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［２］研究経過（Research setup） 

Graph theoretical analysis of neuroimaging 

data is growing rapidly and could potentially 

provide a relatively simple but powerful 

quantitative framework to describe and compare 

whole human brain structural and functional 

networks under diverse experimental and clinical 

conditions. Prof. Taki’s group has built a 

large-scale of Japanese brain MRI database 

(around 2500 subjects aged from 6-80) with a 

variety of imaging modalities, including s-MRI, 

DTI, and rs-fMRI. Prof. Taki and I proposaled a 

new research regarding lifespan changes of 

human brain connectivity, which yields truly 

integrative and comprehensive descriptions of the 

structural and functional organization of the 

human brain. We construct structural brain 

networks by the measurement of regional gray 

matter volume (RGMV) using sMRI and the 

measurement of anatomical connection 

probabilities using DTI. We employ rs-fMRI to 

construct functional brain networks by 

measuring the temporal correlations in time 

courses (also referred to as functional 

connectivity).  

One of our previous studies demonstrate 

topological organization of functional brain 

networks in healthy children using resting-state 

fMRI and indicate network properties in relation to 

age, sex, and intelligence [1]. The recent progress of 

our study was to investigate age- and sex- related 

differences in structural cortical networks derived 

from DTI in healthy children. 

 

 

［３］成果（Research outcomes） 

（３－１）研究成果（Results） 

  The sample consisted of 291 subjects (146 boys, 

145 girls; age range, 5.6-18.4 years) [1]. All images 

were collected using a 3-T Philips Intera Achieva 

scanner. The diffusion-weighted data were acquired 

by using a spin-echo EPI sequence. Additionally, a 

data set with no diffusion weighting (b value=0 

s/mm2) (b=0 image) was acquired. 

  We constructed structural cortical networks 

using DTI by the methodology described in a 

previous studies [2]. Briefly, the whole brain was 

parcellated into 1024 regions with equal size, 

defined by a high-resolution parcellation of 

Automated Anatomical Labeling (AAL) atlas [3]. 

The number of interconnecting fibers was defined 

as the weight of the network edge, which results in 

a symmetric 1024*1024 matrix for each subject. 

Finally, a threshold of (T=3) was set to the weight of 

the network edge. To characterize the global and 

regional properties of structural cortical networks, 

we computed graph measures as follow: clustering 

coefficient, path length, local efficiency, global 

efficiency, small-worldness, modularity, mean 

anatomical distance, regional nodal efficiency, 

regional strength of anatomical distance [4]. 

We applied a general linear model (GLM) to 

analyze the effects of age, sex, and their 

interaction on the network parameters. To detect 

the development trajectories of the linear and 

quadratic age-related changes in each network 

parameter, we used two multiple linear 

regressions (Model I and II) that modeled mean 



 

value, age, and age2 as predictors, with sex as a 

covariate. We then determined the best model 

among the two regressions based on Akaike’s 

information criterion (AIC). 

  Significant age- and sex-related differences were 

found in both global and regional network 

properties. Global efficiency and mean anatomical 

distance were positive correlated with age, while 

path length and modularity were negative 

correlated with age (p<0.05). Girls showed 

significantly higher values in clustering coefficient, 

local efficiency, global efficiency, and 

small-worldness, compared with boys. Boys showed 

significantly higher values in path length, 

compared with girls (p<0.05). Global hubs defined 

by regional nodal efficiency were predominately in 

frontal and parietal brain regions (Figure 1).  

 

 

Figure 1. Global hubs in structural cortical 

networks. 

 

Global hubs defined as the brain regions showing higher 

values in regional nodal efficiency (> mean + SD).  The 

correlation between age and the Pearson correlation 

coefficient, which was defined as the association of hub 

distribution between the global hubs shown in (A) and those 

in each individual. Note that the results were calculated after 

adjusting for the effects of brain size and sex, using a general 

linear model. 

 

  Importantly, the global hubs pattern was 

non-significantly correlated with age and thus kept 

relatively stable across the age range of 6-18 years. 

Age-related increases in the regional nodal 

efficiency were found in the medial prefrontal, 

lateral frontal, medial temporal, parietal, and 

occipital brain regions (Figure 2). Significant 

sex-related differences in the regional nodal 

efficiency were found in various brain regions, 

primarily in the medial prefrontal, parietal, and 

occipital brain regions. 

  To our knowledge, this is the first study to reveal 

age- and sex-related changes in topological 

organization of structural cortical networks in a 

large number of healthy children. Our findings of 

the network topology of structural cortical networks 

with normal development bring new insights into 

the understanding of brain maturation and 

cognitive development during childhood and 

adolescence. 

 

Figure 2. Significant age-related changes in 

regional nodal properties. 

 

Significant age-related differences in regional nodal efficiency 

(p<0.05, FDR-corrected). Significant age-related differences in 

regional strength of anatomical distance (p<0.05, 

FDR-corrected) 



 

  （３－２）波及効果と発展性など（Future 

perspectives） 

   With the support of this project, Prof. Taki’s 

group and my group have established a 

mechanism of international joint research. The 

group of Prof. Taki focuses on the construction of a 

huge database of MRI images and its application 

in the studies of normal aging, development, and 

life style related topics. My group is engaged in 

developing new methods of human connectome 

analysis and machine learning and applying 

these methods into the studies of healthy subjects 

and patients with brain diseases. We hope that 

this kind joint research could be approached in 

the future. 
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