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Determining the relationship between the entire brain structure and individual differences is important in extending healthy life expectancy, which can be affected by brain atrophy. The entire brain structure has been gradually known to be correlated not only with age but also with individual differences, such as quality of life, general intelligence, and lifestyle. However, little attention has been paid to the relationship between the entire brain structure and personal traits. We herein focused on one personal trait, namely spiritual growth, and examined its relationship with the entire brain structure using two neuroimaging-derived measures, namely the gray matter Brain Healthcare Quotient (GM-BHQ), a measure of GM volume, and the fractional anisotropy Brain Healthcare Quotient (FA-BHQ), a measure of white matter (WM) integrity, in 229 healthy participants (53 female, 176 male). The results indicated no significant relationship between the GM-BHQ and spiritual growth, but there was a significant positive correlation between the FA-BHQ and spiritual growth after controlling for age, sex, and body mass index (BMI) with partial correlation analysis. Furthermore, multiple regression analysis revealed a significant positive correlation between the FA-BHQ and spiritual growth after controlling for physical characteristics, such as age, sex, and BMI, as well as other variables related to lifestyle that were collected using the Health-Promoting Lifestyle Profile. These results support the idea that there is a relationship between the entire WM brain structure and spiritual growth. Further studies are required to clarify the causal relationship between the entire WM brain structure and spiritual growth with some interventions to improve spiritual growth. Such studies will help extend healthy life expectancy from a new perspective of personal trait.
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INTRODUCTION

Life expectancy is increasing continuously and substantially; hence, extending healthy life expectancy is very important. One of the greatest causes of the gap between life expectancy and healthy life expectancy is brain atrophy (Kramer et al., 2007; Granholm et al., 2008; Henneman et al., 2009; Ahdidan et al., 2011). It has been gradually known that the entire brain structure is correlated not only with age but also with individual differences, such as quality of life (QOL), general intelligence, and lifestyle factors, such as physical activity, smoking, vegetable intake, fatigue, and stress (Nemoto et al., 2017; Kim et al., 2018; Kokubun et al., 2018; Cox et al., 2019; Kokubun and Yamakawa, 2019; Ourry et al., 2021). However, little attention has been paid to the relationship between the entire brain structure and personal traits that can advance our knowledge of brain atrophy and aid in its prevention.

This study focused on spiritual growth, a subscale of the Health-Promoting Lifestyle Profile II (HPLP II) (Walker et al., 1987; Walker and Hill-Polerecky, 1996), as a personal trait. Walker and Hill-Polerecky (1996) suggested that spiritual growth focuses on the development of inner resources and is achieved through “transcending,” “connecting,” and “developing.” Transcending enables us to have new options for becoming something more by going beyond who we are and helps us develop inner peace. Connecting is the feeling of harmony, wholeness, and connection with the universe. Developing involves maximizing human potential for wellness by searching for meaning, finding a sense of purpose, and working toward one’s goals in life (Walker and Hill-Polerecky, 1996). Previous studies have shown that spiritual growth is positively correlated with age and QOL and negatively correlated with depression, anxiety, and hostility (Frame et al., 2005; Chang et al., 2010; Tyszka and Farber, 2010; Rakhshani et al., 2014). Importantly, other studies have indicated that some interventions, such as online self-esteem intervention and relaxation response practice, improve spiritual growth (Chang et al., 2010; Robinson-Whelen et al., 2020); that is, spiritual growth is a modifiable personal trait. Furthermore, there were no significant cultural differences between American and Japanese cohorts (Kemppainen et al., 2011). Thus, we can conclude that spiritual growth is related to long-term inner personal growth until the end of life and with the quality of the whole life, and there may be a relationship between the entire brain structure and spiritual growth.

We undertook a cross-sectional study, focusing on the Brain Healthcare Quotient (BHQ), an index for brain healthcare, to investigate the relationship between spiritual growth and the entire brain structure. BHQ includes two subordinate indices: the gray matter (GM)-BHQ, based on the volume of the GM of the whole brain, as assessed by voxel-based morphometry, and the fractional anisotropy (FA)-BHQ, based on the FA value of the white matter (WM) integrity of the whole brain, as assessed by diffusion tensor imaging (DTI) (Nemoto et al., 2017). The GM-BHQ is inversely correlated with age and negative wellbeing, such as obesity, fatigue, and stress (Nemoto et al., 2017; Kokubun et al., 2018) and is positively correlated with positive traits, such as curiosity, grit, and self-efficacy (Kokubun et al., 2020b). The FA-BHQ is inversely correlated with age and is positively correlated with a sense of life improvement that is assessed by two preliminary questions (“How is your life now compared to this time last year?” and “How do you think your life will be in the future?”) (Nemoto et al., 2017). As these whole-brain indices are correlated with age, wellbeing, and some personal traits, they can be useful indices to investigate the relationship between the entire brain structure and spiritual growth.

The aim of this study was to elucidate the relationship of spiritual growth with the GM-BHQ and FA-BHQ. We hypothesized that the two BHQ measures have a positive correlation with spiritual growth. In addition, we explored the relationship between the two measures and spiritual growth after controlling for variables related to lifestyle, as previous studies have also indicated some correlations between the entire brain structure and lifestyle.



MATERIALS AND METHODS


Participants

We recruited 229 healthy participants (53 females, 176 males) aged 22–63 years (mean age = 42.4 years, SD = 10.9 years) in Tokyo, Japan. At the time of recruitment, potential participants with a history of neurological, psychiatric, or medical conditions were excluded. This study was approved by the ethics committees of the Tokyo Institute of Technology (approval number: 2019066) and was conducted in accordance with the guidelines and regulations of the institute. All participants provided written informed consent before participation.



Measures


Body Mass Index

The body mass index (BMI) is a statistical measure of the weight of a person scaled according to height and is calculated as weight (kg)/height (m)2. Previous studies indicated that BMI was inversely correlated with the GM-BHQ (Nemoto et al., 2017; Kokubun et al., 2020a).



Spiritual Growth

We used the spiritual growth subscale of the HPLP II scale to measure spiritual growth. The HPLP II has 52 items and six subscales: spiritual growth (HPLP_SG), health responsibility (HPLP_HR), physical activity (HPLP_PA), nutrition (HPLP_N), interpersonal relations (HPLP_IR), and stress management (HPLP_SM). This scale measures health-promoting lifestyles that maintain or enhance the level of wellness, self-actualization, and fulfillment of an individual. Participants were asked to rate their agreement to items on a 4-point Likert scale. In our study, a Japanese version of the HPLP II (Wei et al., 2000) was used. The nine-item spiritual growth subscale is listed in Appendix.




Magnetic Resonance Imaging Data Acquisition

Magnetic resonance imaging (MRI) data were collected using a 3T scanner (MAGNETOM Prisma; Siemens, Germany) with a 32-channel head array coil located at the Tokyo Institute of Technology. High-resolution structural images were acquired using a three-dimensional (3D) T1-weighted magnetization-prepared rapid-acquisition gradient echo (MP-RAGE) pulse sequence (repetition time (TR) = 1,900 ms, echo time (TE) = 2.52 ms, inversion time, 900 ms, flip angle = 9°, matrix size = 256 × 256, field of view (FOV) = 256 mm, slice thickness = 1 mm). DTI were acquired using spin-echo echo-planar imaging (SE-EPI) with generalized autocalibrating partially parallel acquisitions (GRAPPA) (TR = 14,100 ms, TE = 81 ms, flip angle = 90°, matrix size = 114 × 114, FOV = 224 mm, slice thickness = 2 mm). A baseline image (b = 0 s/mm2) and 30 different diffusion orientations were acquired with a b value of 1,000 s/mm2.



Magnetic Resonance Imaging Data Analysis

T1-weighted images were preprocessed and analyzed using Statistical Parametric Mapping 12 (SPM12; Wellcome Trust Centre for Neuroimaging, London, United Kingdom) using MATLAB R2015b (Mathworks Inc., Sherborn, MA, United States). In the preprocessing steps, segmentation, bias correction, and spatial normalization were incorporated into a single generative model (Ashburner and Friston, 2005). First, each image was segmented into GM, WM, and cerebrospinal fluid (CSF) images using SPM12 prior probability templates. To aid segmentation by correcting for scanner-induced smooth intensity differences that varied in space, the intensity non-uniformity bias correction was applied. Second, the segmented GM images were spatially normalized using the diffeomorphic anatomical registration through exponentiated lie algebra (DARTEL) algorithm (Ashburner, 2007). A modulation step was incorporated during the normalization step to reflect the regional volume and preserve the total GM volume from before the warp. Third, all segmented and normalized images were smoothed with an 8-mm full width at a half-maximum (FWHM) Gaussian kernel. Additionally, to control for differences in the whole-brain volume across participants, proportional GM images were generated by dividing these segmented, normalized, and smoothed GM images by intracranial volume (ICV). The ICV was calculated by summing the global volumes of GM, WM, and CSF, each of which was estimated as the total number of voxels multiplied by the voxel size for each subject.

Next, the GM-BHQ for each participant was calculated using the proportion of GM. The concept of GM-BHQ calculation is similar to the intelligence quotient. Each mean value was defined as GM-BHQ 100, and each SD was defined as 15 GM-BHQ points in a sample. By this definition, 68% of the population is between GM-BHQ 85 and GM-BHQ 115, and 95% of the population is between GM-BHQ 70 and GM-BHQ 130. In this research, we used the database of Nemoto et al. (2017) as a sample to calculate the GM-BHQ. In the database, data from 144 healthy participants (64 females, 80 males; mean age = 48.4 years, SD = 8.1 years) were acquired using a 3T scanner (MAGNETOM Verio or MAGNETOM Prisma, Siemens, Germany) with a 32-channel head array coil at RIKEN, Kyoto University, and the University of Tokyo with the same parameters as those used by Nemoto et al. (2017). First, individual GM quotient images were calculated using the following formula: 100 + 15 × (individual proportional GM - mean)/SD. Second, regional GM quotients were extracted using an automated anatomical labeling (AAL) atlas (Tzourio-Mazoyer et al., 2002). Finally, the GM-BHQ was obtained by averaging across regional GM quotients.

DTI data were preprocessed and analyzed using the FMRIB Software Library (FSL) 5.0.9 (Jenkinson et al., 2012). First, motion and eddy current distortion was corrected based on each b0 image using eddy_correct. Second, FA maps were created using dtifit. Third, FA maps were normalized to the standard Montreal Neurological Institute (MNI) space using FMRIB’s Linear Image Registration Tool (FLIRT) and FMRIB’s Non-linear Image Registration Tool (FNIRT). The resulting FA maps were smoothed using an 8-mm FWHM Gaussian kernel. Next, the FA-BHQ for each participant was calculated with normalized and smoothed FA images in the same manner as the GM-BHQ calculation, using the database of Nemoto et al. (2017) as a sample. First, individual FA quotient images were calculated using the following formula: 100 + 15 × (individual FA - mean)/SD. Second, regional FA quotients were extracted using Johns Hopkins University (JHU) ICBM-DTI-81 WM atlas tract labels (Mori et al., 2008) by registering the JHU FA image to MNI. Finally, the FA-BHQ was obtained by averaging across 81 regional FA quotients.



Statistical Analysis

First, we calculated the Pearson correlation coefficients among the GM-BHQ, FA-BHQ, age, BMI, HPLP_SG, HPLP_HR, HPLP_PA, HPLP_N, HPLP_IR, and HPLP_SM, after checking the following criteria: (1) The mean is approximately equal to the median. (2) The SD is relatively small. (3) The skewness is nearly zero. (4) Kurtosis is nearly zero. (5) Each data of the QQ plot is almost on a straight line. We also calculated the Spearman correlation coefficients of sex with other variables. Second, we examined the Pearson partial correlation coefficients among the GM-BHQ, FA-BHQ, HPLP_SG, HPLP_HR, HPLP_PA, HPLP_N, HPLP_IR, and HPLP_SM, after controlling for sex, age, and BMI. Third, we performed multiple regression analysis to investigate whether there was a relationship between the entire brain structure and spiritual growth by controlling for age, sex, BMI, and variables related to lifestyle. In this analysis, we used mean-centered variables to avoid multicollinearity issues. Sex, age, and BMI were included as control variables; the dependent variables included the GM-BHQ and FA-BHQ, and the independent variables included the HPLP_SG, HPLP_HR, HPLP_PA, HPLP_N, HPLP_IR, and HPLP_SM. Furthermore, multicollinearity was checked using the variation inflation factor (VIF). The significance level was set at 0.05. All statistical analyses were performed using SPSS 28.0 (IBM Corp., Armonk, NY, United States).




RESULTS

Descriptive data of each variable are shown in Table 1. The six components of the HPLP (HPLP_SG, HPLP_HR, HPLP_PA, HPLP_N, HPLP_IR, and HPLP_SM) demonstrated moderately good internal consistency (Cronbach’s alpha = 0.88, 0.79, 0.85, 0.66, 0.79, and 0.69, respectively). The correlation coefficients among the GM-BHQ, FA-BHQ, sex, age, BMI, HPLP_SG, HPLP_HR, HPLP_PA, HPLP_N, HPLP_IR, and HPLP_SM are shown in Table 2. There is a significant correlation between the GM-BHQ and the FA-BHQ (r = 0.392, p < 0.001). Furthermore, the GM-BHQ significantly correlated with age (r = −0.668, p < 0.001), sex (r = 0.341, p < 0.001), BMI (r = −0.290, p < 0.001), HPLP_HR (r = −0.146, p = 0.027), and HPLP_N (r = −0.138, p = 0.036), and the FA-BHQ significantly correlated with age (r = −0.374, p < 0.001). The partial correlation coefficients among the GM-BHQ, FA-BHQ, HPLP_SG, HPLP_HR, HPLP_PA, HPLP_N, HPLP_IR, and HPLP_SM, after controlling for sex, age, and BMI, are shown in Table 3. There is a significant partial correlation between the GM-BHQ and the FA-BHQ (r = 0.191, p = 0.004). Furthermore, there is a significant partial correlation between the FA-BHQ and the HPLP_SG (r = 0.158, p = 0.017). The scatter plot of the adjusted FA-BHQ, which was adjusted for age, sex, and BMI based on the general linear model, and the HPLP_SG is shown in Figure 1. The result of the multiple regression analyses of the six subscales on the GM-BHQ is shown in Table 4, and that of the six subscales on the FA-BHQ is shown in Table 5. In both analyses, as all variables (age, sex, BMI, HPLP_SG, HPLP_HR, HPLP_PA, HPLP_N, HPLP_IR, and HPLP_SM) reported VIF values below 2 (VIF = 1.155, 1.258, 1.213, 1.785, 1.733, 1.593, 1.540, 1.909, and 1.590, respectively), our results did not suffer from multicollinearity. As a result, for the GM-BHQ, there is a significant coefficient of determination (R2 = 0.562, p < 0.001). Furthermore, there are also significant standardized partial regression coefficients of age, sex, and BMI (age: β = −0.425, p < 0.001; sex: β = 4.798, p < 0.001; BMI: β = −0.278, p = 0.013). Our result indicates no relationship between the GM-BHQ and the HPLP_SG. For the FA-BHQ, there is a significant coefficient of determination (R2 = 0.184, p < 0.001). Furthermore, there are significant standardized partial regression coefficients of age and the HPLP_SG (age: β = −0.106, p < 0.001; HPLP_SG: β = 0.120, p = 0.013). Our result indicates a relationship between the FA-BHQ and the HPLP_SG after controlling for age, sex, BMI, the HPLP_HR, HPLP_PA, HPLP_N, HPLP_IR, and HPLP_SM.


TABLE 1. Descriptive data.
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TABLE 2. Correlation matrix.
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TABLE 3. Partial correlation matrix controlling for sexa, age, and BMI.
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FIGURE 1. Scatter plot of the adjusted Fractional Anisotropy Brain Healthcare Quotient (FA-BHQ), adjusted for age, sex, and Body Mass Index based on the general linear model, and Health-Promoting Lifestyle Profile (HPLP) Spiritual Growth (SG).



TABLE 4. Multiple regression analysis of the HPLP factors on GM-BHQ.
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TABLE 5. Multiple regression analysis of HPLP factors on FA-BHQ.
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DISCUSSION

The aim of this study was to elucidate the relationship between the entire brain structure and spiritual growth, the personal trait related to developing human potential for wellness by searching for meaning, finding a sense of purpose, and working toward goals in life (Walker and Hill-Polerecky, 1996). To achieve this aim, we used the GM-BHQ, which measures the volume of GM in the brain, and the FA-BHQ, which measures WM integrity of the brain, as the indices of the entire brain structure. We found that there was no significant relationship between the GM-BHQ and spiritual growth, but there was a significant positive correlation between the FA-BHQ and spiritual growth after controlling for variables related to physical characteristics, such as age, sex, and BMI as well as other variables related to lifestyle such as health responsibility, physical activity, nutrition, interpersonal relations, and stress management. Among the factors of the HPLP used to measure the health-promoting lifestyles that maintain or enhance the level of wellness, self-actualization, and fulfillment of the individual, spiritual growth seems to be the most related to the development of inner resources. In a previous study, the FA-BHQ was found to be correlated with a sense of life improvement as assessed using the two preliminary questions mentioned above (Nemoto et al., 2017). Our study confirmed this relationship between the FA-BHQ and a sense of life improvement with a reliable and valid questionnaire.

The FA-BHQ was calculated from the value of the WM integrity of the entire brain. The WM integrity supports the transmission efficiency of the network between brain regions (Johansen-Berg, 2010). It is considered that optimizing the speed or synchronicity of impulse transmission is important in learning and developing skills, as any complex task for achieving a goal requires the transmission of information through a series of distant cortical regions with distinct task-relevant functions (Fields, 2008; Zatorre et al., 2012). Additionally, previous studies suggested that several types of learning and training alter the WM integrity of the corresponding brain regions (Bengtsson et al., 2005; Scholz et al., 2009; Tang et al., 2010; Engvig et al., 2012; Taubert et al., 2012; Zatorre et al., 2012; Prosperini et al., 2014). Considering that spiritual growth is related to the development of inner resources, which requires several experiences, learnings, and trainings, our finding supports the idea that there is a relationship between the entire WM brain structure and spiritual growth.

In our study, we could only show that there was a correlation between the WM integrity of the entire brain and spiritual growth at one specific point in time, as we used a cross-sectional design. Considering that previous studies indicated that some interventions could improve spiritual growth (Chang et al., 2010; Robinson-Whelen et al., 2020), longitudinal studies are required in the future to clarify the causal relation between spiritual growth and the entire WM brain structure. Such studies will help extend healthy life expectancy from a new perspective of personal trait.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Committees of Tokyo Institute of Technology. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

YY designed and performed the experiment. MF analyzed the data and had primary responsibility for the final content. MF and KW wrote the first draft of the manuscript. All authors approved the final manuscript.



FUNDING

This work was funded by the ImPACT Program of Council for Science, Technology, and Innovation (Cabinet Office, Government of Japan).



REFERENCES

Ahdidan, J., Hviid, L. B., Chakravarty, M. M., Ravnkilde, B., Rosenberg, R., Rodell, A., et al. (2011). Longitudinal MR study of brain structure and hippocampus volume in major depressive disorder. Acta Psychiatr. Scand. 123, 211–219. doi: 10.1111/j.1600-0447.2010.01644.x

Ashburner, J. (2007). A fast diffeomorphic image registration algorithm. NeuroImage 38, 95–113. doi: 10.1016/j.neuroimage.2007.07.007

Ashburner, J., and Friston, K. J. (2005). Unified segmentation. NeuroImage 26, 839–851. doi: 10.1016/j.neuroimage.2005.02.018

Bengtsson, S. L., Nagy, Z., Skare, S., Forsman, L., Forssberg, H., and Ullén, F. (2005). Extensive piano practicing has regionally specific effects on white matter development. Nat. Neurosci. 8, 1148–1150. doi: 10.1038/nn1516

Chang, B. H., Casey, A., Dusek, J. A., and Benson, H. (2010). Relaxation response and spirituality: Pathways to improve psychological outcomes in cardiac rehabilitation. J. Psychosom. Res. 69, 93–100. doi: 10.1016/j.jpsychores.2010.01.007

Cox, S. R., Ritchie, S. J., Fawns-Ritchie, C., Tucker-Drob, E. M., and Deary, I. J. (2019). Structural brain imaging correlates of general intelligence in UK Biobank. Intelligence 76:101376. doi: 10.1016/j.intell.2019.101376

Engvig, A., Fjell, A. M., Westlye, L. T., Moberget, T., Sundseth, Ø, Larsen, V. A., et al. (2012). Memory training impacts short-term changes in aging white matter: A longitudinal diffusion tensor imaging study. Hum. Brain Mapp. 33, 2390–2406. doi: 10.1002/hbm.21370

Fields, R. D. (2008). White matter in learning, cognition and psychiatric disorders. Trends Neurosci. 31, 361–370. doi: 10.1016/j.tins.2008.04.001

Frame, M. W., Uphold, C. R., Shehan, C. L., and Reid, K. J. (2005). Effects of spirituality on health-related quality of life in men with HIV/AIDS: Implications for counseling. Couns. Values. 50, 5–19. doi: 10.1002/j.2161-007X.2005.tb00037.x

Granholm, A. C., Boger, H., and Emborg, M. E. (2008). Mood, memory and movement: An age-related neurodegenerative complex? Curr. Aging Sci. 1, 133–139. doi: 10.2174/1874609810801020133

Henneman, W. J. P., Sluimer, J. D., Cordonnier, C., Baak, M. M. E., Scheltens, P., Barkhof, F., et al. (2009). MRI biomarkers of vascular damage and atrophy predicting mortality in a memory clinic population. Stroke 40, 492–498. doi: 10.1161/STROKEAHA.108.516286

Jenkinson, M., Beckmann, C. F., Behrens, T. E. J., Woolrich, M. W., and Smith, S. M. (2012). FSL. NeuroImage 62, 782–790. doi: 10.1016/j.neuroimage.2011.09.015

Johansen-Berg, H. (2010). Behavioural relevance of variation in white matter microstructure. Curr. Opin. Neurol. 23, 351–358. doi: 10.1097/WCO.0b013e32833b7631

Kemppainen, J., Bomar, P. J., Kikuchi, K., Kanematsu, Y., Ambo, H., and Noguchi, K. (2011). Health promotion behaviors of residents with hypertension in Iwate. Japan and North Carolina, USA. Jpn. J. Nurs. Sci. 8, 20–32. doi: 10.1111/j.1742-7924.2010.00156.x

Kim, R. E., Yun, C. H., Thomas, R. J., Oh, J. H., Johnson, H. J., Kim, S., et al. (2018). Lifestyle-dependent brain change: A longitudinal cohort MRI study. Neurobiol. Aging. 69, 48–57. doi: 10.1016/j.neurobiolaging.2018.04.017

Kokubun, K., Nemoto, K., Oka, H., Fukuda, H., Yamakawa, Y., and Watanabe, Y. (2018). Association of fatigue and stress with gray matter volume. Front. Behav. Neurosci. 12:154. doi: 10.3389/fnbeh.2018.00154

Kokubun, K., Nemoto, K., and Yamakawa, Y. (2020a). Fish intake may affect brain structure and improve cognitive ability in healthy people. Front. Aging Neurosci. 12:76. doi: 10.3389/fnagi.2020.00076

Kokubun, K., and Yamakawa, Y. (2019). Association between food patterns and gray matter volume. Front. Hum. Neurosci. 13:384. doi: 10.3389/fnhum.2019.00384

Kokubun, K., Yamakawa, Y., and Hiraki, K. (2020b). Association between behavioral ambidexterity and brain health. Brain Sci. 10:137. doi: 10.3390/brainsci10030137

Kramer, J. H., Mungas, D., Reed, B. R., Wetzel, M. E., Burnett, M. M., Miller, B. L., et al. (2007). Longitudinal MRI and cognitive change in healthy elderly. Neuropsychology 21, 412–418. doi: 10.1037/0894-4105.21.4.412

Mori, S., Oishi, K., Jiang, H., Jiang, L., Li, X., and Akhter, K. (2008). Stereotaxic white matter atlas based on diffusion tensor imaging in an ICBM template. NeuroImage 40, 570–582. doi: 10.1016/j.neuroimage.2007.12.035

Nemoto, K., Oka, H., Fukuda, H., and Yamakawa, Y. (2017). MRI-based brain healthcare quotients: A bridge between neural and behavioral analyses for keeping the brain healthy. PLoS One 12:e0187137. doi: 10.1371/journal.pone.0187137

Ourry, V., Gonneaud, J., Landeau, B., Moulinet, I., Touron, E., Dautricourt, S., et al. (2021). Association of quality of life with structural, functional and molecular brain imaging in community-dwelling older adults. NeuroImage 231:117819. doi: 10.1016/j.neuroimage.2021.117819

Prosperini, L., Fanelli, F., Petsas, N., Sbardella, E., Tona, F., Raz, E., et al. (2014). Multiple sclerosis: Changes in microarchitecture of white matter tracts after training with a video game balance board. Radiology 273, 529–538. doi: 10.1148/radiol.14140168

Rakhshani, T., Shojaiezadeh, D., Lankarani, K. B., Rakhshani, F., Kaveh, M. H., and Zare, N. (2014). The association of health-promoting lifestyle with quality of life among the Iranian elderly. Iran. Red Crescent Med. J. 16:e18404. doi: 10.5812/ircmj.18404

Robinson-Whelen, S., Hughes, R. B., Taylor, H. B., Markley, R., Vega, J. C., Nosek, T. M., et al. (2020). Promoting psychological health in women with SCI: Development of an online self-esteem intervention. Disabil. Health J. 13:100867.

Scholz, J., Klein, M. C., Behrens, T. E. J., and Johansen-Berg, H. (2009). Training induces changes in white-matter architecture. Nat. Neurosci. 12, 1370–1371. doi: 10.1038/nn.2412

Tang, Y. Y., Lu, Q., Geng, X., Stein, E. A., Yang, Y., and Posner, M. I. (2010). Short-term meditation induces white matter changes in the anterior cingulate. Proc. Natl Acad. Sci. U.S.A. 107, 15649–15652. doi: 10.1073/pnas.1011043107

Taubert, M., Villringer, A., and Ragert, P. (2012). Learning-related gray and white matter changes in humans: An update. Neuroscientist 18, 320–325. doi: 10.1177/1073858411419048

Tyszka, A. C., and Farber, R. S. (2010). Exploring the relation of health-promoting behaviors to role participation and health-related quality of life in women with multiple sclerosis: A pilot study. Am. J. Occup. Ther. 64, 650–659. doi: 10.5014/ajot.2010.07121

Tzourio-Mazoyer, N., Landeau, B., Papathanassiou, D., Crivello, F., Etard, O., Delcroix, N., et al. (2002). Automated anatomical labeling of activations in SPM using a macroscopic anatomical parcellation of the MNI MRI single-subject brain. NeuroImage 15, 273–289. doi: 10.1006/nimg.2001.0978

Walker, S. N., and Hill-Polerecky, D. M. (1996). Psychometric evaluation of the Health-Promoting Lifestyle Profile II. Omaha: University of Nebraska Medical Center.

Walker, S. N., Sechrist, K. R., and Pender, N. J. (1987). The Health-Promoting Lifestyle Profile: Development and psychometric characteristics. Nurs. Res. 36, 76–81. doi: 10.1097/00006199-198703000-00002

Wei, C. N., Yonemitsu, H., Harada, K., Miyakita, T., Omori, S., Miyabayashi, T., et al. (2000). A Japanese language version of the Health-Promoting Lifestyle Profile. Nihon Eiseigaku Zasshi. 54, 597–606. doi: 10.1265/jjh.54.597

Zatorre, R. J., Fields, R. D., and Johansen-Berg, H. (2012). Plasticity in gray and white: Neuroimaging changes in brain structure during learning. Nat. Neurosci. 15, 528–536. doi: 10.1038/nn.3045


Conflict of Interest: YY was employed by PwC Consulting LLC.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Fujino, Watanabe and Yamakawa. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


APPENDIX

The nine-item of the spiritual growth subscale.


1.Feel I am growing and changing in positive ways.

2.Believe that my life has purpose.

3.Look forward to the future.

4.Feel content and at peace with myself.

5.Work toward long-term goals in my life.

6.Am aware of what is important to me in life.

7.Feel connected with some force greater than myself.

8.Work toward long-term goals in my life.

9.Expose myself to new experiences and challenges.
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