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[bookmark: bbib46][bookmark: _Hlk486291537][bookmark: _Hlk528013456]Subjects. The present study, which is a part of an ongoing project to investigate the association between brain imaging, cognitive function, and aging, included relevant SES measures and imaging data from 1216 healthy, right-handed individuals (702 men and 514 women). This project has started in 2008 and still is continuing. The mean age of the subjects was 20.7 years [standard deviation (SD), 1.8; age range: 18-27 years old]. The following descriptions were mostly reproduced from another study of ours from the same project using the exactly same methods regarding these issues (Takeuchi et al., 2015a). Some of the subjects who took part in this study also became subjects of our intervention studies (psychological data and imaging data recorded before the intervention were used in this study)(Takeuchi et al., 2014). Psychological tests and MRI scans not described in this study were performed together with those described in this study. All subjects were university students, postgraduates, or university graduates of less than one year’s standing. Four subjects had graduated at the time of the experiment and their removal did not alter the significance of the present findings. All subjects had normal vision and none had a history of neurological or psychiatric illness. Handedness was evaluated using the Edinburgh Handedness Inventory (Oldfield, 1971). Written informed consent was obtained from each subject. For nonadult subjects, written informed consent was obtained from their parents (guardians). This study was approved by the Ethics Committee of Tohoku University.
Subjects were instructed to get sufficient sleep, maintain their conditions, eat sufficient breakfast, and to consume their normal amounts of caffeinated foods and drinks in the day of cognitive tests and MRI scans. In addition, subjects were instructed to avoid alcohol the night before the assessment. 

Psychological measures.
The following neuropsychological tests and questionnaires were administered to subjects: 
(A) Raven’s Advanced Progressive Matrices (RAPM) (Raven, 1998), a non-verbal reasoning task; (B) Tanaka B-type intelligence test (TBIT) type 3B (Tanaka et al., 2003). This test is for examinees in their 3rd-year of junior high school and older. This test is a nonverbal mass intelligence test which does not include story problems but uses figures, single numbers, and letters as stimuli. In all subtests, subjects had to complete as many problems as possible within a certain time (a few minutes); (C) A reading comprehension task (Kondo et al., 2003). This test involves several articles. Each article has four questions and each question has five choices of answers. Subjects have 13 minutes to read the articles and answer the questions; (D) the S-A creativity test (Society_For_Creative_Minds, 1969), a measure of creativity measured by divergent thinking (CMDT). A detailed discussion of the psychometric properties of this instrument and how it was developed is found in the technical manual of this test (Society_For_Creative_Minds, 1969). The test was used to evaluate creativity through divergent thinking (Society_For_Creative_Minds, 1969). Subjects were asked to generate as many answers as possible to specific questions. For more details including the psychometric properties of this test, sample answers to the questionnaire, and the manner in which they were scored, see our previous works (Takeuchi et al., 2010a;c); [E] A (computerized) digit span task, a verbal WM task (for the detail of this task, seeTakeuchi et al., 2011b). [F] SQ and EQ questionnaires. Japanese versions (Wakabayashi et al., 2007) of the SQ and EQ questionnaires (Baron-Cohen et al., 2003;Baron-Cohen and Wheelwright, 2004) were administered. The EQ score was used as an index of empathizing (drive to identify the mental status of other individuals), and the SQ score was used as an index of systemizing (drive to analyze a system); [G] the Japanese version of the Emotional Intelligence Scale (Fukunishi et al., 2001;Uchiyama et al., 2001), a measure of emotional intelligence. The Emotional Intelligence Scale is a self-reported measurement that provides an estimate of emotional and social intelligence. Total score of this scale was used in this study; (G) General Health Questionnaire 30 (GHQ30), a measure of mental health (Nakagawa and Daibo, 1996); (H) WHOQOL-26 (Tazaki and Nakane, 2007), the Japanese version of the QOL Scale; (I) the Scale for Critical Thinking Disposition (Hirayama and Kusumi, 2004), a measure of disposition toward critical thinking; (J) the cognitive reflectivity–impulsiveness questionnaire (Takigiku and Sakamoto, 1991), a measure of individual differences in reflectivity and impulsivity; (K) the Japanese version of the Need for Cognition Scale (Kouyama and Fujiwara, 1991), a measure of the tendency of an individual to engage in and enjoy thinking; (L) the Japanese version of the Achievement Motivation Scale (Horino and Mori, 1991), a measure of individual achievement motivation. This questionnaire evaluates two psychometrically derived achievement motivations, i.e., self-fulfillment achievement motivation (SFAM) and competitive achievement motivation (CAM) (Horino and Mori, 1991). SFAM is achievement motivation directed at pursuing goals evaluated by one’s own standards of achievement regardless of the values of others and the society. CAM is achievement motivation directed at seeking social prestige by defeating others and achieving better results than others; (M) the Japanese version (Yamamoto, 1982) of the Rosenberg Self-Esteem Scale (RSES) (Rosenberg, 1965), a measure of global trait self-esteem; (N) the National Identity Scale (Karasawa, 2002), a measure of individual nationalism and patriotism. This questionnaire is a self-reported measure of Japanese national identity and has been used for measuring Japanese national identity; (O) the Japanese version of the Optimism Scale (Nakamura, 2000), a questionnaire to measure individual optimism and pessimism; (P) the Japanese version (Narita et al., 1995) of the General Self-Efficacy Scale (Sherer et al., 1982), a questionnaire to measure individual general self-efficacy. General self-efficacy is defined as individuals’ perception of their ability to perform across various different situations (Judge et al., 1998); (Q) the Japanese version (Kudoh and Nishikawa, 1983) of the third version of the UCLA Loneliness Scale (Russell et al., 1980), a questionnaire to measure social isolation and loneliness; (R) the Japanese version (Aratake et al., 2007) of the checklist individual strength questionnaire (CIS), developed by Vercoule et al. (1994), a measure of chronic fatigue; (S) the Japanese version (Hayashi and Takimoto, 1991) of the Beck Depression Inventory, a questionnaire that measures depression states (Beck et al., 1979); (T) the Japanese (Shimizu and Imae, 1981) version of State-Trait Anxiety Inventory (STAI) (Spielberger et al., 1999), a questionnaire that measures state and trait anxiety; (U) the shortened Japanese version (Yokoyama, 2005) of the Profile of Mood States (POMS) questionnaire (McNair et al., 1992), a measure of each participant’s mood during the preceding week. The total score (total mood disturbance) was used in this study; (V) The Japanese version of the NEO Five-Factor Inventory (NEO-FFI) (Costa and McCrae, 1992), a measure of five basic personalities, including neuroticism, extraversion, openness, agreeableness, and conscientiousness; (W) the Japanese version (Sawada and Arai, 2002) of the Dispositional Envy Scale (Smith et al., 1999), a questionnaire to measure the propensity for envy; (X) the Preoccupation Scale (Sakamoto, 1998), which includes the External-Preoccupation Scale that measures the maintenance of external focus on a specific object, and the Self-Preoccupation Scale, which measures both the degree and duration of self-focusing; (Y) the Scale of Egalitarian Sex Role Attitudes-Short Form (SESRA-S) (Suzuki, 1994), a self-report questionnaire used to measure an individual’s sex-role egalitarianism (SRE), which is the belief that the sex of an individual should not influence the perception of his/her rights, abilities, obligations, and opportunities (Ben-David and Schneider, 2005); and (Z) Scale of life events in interpersonal and achievement domains (Takahira, 1998), a measure of students’ negative and positive events. The scores were divided into negative life event scores and positive life event scores. 

[bookmark: _Hlk481185225]The rationale and basic explanation of the FDR test. FDR is the error rate in the set of comparisons that are called signiﬁcant, or, in other words, the proportion of comparisons which are wrongly called signiﬁcant In other words, among the multiple tested results, 5% of the results determined to be significant through this method, are not truly significant. In FDR testing, if there is truly no signal (nonnoise) anywhere in the tested results, an FDR-controlling method has the same control as a family-wise error correction. FDR-based methods have been shown to be more powerful and sensitive than other available approaches to multiple statistical testing (See Benjamini and Hochberg, 1995 for a full discussion;Genovese et al., 2002). The description is reproduced from our previous study (Takeuchi et al., 2013c). 

[bookmark: _GoBack]Details of diffusion image acquisition. There are acquisitions for phase correction and for signal stabilization and these are not used as reconstructed images. MD and FA maps were calculated from the collected images using a commercially available diffusion tensor analysis package on the MR consol. This practice has been used in many of our previous studies (Takeuchi et al., 2010b;Takeuchi et al., 2010c; 2011a;Takeuchi et al., 2013b;Takeuchi et al., 2013d). Furthermore, the results of analyses using these image-generated results were congruent with those of previous studies in which other methods were used (Barnea-Goraly et al., 2005;Taki et al., 2013), suggesting the validity of this method. These procedures involved correction for motion and distortion caused by eddy currents. Calculations were performed according to a previously proposed method (Le Bihan et al., 2001). The descriptions in this subsection were largely reproduced from our previous study that used the same methods (Takeuchi et al., 2016).

Pre-processing of structural data. The methods for the preprocessing of T1WIs were described in our previous study and reproduced below (Takeuchi et al., 2018). Preprocessing of the structural data was performed using Statistical Parametric Mapping software (SPM12; Wellcome Department of Cognitive Neurology, London, UK) implemented in Matlab (Mathworks Inc., Natick, MA, USA). Using the new segmentation algorithm implemented in SPM12, T1-weighted structural images of each individual were segmented into 6 tissues. In this new segmentation process, default parameters were used, except that the Thorough Clean option was used to eliminate any odd voxel, affine regularization was performed with the International Consortium for Brain Mapping template for East Asian brains, and the sampling distance was set at 1 mm. We then proceeded to the diffeomorphic anatomical registration through exponentiated lie algebra (DARTEL) registration process implemented in SPM12. We used DARTEL import images of the 2 TPMs from the abovementioned new segmentation process. First, the template for the DARTEL procedures was created using imaging data from 800 participants (400 males and 400 females). The following methods were the same as in our previous study and descriptions were reproduced from our previous study (Takeuchi et al., 2015c). Next, using this existing template, the DARTEL procedures were performed for all of the subjects in the present study. In these procedures, default parameter settings were used. The resulting images were spatially normalized to the Montreal Neurological Institute (MNI) space to give images with 1.5 1.5  1.5 mm3 voxels. In addition, we performed a volume change correction (modulation) by modulating each voxel with the Jacobian determinants derived from spatial normalization, which allowed us to determine regional differences in the absolute amount of brain tissue (Ashburner and Friston, 2000). Subsequently, normalized rGMV, rWMV, and rCSF volume images were smoothed by convolving them with an isotropic Gaussian kernel of 8 mm full width at half maximum (FWHM).

Pre-processing of diffusion data
The methods for the preprocessing of diffusion data were described in our previous study and reproduced below (Takeuchi et al., in press). Preprocessing and analysis of diffusion data were performed using Statistical Parametric Mapping (SPM) 8 implemented in Matlab. Using a previously validated two-step new segmentation algorithm of diffusion images and the previously validated diffeomorphic anatomical registration through exponentiated lie algebra (DARTEL)-based registration process (Takeuchi et al., 2013b), all images, including gray matter segment [regional gray matter density (rGMD) map], white matter segment [regional white matter density (rWMD) map], cerebrospinal fluid (CSF) segments [regional CSF density (rCSFD) map] of diffusion images, were normalized. The voxel size of normalized FA images and MD images and segmented images, was 1.5  1.5  1.5 mm3. See our previous work (Takeuchi et al., 2013a) for the details of these procedures including the information of the template. 
Next, we created average images of normalized rGMD and rWMD images from the normalized rGMD and rWMD images from the subset of the entire sample (63 subjects) (Takeuchi et al., 2013b). Subsequently, for the analyses of MD images from the normalized images of the (a) MD, (b) rGMD, and (c) rCSFD maps, we created images where areas that were not strongly likely to be gray or white matter in our averaged normalized rGMD and rWMD images (defined by “gray matter tissue probability + white matter tissue probability < 0.99”) were removed (to exclude the strong effects of CSF on MD throughout analyses). These images were then smoothed (8 mm full-width half-maximum) and carried through to the second-level analyses of MD.
Next, from the average image of normalized WM segmentation images from the 63 subjects mentioned above and from the created mask image consisting of voxels with a WM signal intensity > 0.99. The thresholding procedures of the MD and FA images were performed with these procedures with the template after careful normalization of each individual’s images and not with the individual images’ signal intensities. We then applied this mask image to the normalized FA image; therefore, we retained only areas that are highly likely to be white matter from the normalized FA images. These images were smoothed (6 mm full-width half-maximum) and carried through to the second-level analyses of FA. 
[bookmark: _Hlk518410985]A smaller smoothing value was chosen in FA because although 8 mm FWHM is relatively common in imaging analyses, FA values differ substantially among adjacent tracts, and use of larger smoothing variables contaminate signals from different tracts more and this makes larger smoothing values unfavorable.
These preprocessing procedures utilized the new SPM8 segmentation and modified DARTEL procedures that take into account the FA signal distribution in white matter tissues and that effectively solve the misalignment problem of voxel-based analyses of FA (Smith et al., 2006). By applying the masks of tissue probability >0.99 before smoothing, this method also effectively alleviates the partial volume effects and the problems of signal contamination from other tissues in voxel-based analyses of FA (Smith et al., 2006). For the quantitative and visual demonstration of the validity of these methods, see supplemental online material for our previous work (Takeuchi et al., 2013a). 
We did not use T1 weighted structural images for these preprocessing procedures. As described previously “This is because T1 weighted structural images and EPI images have apparent differences due to the distortion caused by 3T MRI and simply it is apparently not suited for the accurate and precise segmentation and normalization images of MD maps.” (Takeuchi et al., 2015b).

The reasons why we were using different versions of SPM.
We used SPM12 for VBM preprocessing and SPM8 for statistical analyses because of the compatibility of the software that we used for permutation-based statistics (TFCE) and of the script we used for the statistical analyses. If permutation tests were used, the results were not affected by the version of SPM. Also, in the case of preprocessing of DTI images, apparently, our preprocessing procedures did not go well with SPM12 and quality of the resultant images was not good.  
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