
Accepted Manuscript

Reading the (functional) writing on the (structural) wall: Multimodal fusion of brain
structure and function via a deep neural network based translation approach reveals
novel impairments in schizophrenia

Md Faijul Amin, Sergey M. Plis, Adam Chekroud, Devon Hjelm, Eswar Damaraju, Hyo
Jong Lee, Juan R. Bustillo, KyungHyun Cho, Godfrey D. Pearlson, Vince D. Calhoun

PII: S1053-8119(18)30661-X

DOI: 10.1016/j.neuroimage.2018.07.047

Reference: YNIMG 15138

To appear in: NeuroImage

Received Date: 25 June 2017

Revised Date: 16 July 2018

Accepted Date: 18 July 2018

Please cite this article as: Amin, M.F., Plis, S.M., Chekroud, A., Hjelm, D., Damaraju, E., Lee,
H.J., Bustillo, J.R., Cho, K., Pearlson, G.D., Calhoun, V.D., Reading the (functional) writing on the
(structural) wall: Multimodal fusion of brain structure and function via a deep neural network based
translation approach reveals novel impairments in schizophrenia, NeuroImage (2018), doi: 10.1016/
j.neuroimage.2018.07.047.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.neuroimage.2018.07.047


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Reading the (functional) writing on the (structural) wall:

multimodal fusion of brain structure and function via a deep neural

network based translation approach reveals novel impairments in

schizophrenia

Md Faijul Amina, Sergey M. Plisa,∗, Adam Chekroudb, Devon Hjelma, Eswar Damarajua,
Hyo Jong Leec, Juan R. Bustillod, KyungHyun Choe, Godfrey D. Pearlsonf,g, Vince D.

Calhouna,d,h

aThe Mind Research Network, 1101 Yale Blvd, Albuquerque, NM 87106, USA
bHuman Neuroscience Laboratory, Yale University, New Haven, CT 06520, USA

cDivision of Computer Science and Engineering, CAIIT, Chonbuk National University, Jeonju, South Korea
dDepartment of Psychiatry and Neurosciences, University of New Mexico, Albuquerque, NM 87131, USA

eCourant Institute & Center for Data Science, New York University, New York, NY 10012, USA
fOlin Neuropsychiatry Research Center, Hartford Hospital (IOL campus), Hartford, Connecticut

gDepartment of Psychiatry and Neurobiology, Yale University School of Medicine, New Haven, Connecticut
hDept. of Electrical and Computer Engineering, University of New Mexico, Albuquerque, NM 87131, USA

Abstract

This work presents a novel approach to finding linkage/association between multimodal brain

imaging data, such as structural MRI (sMRI) and functional MRI (fMRI). Motivated by the

machine translation domain, we employ a deep learning model, and consider two different

imaging views of the same brain like two different languages conveying some common facts.

That analogy enables finding linkages between two modalities. The proposed translation-

based fusion model contains a computing layer that learns “alignments” (or links) between

dynamic connectivity features from fMRI data and static gray matter patterns from sMRI

data. The approach is evaluated on a multi-site dataset consisting of eyes-closed resting

state imaging data collected from 298 subjects (age- and gender matched 154 healthy con-

trols and 144 patients with schizophrenia). Results are further confirmed on an independent

dataset consisting of eyes-open resting state imaging data from 189 subjects (age- and gender

matched 91 healthy controls and 98 patients with schizophrenia). We used dynamic func-

tional connectivity (dFNC) states as the functional features and ICA-based sources from
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