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Purpose: Recent studies observed brain/behavior changes suggesting accelerated brain aging 

in adolescent and young adult survivors (AYAs) of congenital heart disease (CHD)1–4. We 

conducted the first study to quantify the severity of accelerated aging in AYAs with CHD, the 

contributing factors, and potential for accelerated aging to infer neurodevelopment outcome. 

 

Materials and Methods: This IRB-approval study used a deep learning brain age estimator we 

trained on T1-weighted brain MRIs of 16,705 healthy brain MRIs5, on 96 AYA survivors of CHD 

8-30 years of age in the 8-site Pediatric Cardiac Genomics Consortium (PCGC). We computed 

the severity of brain aging by subtracting AI-estimated and the actual chronological ages 

(deltaAge), with a T-test with normal controls to confirm the existence and severity of accelerated 

brain aging (i.e., deltaAge>0 with p<0.05). We used ANCOVA to test whether deltaAge was 

significantly associated with contributing factors including demographics (sex, age at MRI, Body 

Mass Index (BMI)), genetics (High Brain Expression, Chromatin-modifying, Neurodevelopmental 

disorder, probability of loss of function intolerance, and ApoE genes), and Socioeconomic Status 

(SES: parental education, income). We used a general linear model to test the significance of 

associations between deltaAge and neurodevelopment scores (Wide Range Achievement Test-

IV, Wechsler (version IV for adults and V for children), controlling for demographics, genetics and 

SES. 

 

Results: AI-estimated deltaAge was 1.37 years (p<0.01) for AYAs with CHD (Fig 1), with 1.0115 

years of brain aging for every year of chronological aging between 8 to 30 years age, after an 

initial brain aging of 1.18 yrs by age 8 years (Fig 2). ANOVA test showed that a higher BMI 

(p=0.014, Fig 3) and the e3/e4 alleles in the ApoE gene (p=0.021, Fig 4) were significantly 

associated with a greater deltaAGE. Among 22 neurodevelopmental scores, AI-estimated 

deltaAGE was significantly positively associated with Matrix Reasoning (p=0.021), 

Vocabulary(p=0.026), Verbal Comprehension Index (p=0.050), and Fluid Reasoning Index 

(0.035), controlling for demographics, genetics, and SES. 

 

Conclusion: Survivors of CHD experience 1.37y of accelerated aging between 8 and 30 years, 

which may be alleviated by lowering BMI and the absence of ApoE gene. The severity of 

accelerated brain aging offers a new MRI metric to identify individuals at risk for some 

neurodevelopmental impairments. Next steps will be longitudinal studies in larger datasets. 
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