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Supplemental Methods 

Details of subjects’ characteristics, inclusion and exclusion criteria, recruitment  

Data derived from the subjects in this study will be used in other studies irrelevant to 

the theme of this study; some subjects who participated in this study also participated in 

intervention studies (psychological and imaging data used in this study were recorded 

before the intervention). Psychological tests and MRI scans not described in this study 

were performed together with those described in this study. All subjects were university, 

college, or postgraduate students, or recent graduates (<1 year) from these institutions 

and had normal vision. The subjects were recruited with advertisements introducing the 

study that were posted on bulletin boards at Tohoku University or sent to potential 

subjects via email. These advertisements and emails also specified the study’s exclusion 

and inclusion criteria. These exclusion criteria included handedness (left-handedness), 

mailto:takehi@idac.tohoku.ac.jp


the existence of metal in and around the body, claustrophobia, use of certain drugs 

(antipsychotic drugs, illicit psychoactive drugs, other drugs for psychiatric and 

neurological that are prescribed by doctors and so on), a history of certain psychiatric or 

neurological disease, and previous participation in related experiments. We provided 

self-report questionnaires to each potential subject to assess their history of psychiatric 

illness and recent drug use. The questionnaires required subjects to provide a detailed 

list of any recent drug use. No subject had neurological or psychiatric illnesses (due to 

the exclusion criteria). The assessments performed during and after recruitment were 

voluntary self-report. Handedness was evaluated using the Edinburgh Handedness 

Inventory 
1
. The score of > 0 toward right handedness was used as cut-off value, as has 

been done previously 
2
. Written informed consent was obtained from each subject in 

accordance with the Declaration of Helsinki (1991). This study was approved by the 

Ethics Committee of Tohoku University. 

 

Assessment of psychometric measures of general intelligence 

Raven’s Advanced Progressive Matrix RAPM; 
3
 was used to assess intelligence 

3
 and 

adjust for the effect of general intelligence on brain structures. As described similarly in 

our previous studies 
4, 5

, Raven’s Advanced Progressive Matrix 
3
 contains 36 nonverbal 

items requiring fluid reasoning ability. Each item consists of a 3 × 3 matrix with a 



missing piece to be completed by selecting the best of 8 alternatives. The score of this 

test (number of correct answers in 30 min) was used as an index of individual 

psychometric measure of intelligence. The RAPM was administered in a group setting 

in this study. The RAPM tests can be administered individually by a psychologist or 

trained test administrator, or administered on a group basis 
3
.  

 

The rationales for the model of the whole brain analyses 

We did not include negative emotion measures in the whole-brain multiple 

regression analyses investigating the association between SRE and rGMD. This is 

because we did not regard these measures as “confounding variables.” This is common 

in brain imaging correlation analyses of working memory capacity that do not include 

psychometric intelligence as a covariate e.g., 
6
 and brain imaging analyses of 

schizophrenia that do not include working memory capacity as a covariate e.g., 
7
. This is 

also common in whole-brain analyses of depression that do not include neuroticism as a 

covariate 
e.g., 8

. Instead, we regard these measures and SRE as having common or 

partially overlapping neural and cognitive bases that should not be and cannot be 

regressed out. For the same reasons, we believe that mediation analyses do not best fit 

our model or assumptions.  

 



Strength of VBM 

As summarized in our previous study 
9
, potential correlates of gray matter 

signals in VBM may include the number and size of neurons and glial cells, the level of 

synaptic bulk, and the number of neurites, 
10, 11

. However, this notion remains to be 

proven by histological studies. Gray matter structures are associated with various 

cognitive abilities, and investigation of these associations can identify the brain regions 

associated with specific cognitive abilities or characteristics e.g., 
5, 12

. Structural 

imaging thus provides unique and distinctive information about the neural origin of 

individual cognitive characteristics.  

 

Segmentation and normalization processes of VBM 

Using our new segmentation algorithm implemented in SPM8, T1-weighted 

structural images obtained for each subject were segmented into 6 tissues. In this 

process, the gray matter tissue probability map (TPM) was manipulated from maps 

implemented in the software so that the signal intensities of voxels (gray matter tissue 

probability of the default tissue gray matter TPM + white matter tissue probability of the 

default TPM) < 0.25 became 0. When this manipulated gray matter TPM is used, the 

dura matter is less likely to be classified as gray matter (compared with when the default 



gray matter TPM is used), without other substantial segmentation problems. The default 

parameters were used in this new segmentation process, except that affine regularization 

was performed using the International Consortium for Brain Mapping template for East 

Asian brains. We then proceeded to the Diffeomorphic Anatomical Registration 

Through Exponentiated Lie Algebra (DARTEL) registration process implemented in 

SPM8. In this process, we used DARTEL imported images of the 5 TPMs (we didn’t 

use the sixth image which mainly consisted of air space outside the brain) obtained with 

our abovementioned new segmentation process. First, the template for the DARTEL 

procedures was created using imaging data from 63 subjects who participated in a 

previous experiment in our laboratory and who participated in this project 
13

 and who 

have the same characteristics as the subjects in this study. As described previously 
14

, 

the first reason why we created the DARTEL template from images of the subjects and 

not from images of all subjects is because N = 63 is not a small number to create 

template compared with much of the previous studies and thus cannot be considered to 

be problematic. The second reason is the project which was introduced in subjects 

subsection and in which subjects of this study participated, is still ongoing and, 

DARTEL processes take huge amount of time and resultant images require storage 

resources, and everytime we change the number of subjects we cannot reprocess images 



of all subjects and add newer images based on the different number of subjects to our 

storage. 

Using this template, the DARTEL procedures were performed for all subjects 

in the present study using the default parameter settings. The resulting images were 

spatially normalized to the Montreal Neurological Institute (MNI) space to images with 

1.5 1.5  1.5 mm
3
 voxels. We did not perform a volume change correction 

(modulation) by modulating each voxel with the Jacobian determinants derived from 

spatial normalization 
15

.  

 

The reasons why we did not assume sex differences of anatomical correlates of SRE 

These analyses of interaction effects between the SESRA-S score and sex are irrelevant 

to the purpose of this study and are performed for the interest of the readers. The study 

background does not necessarily make us formulate hypotheses of the interaction effects 

of sex and SRE on rGMD and our previous studies mostly failed to find interaction 

effects between sex and cognitive differences of neural systems regardless that 

cognitions show sex differences 
16-22

. Further, sex differences of neural bases of 

cognition are popular but elusive concepts 
23

. Thus, the results were treated in an 

exploratory manner and multiple comparison corrections were not applied.  



 

Rationales for our statistical threshold and smoothing value of the whole brain imaging 

analysis 

In this non-isotropic cluster-size test of the random field theory, a relatively 

higher cluster-determining threshold combined with high smoothing values of 12 mm 

was shown to lead to appropriate conservativeness in real data 
24

. With high smoothing 

values, an uncorrected voxel-level threshold of P < 0.01 seems to lead to less 

conservative cluster level statistical values, whereas that of P < 0.001 seems to lead to 

slightly conservativeness cluster level statistical values 
24

. This cluster-determining 

threshold (P < 0.0025) has been used in a number of studies of VBM 
16, 25-33

. We used 

the VBM5/SPM5 software version for this test. This is because a previous validation 

study of this test using a real dataset 
24

 showed that the conditions of this non-isotropic 

adjusted cluster-size test were limited and depended on the smoothness of the data, as 

described above. However, there are substantial differences in the way that SPM8 and 

SPM5 estimate the actual FWHM in the areas analyzed, and this directly affects the 

cluster test threshold. Therefore, regardless of whether SPM5 or SPM8 is appropriate, 

our view is that the conditions for this non-isotropic adjusted cluster-size test described 

in the previous study 
24

 are no longer guaranteed in SPM8. This is because they are 



different analyses and produce substantially different results.  
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