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2. Hlo[E{AM

 ATeA =, e/1E T1 MRI dlo]El & AH8-3t
Gow AHA m:lf % 17 2tk E 732089 ©
nzl ek 6,163% ] k2t HolH & &&atslon, dF
XS 6AA 96MZEA TrFEtAl EEE ] QUTh
OASIS dHolHAlel A9 sd A7t oy AES
WESL Y o= ol S5 PFel FHE @
A7F EAEHA FeE dHolHE 2 Wit

<X 1> dle]gAM #xE

Dataset Sample | Subject Age range (fen?:lr:/i: ale)

ABIDE[9] 1,102 1,102 6.0 - 64.0 163/939

BGSP[10] 1,570 1,570 19.0 - 35.0 905/665

CoRRI[11] 1,378 1,378 6.0 - 83.0 684/694

IX1[12] 562 562 19.98 - 86.32 312/250
OASIS[13] | 2214 1,057 | 4247 - 9557 588/469
SALD[14] 494 494 19.0 - 80.0 307/187
Overall 7,320 6,163 6.0 - 95.57 | 2,959/3,204

1. clolef Mz

FHE vFE MRI HlelE A2 H@% 8}
71 918l MRI cﬂo]Eﬂb MATLABA M 7] A][15]
2 Algste] AxE= s}, x%xia—t— PM 7] 7]
ol AlFsH= MNIS2_T1_Ilmmnii 938 283519
om MNI F7toz A8 43 2 ANZhe 59
ataick Zt ol A= SPMeOl Aafst dxE AR 2mm?
A== Wgteglon, vdst = e Sl I
A3t WdE FEs A, e, w35
A AR T ofvlx], 3, wid AR a9 13

.,

>

AlMTH(Sagittal)

Original TL Preprocessed T1 Gray Matter White Matter

original TL Preprocessed T1 Gray Matter White Matter

(2" 1) dAgE volH

£H4H (Coronal)

3. Mot =g

¥ A" dFES 98 AFAF(three dimension,

3D) CNN 7|9 »d
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Y= dHeolee Arvle AAY"E 3D =F
(79x95x79) .2 T1 ofm#], 2w gl wid=z 4
=, 7F olnx]= =¥ 2 <l 3D CNN Backbone -
ZE 7F#t}. CNN Backbone 64, 128, 256, 512 2
B A7]E 72tE 4719 S(Convolution, ReL.U, Batch

Normalization, MaxPooling) 2.2 TFAF o] o,
°o]& 3l 7t MRI dHeolHe &3 54& @AA

572 Fusion Modules %3l
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H AE dF As Hrhe Hir dd S AH(MAE,
Mean Absolute Error)¢} Ioj& 3 A(PCC,
Pearson Correlation Coefficient)E AF&3}31 3, A
o dwrst AesES R3S 98 54 wA HF
(5-fold cross-validation) & = &3}%)
iz Wl JR7E A Al $83% 94
st=#] Aedstr] fls] T1 @ o] v X ks A&
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<E 2> ZU¥ 4TS %7}

L=}
2 CNN ResNet Joo et al.[4] MultiModal{ResNet) Ours
HojgAl
MAE PCC MAE PCC MAE PCC MAE PCC MAE PCC
ALL 4724045 | 0932002 | 2742017 | 09820001 | 598£169 | 0752029 | 3004027 | 0984001 | 238+0,10 0.99
ABIDE 3612041 | 0612010 | 2562032 | 0852004 | 4122068 | 0512017 | 2312026 | 083002 | 2.11%0.18 | 0.900.01
BGSP 2234010 | 03540.05 | L59+0.05 | 0.63+005 | 175014 | 055010 | 168+011 | 062003 | 171010 | 059+0.03
CoRR 4474027 | 0834010 | 264024 | 096001 | 5642072 | 0832004 | 3232034 | 0952001 | 2.50%0.20 0.97
IXI 14524060 | 0382007 | 6484046 | 0832004 | 6422119 | 0812010 | 5292048 | 0912001 | 467+0.58 | 0.93+0.01
OASIS 6284023 | 06640.02 | 288010 | 090001 | 3104001 | 086005 | 283+010 | 0914001 | 2.76+0.11 | 0.91+0.01
SALD 5762030 | 0914001 | 409+037 | 095001 | 4352025 | 093001 | 408032 | 0952001 | 3.83%0.55 | 0.95+0.02
* MAE(Mean Abosclute Error, mean + std), PCC(Pearson Correlation Coefficient, mean + std)
Wy AHHE A% oz BEdE wW2e CNN, Aol shFolut A% g WHES dste] 7zt do]
ResNet 292 435t 45 H7tE Aot ALY 13 5AES AU BES e WHE 48
I 2v mdd Ae 3 A3%E dEda o g Ao, HFHoR ¥ AHANFY H5E 1=
At e @ ojnx] 7|Hk CNN EHHT B 3lgk o Aol
dolg Ao A 53 Aes BRI ves B W
A% ResNet EERU} fFoujst A5 F4S
BAA T BGSP "HelHAld A= @Y onx] 7]yt Acknowledgement
ResNet Bdlo] 7} =2 A5S Eth o] A= AR (HTIEARFA Y] Ador S
BGSP dlolHAlY ZH$ @Y ouAE A& TAE] X YEs ol aE ATU(RS-2023-00208397).
ResNet ®dlo] 1 =2 AH5S HIor, dirdo 2 ATE BIEAREAE 2 GV E 79
2 3|y wds A oF Bg 2do] ¢ ¢ ATA s IANJNAFIANY A7 A= FREHAS
T3l AH5S Hth BGSP dlolgAle] A9 tE (I'TP-2023-RS-2023-00256629)
dolg Al 7 @2 MAEZF =4 Yo+ v, gjoj& 2 Ay BEARETANT 9 FHEAT] S 9
FHATF7E Aoz dASHA Eolds g SHCT A FAIE A ATAN= T NS
T AAT (ITP-2024-RS-2024-00437718)
Atd s EEs S Az Wy duHE
Agstes o] ¥ A dFeA Fag TS A ESgn ey |
Abshe glE 4 Tk [1] J. H Cole, K Franke, "Predicting age using
neuroimaging: innovative brain ageing biomarkers,”
5. 28 Trends in Neurosciences, vol. 40, no. 12, pp. 681-690,

oA Fo = thkst g do]E Al A 3
T1 ©< MRI " o]EE 283 3D CNN 722 ¥
A9 o= muo gotstgdrl. thopst o] o] ¥

)

=71

==
A zre] Awyge §A3k7] 918 MRI A4 347
2 Azom, FMazn WA Ang 4w B§
Ak, ol: HuAd WA ARE T 2E B
9o o B A3 45e wel, ¥ ARdS A
S wde] Fo4e A 5 ok oA
W oRE dolEAe B9 v Aitsss 3
oA olnA] 277 FaHel, o]z s AY F
2% Aust EA5US Aol AL FAY 5

3
FF AFelM = olvA AV] AlE ERHew
A e ool o5 flal

=l

2017.

[2] J. H Cole, R. P. Poudel, D. Tsagkrasoulis, M. W.
Caan, C. Steves, T. D. Spector, G. Montana, "Predicting
brain age with deep learning from raw imaging data
results and heritable
Neurolmage, vol. 163, pp. 115-124, 2017.
[3] J. Sun, Z. Ty, D. Meng, Y. Gong, M. Zhang, J. Xu,
"Interpretation for individual brain age prediction based

in a reliable biomarker,”

on gray matter volume,” Brain Sciences, vol. 12, no. 11,
p. 1517, 2022.

[4] Joo, Yoonji, et al. "Brain age prediction using
combined deep convolutional neural network and
multi-layer perceptron algorithms.” Scientific Reports
13.1, 2023.

-721 -



ACK 2024 st=atEfs| =2%! (313 23)

[6] Sun, Jiancheng, et al. "Interpretation for individual
brain age prediction based on gray matter volume.”
Brain Sciences 12.11, 2022.

[6] He, X, Wang, A. Q, Sabuncu, M. R., "Neural
pre-processing: A learning framework for end-to—end
brain MRI pre—processing,” in International Conference
on Medical Image Computing and Computer-Assisted
Intervention, Cham, Switzerland, 2023, pp. 258-267.

[7] Sun, X, Shi, L., Luo, Y., Yang, W., Li, H, Liang,
P., Wang, D., "Histogram—based normalization technique
on human brain magnetic resonance images from
different acquisitions,” Biomedical Engineering Online,
vol. 14, pp. 1-17, 2015.

[8] Kumari, LK Soumya, and R. Sundarrajan. "A
review on brain age prediction models.” Brain Research,
2023

[9] A. Di Martino, C. G. Yan, Q. Li, E. Denio, F. X.
Castellanos, K. Alaerts, M. P. Milham, "The autism
brain imaging data exchange: towards a large—scale
evaluation of the intrinsic brain architecture in autism,”
Molecular Psychiatry, vol. 19, no. 6, pp. 669-667, 2014.
[10] A. J. Holmes, M. O. Hollinshead, T. M. O'Keefe,
V. L Petrov, G. R. Fariello, L. L. Wald, B. Fischl, B. R.
Rosen, R. W. Mair, J. L. Roffman et al, "Brain
genomics superstruct project initial data release with
structural, functional, and behavioral measures,”
Scientific Data, vol. 2, p. 150031, 2015.

[11] X. N. Zuo, J. S. Anderson, P. Bellec, R. M. Bin,
B. B. Biswal, J. Blautzik, J. Breitner, R. L. Buckner, V.
D. Calhoun, F. X Castellanos, "An open science
resource for establishing reliability and reproducibility
in functional connectomics,” Scientific Data, vol. 1, pp.
1-13, 2014.

[12] IXI Dataset,
https://brain-development.org/ixi—dataset/.
[13] P. J. LaMontagne, S. Keefe, W. Lauren, C. Xiong,
E. A Grant, K L. Moulder, J. C. Moaris, T. L.
Benzinger, D. S. Marcus, "OASIS-3: Longitudinal

neuroimaging, clinical, and cognitive dataset for normal

Available:

aging and Alzheimer's disease,” Alzheimer's &
Dementia: The Journal of the Alzheimer's Association,
vol. 14, no. 7, p. P1097, 2018.

[14] D. Wei, K. Zhuang, L. Ai, Q. Chen, W. Yang, W.
Liu, J. Qiu, "Structural and functional brain scans from

the cross—sectional Southwest University adult lifespan
dataset,” Scientific Data, vol. 5, no. 1, pp. 1-10, 2018.
[15] Penny, William D., et al,, eds. Statistical parametric
mapping: the analysis of functional brain images.
Elsevier, 2011.

-1722 -





