonary artery 
	 
	Q25.5 

	Pulmonary artery atresia, coarctation, or hypoplasia of the branch pulmonary arteries 
	747.31 
	Q25.71 

	Anomalies of the pulmonary artery, other 
	747.39 
	Q25.79 

	
	
	

	OTHER CHD (2 ICD-9-CM codes and 2 ICD-10-CM codes)5

	Cor triatriatum 
	746.82 
	Q24.2 

	Coronary artery anomaly, anomalous coronary artery, anomalous left coronary artery off the pulmonary artery (ALCAPA), anomalous right coronary artery off the pulmonary artery (ARCAPA) 
	746.85 
	Q24.5 

	OTHER VASCULAR (3 ICD-10-CM codes)6

	Double aortic arch 
	 
	Q25.45 

	Right aortic arch component of Vascular ring 
	 
	Q25.47 

	Anomalous origin of the subclavian artery component of vascular ring 
	 
	Q25.48 



1 Some ICD-9-CM codes were adjusted over time to include an additional decimal place, but are considered the same code 
2Cases with no Severe codes and has both Shunt AND Valve codes.
3Cases with Shunt codes with or without any other group codes, but no Severe or Valve codes.
4Case with Valve codes with or without any other group codes, but no Severe or Shunt codes.
5Cases with only ‘Other CHD’ type group codes, AND no Severe, Shunt or Valve codes.
6Cases with ‘Other Vascular’ codes required either code Q25.45 or the combination of Q25.47 and Q25.48 to be included.
 Notes. The following 25 ICD-9-CM codes were excluded from the case definition: 746.84 obstructive heart anomalies NEC, 746.86 congenital heart block, 746.87 malposition of heart, 746.89 congenital heart anomaly NEC, 746.9 congenital heart anomaly NOS, 747.20 congenital anomaly of aorta NOS, 747.21 anomalies of aortic arch, 747.29 congenital anomalies of aorta NEC, 747.3 pulmonary artery anomaly, 747.32 pulmonary AV malformation, 747.39 other anomalies of the pulmonary artery and circulation, 747.40 Great vein anomaly NOS, 747.49 great vein anomaly NEC, 747.5 and umbilical artery absence, 747.6 (end 1993) peripheral vascular anomaly NEC, 747.60 (begin 1993) unspecified peripheral vascular anomaly, 747.61 GI vessel anomaly, 747.62 renal vessel anomaly, 747.63 upper limb vessel anomaly, 747.64 lower limb vessel anomaly, 747.69 other specified peripheral vascular anomaly, 747.81 cerebrovascular anomaly, 747.82 spinal vessel anomaly, 747.83 persistent fetal circulation, 747.89 circulatory anomaly NEC, 747.9 circulatory anomaly NOS. 
The following 24 ICD-10-CM codes were excluded from the case definition: Q20.6 isomerism of atrial appendages, Q20.8 other congenitally malformations of cardiac chambers and connections, Q20.9 congenital malformation of cardiac chambers and connections unspecified, Q24.0 malposition of heart or Apex, dextrocardia, Q24.1 levocardia, Q24.8 other specified congenital malformations of the heart, Q24.9 unspecified defect of the heart, Q25.40 anomalies of aorta, unspecified, Q25.43 congenital aneurysm of aorta, Q25.4 for congenital dilation of aorta, Q25.46 torturous aortic arch, Q25.47 right aortic arch, Q25.49 other congenital malformations of aorta, Q25.6 branch pulmonary artery stenosis, Q25.72 congenital pulmonary arteriovenous malformation, Q25.79 other congenital malformations of the pulmonary artery, Q25.8 other congenital malformations of other great arteries, Q25.9 congenital malformation of great arteries unspecified, Q26.0 congenital stenosis vena cava, Q26.1 left superior vena cava, Q26.5 anomalous portal venous connection, Q26.6 portal vein – hepatic artery fistula, Q26.8 other congenital malformations of great veins, Q26.9 anomalies of great veins unspecified.
Abbreviations: CHD = congenital heart defect; ICD-9-CM = International Classification of Diseases 9th revision, Clinical Modification; ICD-10-CM = International Classification of Diseases 10th revision, Clinical Modification.


Table S2: Full hyperparameter configurations for the grid search for SVM. 

	Kernel function (K)
	Linear, or RBF

	C value
	2, 4, 6, 8, 10, or 12



Table S3: Full hyperparameter configurations of RoBERTa.

	Number of Layers
	12

	Hidden size
	768

	FFN inner hidden size
	3072

	Attention heads
	12

	Attention head size
	64

	Dropout
	0.1

	Attention Dropout
	0.1

	Weight Decay
	0.01

	Learning Rate Decay
	Linear

	Adam 
	0.9

	Adam 
	0.98

	Gradient Clipping
	0

	Batch Size
	32

	Warmup Ratio
	0

	Adam Epsilon
	


Note. The hyperparameter settings for RoBERTa in this study are based on configurations commonly used in recent research, which have demonstrated their effectiveness across various NLP tasks. Previous works have successfully used these settings, achieving strong performance on benchmark datasets.

Table S4: System performance of CHD and ASD models for classifying individuals with ASD/PFO ICD codes into three groups, using two data sources. The average score and standard deviation over 5 sub-datasets and 95% confidence interval of F1 were reported.

	CHD Model
	ASD Model
	Precision
	Recall
	F1
	95% CI of F1

	AHS/PHS+STS
	

	Individuals with an ASD
	

	SVM
	RoBERTa
	0.81 (±0.06)
	0.32 (±0.16)
	0.44 (±0.14)
	0.43-0.48

	SVM
	SVM
	0.71 (±0.02)
	0.69 (±0.01)
	0.70 (±0.01)
	0.68-0.72

	RoBERTa
	RoBERTa
	0.80 (±0.07)
	0.32 (±0.17)
	0.44 (±0.14)
	0.43-0.49

	RoBERTa
	SVM
	0.71 (±0.02)
	0.69 (±0.01)
	0.70 (±0.01)
	0.68-0.72

	XGBoost
	RoBERTa
	0.80 (±0.07)
	0.32 (±0.16)
	0.43 (±0.14)
	0.42-0.48

	XGBoost
	SVM
	0.71 (±0.02)
	0.69 (±0.01)
	0.70 (±0.01)
	0.68-0.72

	Individuals with other CHD
	

	SVM
	RoBERTa
	0.68 (±0.04)
	0.90 (±0.06)
	0.77 (±0.01)
	0.76-0.78

	SVM
	SVM
	0.81 (±0.02)
	0.77 (±0.01)
	0.79 (±0.01)
	0.78-0.80

	RoBERTa
	RoBERTa
	0.64 (±0.04)
	0.91 (±0.06)
	0.75 (±0.01)
	0.74-0.77

	RoBERTa
	SVM
	0.75 (±0.01)
	0.79 (±0.01)
	0.77 (±0.01)
	0.76-0.78

	XGBoost
	RoBERTa
	0.64 (±0.04)
	0.93 (±0.06)
	0.76 (±0.01)
	0.75-0.77

	XGBoost
	SVM
	0.75 (±0.01)
	0.81 (±0.01)
	0.78 (±0.01)
	0.76-0.79

	Individuals without CHD
	

	SVM
	 -
	0.64 (±0.03)
	0.90 (±0.05)
	0.74 (±0.02)
	0.71-0.78

	RoBERTa
	 -
	0.64 (±0.07)
	0.53 (±0.06)
	0.58 (±0.06)
	0.53-0.62

	XGBoost
	 -
	0.79 (±0.05)
	0.52 (±0.07)
	0.62 (±0.05)
	0.58-0.67


Acronyms: ASD= secundum atrial septal defect; AHS=Adult Healthcare System; CHD=congenital heart defects; ICD=International Classification of Diseases; PFO=patent foramen ovale; PHS=Pediatric Healthcare System; RoBERTa=a robustly optimized BERT pretraining approach; STS=Society for Thoracic Surgeons database; SVM=Support Vector Machine; XGBoost=a scalable tree boosting system; CI=confidence interval.

Table S5: Model performance for classifying individuals with ASD/PFO ICD codes as having CHD or not, using two data sources. The evaluation metrics are the precision, recall, and F1 score for the positive CHD class. The average score and standard deviation over 5 sub-datasets and 95% confidence interval of F1 were reported.

	[bookmark: _Hlk161149519] Model
	Precision
	Recall
	F1
	95% CI of F1

	AHS/PHS
	

	SVM
	0.84 (±0.09)
	0.51 (±0.06)
	0.63 (±0.06)
	0.58-0.68

	RoBERTa
	0.53 (±0.10)
	0.61 (±0.09)
	0.57 (±0.09)
	0.52-0.61

	XGBOOST
	0.59 (±0.07)
	0.84 (±0.03)
	0.69 (±0.05)
	0.65-0.73

	AHS/PHS+STS
	

	SVM
	0.99 (±0.01)
	0.95 (±0.00)
	0.97 (±0.00)
	0.96-0.97

	RoBERTa
	0.95 (±0.01)
	0.97 (±0.01)
	0.96 (±0.01)
	0.96-0.97

	XGBOOST
	0.95 (±0. 01)
	0.99 (±0.00)
	0.97 (±0.01)
	0.96-0.97


Acronyms: AHS=Adult Healthcare System; CHD=congenital heart defects; ICD=International Classification of Diseases; PFO=patent foramen ovale; PHS=Pediatric Healthcare System; RoBERTa=a robustly optimized BERT pretraining approach; STS=Society for Thoracic Surgeons database; SVM=Support Vector Machine; XGBoost=a scalable tree boosting system; CI=confidence interval.



Equation S1: The equation for computing the class weight in the SVM model.
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