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Ball et al., 2017 Modelling neuroanatomical variation during childhood and adolescence with neighbourhood-preserving embedding3-21 3-21, 5-21 (ABIDE)PING ABIDE 1.54; 1.65 (ABIDE) -- Brain tissue volume, cortical thickness and cortical areaNeighborhood preserving embedding-- 

Ball et al., 2021 Individual variation underlying brain age estimates in typical development3-21 3-21 PING PING 1.81, 1.75, 1.92 R^2 = 0.79, 0.81, 0.78 Cortical thickness, area regularised linear regression (elastic net), gaussian process regression, XGBoostcognition

Beck et al., 2024 Dimensions of early life adversity are differentially associated with patterns of delayed and accelerated brain maturation8.9-13 8.9-13 ABCD ABCD MAE: 0.79 (T1), 0.71 (DTI), 0.89 (rsfMRI), RMSE: 0.96 (T1), 0.89 (DTI), 1.08 (rsfMRI)R^2: 0.34 (T1), 0.43 (DTI), 0.17 (rsfMRI)T1 (cortical surface area, thickness, volume, sulcal depth, intensity-gray-white contrast, and subcortical volume), DTI ( functional anisotropy (FA) and mean (MD), longitudinal (or axial, AD), and transverse (or radial, RD) diffusivity), rs-fMRIXGBoost trauma/adversity

Brouwer et al., 2021 The Speed of Development of Adolescent Brain Age Depends on Sex and Is Genetically Determined9-23 9-23 BrainSCALE BrainSCALE 1.24 (GMD model), others available in supplementR^2 = 0.77 (1) a voxel-based GMD feature set (157 256 features), (2) resampled (30 741 features) vertex-based cortical thickness values extracted from the FreeSurfer pipeline, (3) a feature set consisting of 90 local volumes extracted from the FreeSurfer pipeline (cortical volumes, subcortical, and cerebellar gray matter volumes, lateral, third, and fourth ventricle volumes).SVR (support vector regression)genetics, sex differences

Brown et al., 2012 Neuroanatomical Assessment of Biological Maturity 3-20 3-20 PING PING 1.71 (T1), 1.71 (DTI), 1.6 (T2) R^2: 0.828 (T1), 0.806 (DTI), 0.828 (T2)Cortical thickness and area, volumes of segmented subcortical structures, normalized signal intensities, and measures of diffusion magnitude and directionality within cerebral, cerebellar, and white matter fiber tract regions of interestregularized multivariate nonlinear regression-like approach-- 

Cao et al., 2015 Development and validation of a brain maturation index using longitudinal neuroanatomical scans4-18 6-17 NIH Pediatric MRI Data RepositoryNIH Pediatric MRI Data Repository1st timepoint: 1.69, 2nd timepoint: 1.711st timepoint: R: 0.82, 2nd timepoint: R: 0.83Cortical & subcortical volumeLASSO -- 

Chung et al., 2018 Use of Machine Learning to Determine Deviance in Neuroanatomical Maturity Associated With Future Psychosis in Youths at Clinically High Risk3-21 12-21 PING North American Prodrome Longitudinal Study 2 (NAPLS 2)1.69, 1.41 (external, NAPLS2) R^2: 0.84 (PING), 0.51 (NAPLS2)Cortical volume, subcortical volume, global cortical surface area & thicknessRidge regression psychosis

Cohen et al., 2024 Relative Brain Age Is Associated with Socioeconomic Status and Anxiety/Depression Problems in Youth5-18 5-18 HBN HBN 1.41 (may refer to original model cross-validation in NKI)R^2 = 0.71 (may refer to original model cross-validation in NKI)Cortical mean curvature, white matter volume, cortical thickness, surface area, gray matter volume, and travel depth, subcortical volumeJIVe, Ridge regression SES, anxiety, depression

Cropley et al., 2021 Brain-Predicted Age Associates With Psychopathology Dimensions in Youths8-21 8-21 PNC PNC 1.49, 1.61 (non-typically developing sample)r = 0.82 (TD), 0.72 (non-TD) Cortical volume, area, thickness, subcortical volumeSVR (support vector regression)ADHD

Dehestani et al., 2023 Developmental brain changes during puberty and associations with mental health problems9-13 9-13 ABCD, (HCP for supplement)ABCD 7.5 months r = 0.47 Cortical volume, area, thickness, subcortical volumeSVR (support vector regression)puberty, mental health

de Nooij et al., 2020 Longitudinal trajectories of brain age in young individuals at familial risk of mood disorder from the Scottish Bipolar Family Study15-28 15-30 Scottish Bipolar Family StudyScottish Bipolar Family Study2.21 r = 0.4 smoothed modular grey matter maps (sGMM)RVR (relevance vector regression)mental health

Drobonin et al., 2022 The Developmental Brain Age Is Associated With Adversity, Depression, and Functional Outcomes Among Adolescents9-19 9-19 ABIDE, ABIDE-II, CMI, CORR, NIH, PINGFORBOW 1.53; 1.55/1.98 bias-corrected (validation), 1.49 years, 1.86 bias adjusted (at-risk)-- Cortical volume, surface area, subcortical volumeXGBoost depression, functional impairment, environmental adversity

Erus et al., 2015 Imaging Patterns of Brain Development and their Relationship to Cognition8-22 8-22 PNC PNC 1.22 r = 0.89 Gray (GM) and white (WM) matter volumes, cerebrospinal fluid (CSF), lateral ventricles, RAVENS maps, voxel-wise FA & ADC (DTI)SVR (support vector regression)cognition

Franke et al., 2012 Brain maturation: Predicting individual BrainAGE in children and adolescents using structural MRI5-18 5-18 Pediatric MRI Data RepositoryPediatric MRI Data Repository1.1 r = 0.93 GM, WM, and CSF RVR (relevance vector regression)preterm birth

Gotlib et al., 2022 Effects of the COVID-19 Pandemic on Mental Health and Brain Maturation in Adolescents: Implications for Analyzing Longitudinal Data18-75 13-17 ENIGMA In-study sample -- -- Cortical thickness and surface area, subcortical volume, total intracranial volume (ICV)Ridge regression covid-related cohort differences

Gottschewsky et al., 2024 Menarche, pubertal timing and the brain: female-specific patterns of brain maturation beyond age-related development.15.25 ± 3.65 (no range given)11.91 ± 0.65 (no range given)PNC ABCD MAE: 1.1, RMSE: 1.3 -- Cortical volume, area, thicknes, subcortical volumeXGBoost menarche status, puberty

Hedderich et al., 2021 Increased Brain Age Gap Estimate (BrainAGE) in Young Adults After Premature Birth11-70 25-28 fCONN, NIH, IXI, C-MIND Bavarian Longitudinal StudyMAE and RMSE not reported (references that this framework has an mae of 3.22 based on prior work)-- GM, WM, and CSF RVR (relevance vector regression)cognition, perinatal variables, prematurity

Holm et al., 2023 Linking brain maturation and puberty during early adolescence using longitudinal brain age prediction in the ABCD cohort5-93 9-13 21 publically available datasets (Leonardsen et al., 2022)ABCD .7, 1.4  (baseline, follow-up) -- T1-weighted data CNN (convolutional neural nets)puberty

Karolis et al., 2017 Volumetric grey matter alterations in adolescents and adults born very preterm suggest accelerated brain maturation9-65 Adolescent-adult, mean age of adolescents 15.3, mean age early adult 20.1, mean age adulthood 30.8ABIDE, COBRE, OASIS, IXI, CANDIIn-study sample -- r = 0.81, 0.42 and 0.81 GMVs, LIs, GMVs & LIs. GMV = average gmv per voxel for 82 cerebral and subcortical regions. LI: regional lateralisation indicesLASSO premature birth

Keding et al., 2021 Differential Patterns of Delayed Emotion Circuit Maturation in Abused Girls With and Without Internalizing Psychopathology8-18 8-18 In-study sample In-study sample 1.66 (whole-brain), 1.602 (emotion), 1.569 (language)r = 0.677 (whole-brain), 0.663 (emotion), 0.655 (language)Cortical and subcortical volumestacked generalization internalizing behavior

Keding et al., 2024 Diverging Effects of Violence Exposure and Psychiatric Symptoms on Amygdala-Prefrontal Maturation During Childhood and Adolescence8-24 8-24 PNC PNC MAE provided separately for each of 4 models, both training & validation, corrected and uncorrected. Uncorrected ranges from 0.982 to 3.017, corrected ranges from 1.021 to 2.988.R^2 provided separately for each of 4 models, both training & validation, corrected and uncorrected. Uncorrected ranges from 0.008 to 0.903, corrected ranges from 0.608 to 0.886rsfMRI CNN (convolutional neural net)violence exposure, internalizing, externalizing

Kelly et al., 2022 Investigating brain structural maturation in children and adolescents born very preterm using the brain age framework3-21 7, 13 PING Victorian Infant Brain Study (VIBeS)1.72 (PING), 1.92; 1.53 (ViBES, 7 & 13 years)r = 0.9 (PING) Cortical volume, area, thickness, subcortical volumeGaussian process regression preterm birth

Khundrakpam et al., 2015 Prediction of brain maturity based on cortical thickness at different spatial resolutions12.9 ± 3.8 (no range given)12.9 ± 3.8 (no range given)Pediatric MRI Data RepositoryPediatric MRI Data Repository1.95, 1.79, 1.74, 1.71, 1.68 (different spatial resolutions)r = 0.78, 0.81, 0.82, 0.83, 0.84 (different spatial resolutions)Cortical thickness linear regression (elastic net) cognition 

Kurth et al., 2022 Preliminary evidence for a lower brain age in children with attention-deficit/hyperactivity disorder5-22 6-18 Pediatric MRI Data RepositoryIn-study sample -- -- Processed gray matter imagesRVR (relevance vector regression)ADHD

Lewis et al., 2018 T1 white/gray contrast as a predictor of chronological age, and an index of cognitive performance3-22 3-22 NIHPD, PING NIHPD, PING MAE: 1.52 (contract + thickness). Average Absolute Deviation (AAD): 58 to 134 days (depending on measures/atlases)r = 0.92 (contrast + thickness) T1 white/gray contrast, cortical thicknesslinear regression (elastic net) cognition

Luna et al., 2021 Maturity of gray matter structures and white matter connectomes, and their relationship with psychiatric symptoms in youth5-21 5-21 HBN HBN (Healthy Brain Network)1.18, 0.26 (age-harmonized) -- Thickness, volume, area, mean curvature, white matter connectomsensemble, SEML was best mental health, cognition

Lund et al., 2022 Brain age prediction using fMRI network coupling in youths and associations with psychiatric symptoms8-22 8-22 PNC HBN (Healthy Brain Network)PNC: 2.43 MAE, 2.93 RMSE. HBN: 4.24 MAE, 4.79 RMSEr =0.6 (PNC), 0.54 (HBN) rsfMRI SLM (shrinkage estimation of regression coefficients)mental health

MacSweeney et al., 2024 Multimodal brain age indicators of internalising problems in early adolescence: A longitudinal investigation9-13 9-13 ABCD ABCD Same as Beck et al., 2024 Same as Beck et al., 2024 Same as Beck et al., 2024 XGBoost internalizing symptoms

Mareckova et al., 2023 Longitudinal study of epigenetic aging and its relationship with brain aging and cognitive skills in young adulthood6-89 Adolescence (M = 14.65 years), early 20 s (M = 23.85 years) and late 20 s (M = 29.49 years) ABIDE, CoRR, DLBS and NKI RocklandVULDE -- -- Cortical thickness RVR, gaussian process epigenetic age

Ng et al., 2024 Frontoparietal and salience network synchronizations during nonsymbolic magnitude processing predict brain age and mathematical performance in youth7-30 7-30 In-study sample In-study sample MAE: 2.94, RMSE: 4.15 R^2 = .519 Task-based fMRI network connectivityGradient Boosting math performance

Nielsen et al., 2019 Evaluating the Prediction of Brain Maturity From Functional Connectivity After Motion Artifact Denoising.7-31 7-31 In-study sample In-study sample -- R^2: 0.57 rsfMRI SVM motion

Niu et al., 2022 Multidimensional brain-age prediction reveals altered brain developmental trajectory in psychiatric disorders14.41 ± 3.8 (no range given)Healthy control: 14.64 ± 3.8 (no range given), Psychiatric disorder groups: means from 12.57 to 16PNC PNC 1.751 to 3.16 (5 sex-specific models in total)R^2: 0.131 to 0.798 (5 sex-specific models) Grey matter volume, FA Ridge regression Specific phobia, social phobia, depression, PTSD, ODD, ADHD

Rakesh et al., 2021 Neighborhood disadvantage and longitudinal brain-predicted-age trajectory during adolescence8-21 12, 16, 19 PNC OADS (Orygen Adolescent Development Study)Training (PNC): 1.43, Testing (OADS): 1.64Training (PNC): r = 0.79, Testing (OADS): r = 0.74 Cortical volume, area, thickness, subcortical volumeSVR (support vector regression)neighborhood disadvantage, parenting, effortful control

Ray et al., 2024 Adolescent brain maturation associated with environmental factors: a multivariate analysis8-22 9-10 PNC, ABCD ABCD 0.49 - Grey matter density (ICA component from GM images), brain morphological features from FreeSurfer (coritical thickness/volume, subcortical volume) and static functional connectivity (sFNC)SVR (support vector regression)
cognition, and a set of environmental variables: air pollution, 

population density, area crime, neighborhood safety, school safety, 
Rudolph et al., 2017 At risk of being risky: The relationship between “brain age” under emotional states and risk preference10-25 10-25 -- -- Training RMSE: 1.503, Test RMSE: 1.591Train R^2: 0.81, test r^2: 0.42 pseudo-rsfMRI, cortical thickness (as a validation)PLSR (partial least squares regression)risk perception and preference

Sanders et al., 2024 (preprint) Associations between methylation age and brain age in late adolescence18-75 18-24 ALSPAC (Avon Longitudinal Study of Parents and Children)ALSPAC (Avon Longitudinal Study of Parents and Children)4.3 r = 0.27 Cortical thickness and surface area, subcortical volumeRidge regression methylation, physical, cognitive and mental health

Soehner et al., 2023 Naturalistic Sleep Patterns are Linked to Global Structural Brain Aging in Adolescence18-92 9-25 brainageR; 7 cohorts: AIBL, DLBS, GSP, IXI, Nathan Kline Institue Rockland Sample Enhanced, OASIS-1, SALDNAPS (Neuroimaging and Pediatric Sleep)3.933 r = 0.97 PCA from GM, WM, and CSF featuresGaussian process regression sleep

Stratton et al., 2024 Transient patterns of advanced brain ageing in female adolescents with anorexia nervosa12-23 12-23 NIH MRI Study of Normal Brain DevelopmentIn-study sample 1.33 (grey matter); 0.97 (white matter)r = 0.81 (grey matter); 0.91 (white matter)Grey matter, white matter RVR (relevance vector regression)Anorexia nervosa (multiple clinical measures)

Truelove-Hill et al., 2020 A Multidimensional Neural Maturation Index Reveals Reproducible Developmental Patterns in Children and Adolescents8-21 8-21, 16-22PNC PING, multisite schizophrenia studysNMI: 1.67 (PNC), 1.59 (PING); fNMI: 2.14 (PNC), 2.58 (PING)r (sNMI) = 0.822 (PNC), 0.872 (PING), r (fNMI) = 0.615 (PNC), 0.605 (PING)Grey matter volume, white matter volume, rsfMRISVR (support vector regression)schizophrenia

Tunç et al., 2019 Deviation from normative brain development is associated with symptom severity in autism spectrum disorder6-25 6-25 In-study sample In-study sample -- r = 0.88 (training sample), r=0.85 (asd sample)Cortical volume, area, thickness, DTI (FA, ADC)SVR (support vector regression)autism symptoms

Ullman et al., 2017 Timing of White Matter Development Determines Cognitive Abilities at School Entry but Not in Late Adolescence6-20 6.8 ±  0.3 In-study sample In-study sample -- r = 0.81 FA SVR (support vector regression)Cognition

Wang et al., 2021 Predicting brain age during typical and atypical development based on structural and functional neuroimaging8-23 5-30 PNC Functional Connectome Project, HBN, ABIDE1.1 to 1.47 (2 sex-specific models tested on 4 sites each)r = 0.74 to 0.9 (2 sex-specific models tested on 4 sites)Grey matter volume, white matter volume, CSF volume, rsfMRI connectivityPartial least square regression (PLSR) with stacking algorithmASD

Whitmore et al., 2023 BrainAGE as a measure of maturation during early adolescence9-19; 9-11; 11-139-14 Same as Drobonin et al., 2022; ABCDABCD Existing model: 2.32 (uncorrected, baseline), 1.45 (corrected, baseline), 1.3 (uncorrected, follow-up), 1.58 (corrected, follow-up). Novel models: 0.49 (uncorrected, baseline), 0.86 (corrected, baseline). 0.52 (uncorrected, follow-up), 2.2 (corrected, follow-up)-- Cortical volume and area, subcortical volumeXGBoost puberty, cognition

Wierenga et al., 2019 Sex Effects on Development of Brain Structure and Executive Functions: Greater Variance than Mean Effects8-26 8-26 BrainTime BrainTime 2.015 0.79 (adjusted R^2) Cortical surface area & thicknessRandom forest cognition, sex differences

Zhao et al., 2019 Brain age prediction: Cortical and subcortical shape covariation in the developing human brain5-18 6-18 HBN NKI-RS 1.41 R^2 = 0.71 Covariance: cortical mean curvature, white matter volume, cortical thickness, surface area, gray matter volume, travel depthRidge regression IQ, sex

Zhao et al., 2023 Differential effects of generalized anxiety and separation anxiety on brain structural development during adolescence5-18 Average age 10.62 ± 3.31, no range givenHBN (CBIC site) HBN (RUBIC site) 1.97 (discovery), 1.81 (validation) r = 0.678 (discovery), 0.734 (validation)Cortical thickness, surface areaSVR (support vector regression)anxiety

Note: ABCD: Adolescent Brain Cognitive Development, ABIDE: Autism Brain Imaging Data Exchange, CANDI: Child and Adolescenct NeuroDevelopment Initiative, C-MIND/CMI: Child Mind Institute, COBRE: Center for Biomedical Research Excellence, CORR: Consortium for Reliability and Reproducibility, DLBS: Dallas Lifespan Brain Study, FORBOW, 

Families Overcoming Risks and Building Opportunities for Well-being, HBN: Healthy Brain Network, IXI: Information eXtraction from Images,NKI-RS: Nathan Kline Institute - Rockland Sample, OASIS: Open Access Series of Imaging Studies, PING:  Pediatric Imaging, Neurocognition, and Genetics, PNC: Philadelphia Neurodevelopmental Cohort, VULDE: 

Supplementary Table 1. Overview of selected brain-age prediction studies in children and adolescents.


