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Introduction

A greater sense of purpose in life is associated with several health benefits relevant for active aging, but the mechanisms remain unclear. We evaluated if purpose in life was associated with indices of brain health.





Methods

We examined data from the Midlife in the United States (MIDUS) Neuroscience Project. Diffusion weighted magnetic resonance imaging data (n=138; mean age 65.2 years, age range 48-95; 80 females; 37 black, indigenous, and people of color) were used to estimate microstructural indices of brain health such as axonal density, and axonal orientation. The seven-item purpose in life scale was used. Permutation analysis of linear models was used to examine associations between purpose in life scores and the diffusion metrics in white matter and in the bilateral hippocampus, adjusting for age, sex, education, and race.





Results and discussion

Greater sense of purpose in life was associated with brain microstructural features consistent with better brain health. Positive associations were found in both white matter and the right hippocampus, where multiple convergent associations were detected. The hippocampus is a brain structure involved in learning and memory that is vulnerable to stress but retains the capacity to grow and adapt through old age. Our findings suggest pathways through which an enhanced sense of purpose in life may contribute to better brain health and promote healthy aging. Since purpose in life is known to decline with age, interventions and policy changes that facilitate a greater sense of purpose may extend and improve the brain health of individuals and thus improve public health.
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1 Introduction

The World Health Organization defines active aging as “the process of optimizing opportunities for health, participation and security in order to enhance quality of life as people age” (1) and focuses on functional ability for healthy aging as a combination of an individual’s intrinsic capacity and interactions with relevant environmental characteristics (2). The goal of active aging is the promotion and maintenance of positive functional outcomes and experiences such as physical, mental, and social health and wellbeing throughout the aging process (3). However, individuals start their lives with differences in genetic predispositions and continue to be exposed to a wide range of non-genetic drivers of health and disease throughout their lifespan (4). Active or healthy aging therefore involves slowing down the biological aging process, even in the presence of social and environmental challenges that may impact functional abilities (5–7).

Healthy life choices, such as being physically and cognitively active, are widely known to improve health outcomes (8–10). In the face of physical decline, aging successfully can mean selecting and prioritizing goals according to their importance for optimizing gains or compensating for losses (11, 12). One predictive variable that could link a range of healthy behaviors, foster resilience in the face of adversities, and impact physical and mental health is purpose in life (13). Purpose in life is defined as feeling that one’s life has meaning, and having goals, intentions, and a sense of direction for one’s life (14, 15).

Mounting evidence suggests that individuals who feel a sense of purpose in life have better health and longevity, including cognitive function (16). Purpose has been reported as a potential buffer against loneliness and is associated with reduced risk of subjective cognitive decline (17), reduced risk of mild cognitive impairment and Alzheimer’s disease (18) and delayed onset of dementia and mortality (19). Purpose in life is also associated with better outcomes for physical health and behavior, including reduced risk of cardiovascular disease (20), lower systemic inflammation among men (21), lower likelihood of suicidal ideation and attempts (22), and lower odds of all-cause mortality (23, 24).

Potential mechanisms underlying these salubrious associations with purpose in life are being explored (20, 25). While it is difficult to ascribe a causal role for purpose in life in the achievement of better cognitive outcomes, post-mortem examinations suggest that purpose in life weakens the association between Alzheimer’s disease pathology and cognitive decline (26). Examination of the associations between purpose in life and brain health measures among living individuals would enable a better understanding of the underlying mechanisms.

Age related decline in brain health is well documented, as is neuroplasticity in response to cognitive training (10). White matter volume rapidly declines from the fifties onwards (27), cortical gray matter volume peaks in childhood and gradually declines through the rest of the life, whereas subcortical gray matter volume peaks during adolescence (27). One brain region that is particularly important in the study of brain health in aging is the hippocampus, due to its role in learning and memory and life-long plasticity (28). The hippocampus is one of the few brain regions where neurogenesis continues throughout adulthood (29). This subcortical structure is known to be sensitive to stress and inflammation and is one of the earliest to show age-related changes that track cognitive decline (30). The hippocampus is vulnerable to several neurodegenerative conditions and is one of the earliest brain regions affected by Alzheimer’s disease (31–33). More encouragingly, due to its highly plastic nature, this region is also sensitive to lifestyle interventions that can buffer against age-related changes in structure and function (30). Volumetric changes in brain structures reflect late-stage, accumulated changes in cellular microstructure which manifest earlier (34). Therefore, the early changes in cellular microstructure serve as valuable targets for monitoring and intervention.

Advances in diffusion magnetic resonance imaging (MRI) have enabled fine grained insight into cellular microstructure (35). This technique uses the property that water molecules exhibit random displacements in all directions (i.e., isotropic diffusion) at room temperature. The direction of movement of water molecules in brain tissue can be tracked using diffusion MRI and quantified using diffusion tensor imaging (DTI) (35). Water molecules show different degrees of hindered and restricted diffusion based on tissue type, which may be used to derive quantitative metrics to infer features of the tissue microstructure. For example, cerebrospinal fluid is present in the ventricles with very little tissue complexity; thus, high values of mean diffusivity (MD, diffusivity in all directions) would be expected. However, in a white matter bundle consisting of neuronal fibers, low radial diffusivity (diffusivity perpendicular to the fibers) is expected as water cannot freely diffuse through the myelin sheaths around the axons of neurons. Additionally, in white matter bundles, high values of fractional anisotropy (FA, diffusivity preferentially directed along fibers) are expected, such that water is diffusing more freely parallel to the axons but not in other directions. By examining the deviation of diffusion from a normal displacement distribution, complementary metrics can be derived using diffusion kurtosis imaging (DKI) (36), allowing estimation of metrics such as mean kurtosis and radial kurtosis. These kurtosis metrics are often negatively correlated with the corresponding diffusivity metrics; for example, mean kurtosis in white matter increases with decreases in mean diffusivity (37). Multiple studies have examined the validity of using diffusion MRI as a non-invasive way of tracking brain microstructural changes (38). For example, histological assessment in rabbits done along with DTI and histological assessment in human post-mortem brains done in tandem with DKI suggest that these statistical models are sensitive to tissue microstructural differences (39, 40) but they are not very specific to cellular microstructure (38).

Several advanced biophysical models, such as neurite orientation dispersion and density imaging (NODDI) and white matter tract integrity (WMTI), have been developed to better describe cellular microstructure (41, 42). These approaches model the underlying tissue microstructure to provide biologically relevant and interpretable metrics (43). For example, the NODDI model provides the neurite density index which estimates the density of axons and dendrites (collectively called neurites) and has been shown to track the integrity of axons (34). The WMTI model provides a similar metric termed axonal water fraction that captures the density of axons (44). Validation studies have been carried out using electron microscopy and histology for these biophysical models (45, 46).

Taken together, diffusion MRI metrics have been shown to be sensitive to brain microstructural changes across the lifespan, from early brain development (47) to aging and neurodegenerative conditions (37, 48). For example, diffusion MRI metrics have been shown to be sensitive to glial activation, edema, axonal swelling, and changes in axonal myelination (49). Using the complementary information provided by both the statistical models (DTI and DKI) and the biophysical models (WMTI and NODDI), we aimed to comprehensively characterize brain microstructural features associated with purpose in life, identify the most sensitive measures, and identify brain regions with converging findings that might most robustly reflect associations with purpose in life. We tested the hypothesis that higher self-reported feelings of purpose in life would be associated with whole brain white matter and hippocampal microstructural metrics consistent with better brain health.




2 Materials and methods



2.1 Study overview

This study is based on analysis of data from the third wave of the Midlife in the United States (MIDUS) study. The MIDUS study is a longitudinal national study in the United States that began in 1994 initially recruiting adults aged between 25-74 years of age and has been following them up every ten years. MIDUS seeks to understand the sociodemographic, psychosocial, and neurobiological determinants of health and illness among aging adults with the goal of advancing knowledge of resilience in the face of challenge and adversity. A unique feature of MIDUS is the focus on studying the middle segment of life and tracking individuals as they move on into old age. MIDUS data are comprehensive, with over 25000 assessed variables, and are publicly available for use by scientists around the world (https://midus.wisc.edu/).

During the third follow-up of the main MIDUS sample (MIDUS3; 2017-2022), multi-shell diffusion imaging data were acquired for the first time by the MIDUS Neuroscience Project. The present work analyzes data from those participants who underwent multi-shell diffusion weighted (DWI) MRI. All MIDUS projects were granted approval from relevant institutional review boards. All participants were briefed about study procedures and screened to ensure MRI compatibility, and all provided informed consent prior to data collection.




2.2 Study participants and characteristics

Participants (n = 138) were between the ages of 48-95 (mean 65.2, median 64, SD = 9.35) years. There were 80 females and 37 black, indigenous and people of color (BIPOC) in the sample. There were 59 participants with a college degree, 44 with some college education, and 35 with high school or less education.




2.3 Purpose in life assessment

Purpose in life was assessed using a seven-item questionnaire adapted from Ryff’s Psychological Well-being scale (14). This scale has seven-items such as “I live life one day at a time and don’t really think about the future”, “I enjoy making plans for the future and working to make them a reality”. Participants rated their responses to each item using a seven-point Likert scale ranging from strongly disagree to strongly agree. Negatively worded items are reverse scored so that when the sum of the items is used as a score, higher values indicate greater levels of purpose. The scale has been validated in multiple national samples (15, 50). Participants reported levels of purpose in life between 22-49 with a median score of 40.




2.4 Diffusion MRI data acquisition

A multi-shell spin-echo, echo-planar imaging sequence was used to collect DWI data using a Nova 32 channel head coil and a 3 Tesla GE 750 scanner. Three shells of different encoding strengths (b-values of 500, 800 and 2000 s/mm2) were acquired with 9, 18 and 36 directions, respectively. There were six reference scans without any diffusion encoding (b=0 s/mm2). Other parameters included: repetition time (TR) = 7000 ms; echo time (TE) = 91 ms; field of view (FOV) = 256 mm; 75 slices and 2x2x2 mm3 voxel resolution.




2.5 Pre-processing and estimation of brain microstructure metrics

The DESIGNER pipeline was used to pre-process the data (51). The diffusion kurtosis tensor was estimated, along with the diffusion tensor, at each voxel using weighted least-squares optimization (52). Image maps with voxel wise estimates of the DKI metrics and DTI metrics were then generated. From the estimates of the kurtosis tensor, the following WMTI model (42) parameters were computed: axonal water fraction, intra-axonal diffusivity and extra-axonal diffusivities along the axon and perpendicular to the axon. Spatially adaptive smoothing was applied to the DKI and WMTI measures following the approach used by the tissue-specific smoothing-compensated method (T-SPOON (53)) to address the spatial variation in the model estimation quality. Specifically, a brain mask was created using a threshold based on mean kurtosis (MK < 0.3). Then each DKI and WMTI metric was smoothed concurrently with the brain mask and divided by the smoothed mask to arrive at unbiased smoothed estimates. The DWI data were also used to fit the multi-tissue NODDI model (54) to derive voxel wise estimates of corresponding metrics namely neurite density index, orientation dispersion index and cerebrospinal fluid fraction. A study specific population template was created (55) using the individual subject FA and MD maps to estimate the template, and subsequently the full set of parameter maps were warped to this template space. Each set of model-specific parameter maps were grouped and merged for statistical analyses.




2.6 Statistical analyses and visualization

Permutation analyses of linear models (PALM) (56) were carried out to examine the association between purpose in life and microstructure metrics while adjusting for sociodemographic covariates (age, sex, race, and education). The analyses were restricted to two regions of interest using the following approach: The FA skeleton mask provided with FSL software (57) was moved to the population template space and used as a white matter mask. The bilateral hippocampal regions from the Harvard-Oxford subcortical atlas (58) were binarized and moved to the population template space to form the hippocampal mask as a region of interest due to its vulnerability to stress and neurodegeneration. Analyses were run using analytical tail acceleration and 500 permutations. Joint inference was carried out separately for DTI, DKI, WMTI and NODDI metrics using non-parametric combination and inference about each metric was simultaneously obtained. Our goal with these analyses was to examine brain health with diffusion metrics that provide both complementary and overlapping information. Therefore, we did not correct for multiple comparisons across all the diffusion metrics. Threshold-free cluster enhancement (TFCE) and family-wise error (FWE) correction across all voxels of interest were used to control for false positives for each of the diffusion metrics individually.

Voxels showing significant relationships were defined with a threshold of p < 0.05, corrected for multiple comparisons and corresponding statistical brain maps were generated. To visualize significant relationships of the microstructure metrics with the variables of interest, mean values across significant voxels were extracted for each participant as summarized versions of the outcome variables. Corresponding linear models were run and partial residuals were plotted for significant relationships. As the models utilize data extracted from voxels that were found significant after statistical testing, model coefficients presented in the result section are purely for descriptive purposes. Influential outliers were defined as those exceeding a threshold of 5% of the F-distribution of Cook’s distance and were removed. Two models had one outlier each, and the results were consistent with and without outlier removal. Visualizations were carried out using R statistical software (v4.3.0).





3 Results



3.1 Associations between purpose in life and whole brain white matter microstructure

Greater purpose was associated with higher radial kurtosis (β = 0.00388, p < 0.001) and lower intra-axonal diffusivity (β = -0.00383, p < 0.001) in the whole brain white matter mask while adjusting for age, sex, education, and race (Figures 1A, B, E, F). The relationships with radial kurtosis were widespread across white matter tracts, such as the anterior thalamic radiation, corticospinal tract, cingulum, forceps minor, inferior fronto-occipital fasciculus, uncinate fasciculus, superior longitudinal fasciculus, especially but not exclusively in the right hemisphere. The relationships with intra-axonal diffusivity were also present along these tracts but were more circumscribed. There was a subset of overlapping voxels, such as in the anterior thalamic radiation, that were significant for both these metrics, but the associations were predominantly in different voxels. None of the other microstructure metrics showed significant associations with purpose in life. These findings suggest a buffering effect of purpose in life against corresponding age-related changes in radial kurtosis and intra-axonal diffusivity (Figures 1C, D, G, H) visualized after adjusting for purpose in life, sex, education, and race.




Figure 1 | Relationships of white matter microstructure metrics with purpose in life and age. Scatter plots visualizing voxel wise relationships in whole brain white matter mask between (A) radial kurtosis and purpose in life, and (E) intra-axonal diffusivity and purpose in life. Each data point represents the mean of all significant voxels for one individual, adjusted for age, sex, education, and race. As an aid to understanding the buffering effect of purpose, corresponding scatter plots between (C) radial kurtosis and age, and (G) intra-axonal diffusivity and age are visualized, adjusted for purpose in life, sex, education, and race. For each of the above metrics, representative brain slices (B, D, F, H) of the population template show voxels with significant relationships (at p < 0.05, family wise error corrected) with the color bars indicating p-values. Brain images are shown in radiological convention (left hemisphere is shown on the right side in coronal and axial views).






3.2 Associations between purpose in life and hippocampal microstructure

Consistent with findings in the whole brain white matter mask, greater purpose was associated with higher radial kurtosis (β = 0.00267, p < 0.001) and lower intra-axonal diffusivity (β = -0.00271, p = 0.019) in the right hippocampus while adjusting for age, sex, education, and race (Figures 2A, B, E, F). The directionality of these relationships with purpose in life opposed the directionality of corresponding relationships of age with radial kurtosis and intra-axonal diffusivity in the bilateral hippocampus (Figures 2C, D, G, H), visualized after adjusting for purpose in life, sex, education, and race. Greater purpose was also associated with higher mean kurtosis (β = 0.00179, p < 0.001) whereas older age was associated with lower mean kurtosis (Supplementary Figure 1A-D).




Figure 2 | Relationships of hippocampal microstructure metrics with purpose in life and age. Scatter plots visualizing voxel wise relationships in bilateral hippocampal mask between (A) radial kurtosis and purpose in life, and (E) intra-axonal diffusivity and purpose in life race after removing influential outliers, if any. Each data point represents the mean of all significant voxels for one individual, adjusted for age, sex, education, and race. There was one influential outlier for the model with intra-axonal diffusivity. Results were consistent with and without the outlier, but the relationship became weaker after outlier removal. As an aid to understanding the buffering effect of purpose, corresponding scatter plots between (C) radial kurtosis and age, and (G) intra-axonal diffusivity and age are visualized, adjusted for purpose in life, sex, education, and race. For each of the above metrics, representative brain slices (B, D, F, H) of the population template show voxels with significant relationships (at p < 0.05, family wise error corrected) with the color bars indicating p-values. Significant relationships with purpose in life were localized to the right hippocampus whereas relationships with age were found in both hemispheres. Brain images are shown in radiological convention (left hemisphere is shown on the right side in coronal and axial views).



Additionally, diffusion metrics that are sensitive to changes in axonal health showed converging relationships with purpose in life and age in the hippocampus. Greater purpose was associated with higher neurite density index (β = 0.00122, p = 0.021) and higher axonal water fraction (β = 0.00062, p < 0.001) in the right hippocampus (Figures 3A, B, E, F), adjusting for age, sex, education, and race. In contrast, higher age was associated with lower neurite density and lower axonal water fraction in the bilateral hippocampus (Figures 3C, D, G, H), visualized after adjusting for purpose in life, sex, education, and race.




Figure 3 | Additional relationships of hippocampal microstructure metrics with purpose in life and age. Scatter plots visualizing voxel wise relationships in bilateral hippocampal mask between (A) neurite density index and purpose in life, and (E) axonal water fraction and purpose in life after removing influential outliers, if any. Each data point represents the mean of all significant voxels for one individual, adjusted for age, sex, education, and race. There was one influential outlier for the model with neurite density index. Results were consistent with and without the outlier, but the relationship became weaker after outlier removal. As an aid to understanding the buffering effect of purpose, corresponding scatter plots between (C) neurite density index and age, and (G) axonal water fraction and age are visualized, adjusted for purpose in life, sex, education, and race. For each of the above metrics, representative brain slices (B, D, F, H) of the population template show voxels with significant relationships (at p < 0.05, family wise error corrected) with the color bars indicating p-values. Consistent with the other findings, significant relationships with purpose in life were localized to the right hippocampus whereas relationships with age were found in both hemispheres. Brain images are shown in radiological convention (left hemisphere is shown on the right side in coronal and axial views).







4 Discussion

The present study tested the hypothesis that higher levels of self-reported feelings of purpose in life would be associated with better brain health as indicated by whole brain white matter and hippocampal microstructural metrics. We found preliminary support for the hypothesis in whole brain white matter and more broadly in the hippocampus. Greater purpose in life was associated with higher radial kurtosis and lower intra-axonal diffusivity in both white matter and the right hippocampus. Additionally, greater purpose was associated with higher mean kurtosis, neurite density and axonal water fraction in the right hippocampus. These findings were adjusted for age, sex, education, and race, suggesting that purpose in life explained some of the variance in brain health independent of these variables that are known to be associated with brain health among aging individuals. Age is a powerful predictor for adverse microstructural differences and in our work, age showed expected relationships with the various diffusion metrics, whereas purpose in life showed opposing relationships consistent with our hypothesis of its role as a resilience factor for brain health.

Radial and mean kurtosis values are known to be negatively correlated with age in both white and gray matter in midlife (59). Among older adults, radial and mean kurtosis values were found to be lower in mild cognitive impairment and Alzheimer’s disease, as compared to controls, in both white matter regions and in the hippocampus (37, 60). We replicated these findings of negative relationships of radial and mean kurtosis with age, confirming that these metrics are sensitive to age associated decline in brain health. Thus, the higher values of mean and radial kurtosis found in association with greater purpose are suggestive of better brain health.

Intra-axonal diffusivity is a marker of axonal injury, and is decreased with axonal beading (focal enlargements separated by constrictions) in response to ischemic stroke (44, 61). However, this metric was not found to be effective in differentiating between controls and patients with Alzheimer’s disease, suggesting that disease progression along the Alzheimer’s disease continuum is less dependent on intra-axonal environment (44). In our sample, age was positively associated with higher intra-axonal diffusivity in both white matter and the hippocampus, indicating age-related changes in the intra-axonal environment. Because purpose was negatively associated with this metric after adjusting for age and other covariates, greater purpose may buffer against age-related changes in the intra-axonal environment.

Although the association between purpose in life with radial kurtosis and intra-axonal diffusivity were widespread in whole brain white matter, there were few regions with a strong overlap. This is not unexpected, as radial kurtosis is sensitive to microstructural differences but is not based on a biophysical model, unlike the intra-axonal diffusivity which, is more specific and biologically interpretable. One of the reasons for employing multiple diffusion metrics in our study was to identify measures that are more sensitive to our question of interest and to examine overlap and complementarity. Further research is needed to replicate and to investigate the effects of purpose on these microstructural indices.

The association of purpose in life with several diffusion metrics showed consistent and converging results suggestive of better microstructural integrity in the right hippocampus. Axonal water fraction is a marker of axonal integrity from the WMTI model (45). Lower axonal water fraction may suggest reduction in axons in response to cortical atrophy (44, 62). Neurite density index is a closely related axonal marker from NODDI that shows similarity with myelin maps (63). In our sample, even after adjusting for covariates, these metrics exhibited a positive association with purpose in life. This suggests that participants with greater levels of purpose may have better-preserved myelinated axons.

The consistent laterality in findings of associations of purpose in life with the right hippocampus is intriguing. Hemispheric differences in neuronal morphology and density between the hippocampi may underlie differences in memory function and subserve vulnerability to disease (64). Interestingly, in a spatial navigation paradigm, activation of the right hippocampus was predictive of other-centric spatial representation, whereas activation of the left hippocampus predicted the use of a self-centric representation (65). Additional findings linking the right hippocampus with spatial processing whereas the left with verbal and autobiographical processing (66, 67) suggest the left and right hippocampi may play different functional roles or at least be involved to different degrees in some cognitive functions. Our finding of higher levels of purpose in life being associated with better microstructural metrics in the right hippocampus need to be investigated further to better understand this lateralized finding and its implication for cognitive functioning.

While diffusion tensor and kurtosis metrics are quite sensitive to changes in microstructure, they are difficult to interpret in terms of changes in the underlying biology (35, 45). Variations of the standard model of microstructure such as NODDI and WMTI partial out each voxel into multiple compartments and provide more interpretable information (68). For example, although DTI and NODDI metrics both showed age related declines in the hippocampus, the NODDI model measures showed stronger relationships and explained more of the age-related variance (69). Each of these approaches make assumptions that need to be considered. For example, NODDI is known to overestimate the neurite density index, and cerebrospinal fluid fraction in white matter (70). Since kurtosis metrics and related estimates are susceptible to noise artifacts and confounds, we used adaptive smoothing to overcome the black hole related shrinkage bias that occurs when smoothing DKI and WMTI metrics. Newer improved models are being developed to try and address limitations (71, 72). The converging findings from these different DWI models present intriguing evidence of their applicability in the hippocampus and similar regions that needs to be tested further.

What might be the mechanisms underlying the positive relationship of purpose in life with the various indices of microstructural health? A review of the literature suggested that greater feelings of purpose might mitigate health risks by enhancement of other psychological and social resources that buffer against stress, by indirect effects by modification of health-related behaviors, and potentially by direct influence on biological pathways (20). For example, in the Rush Memory and Aging Project, lower levels of purpose in life have been associated with greater loneliness, more anxiety-related harm avoidance, older age and more depressive symptoms, whereas higher levels of purpose in life are associated with greater perceived social support, more social activities, more years of education, higher income, more intact cognition in late-life, and more middle-age cognitive activities (25). Collectively, these associations suggest modifiable targets for intervention to enhance feelings of purpose in life, which may in turn enhance brain health.

Purpose in life has been defined as “a central, self-organizing life aim that organizes and stimulates goals, manages behaviors, and provides a sense of meaning” (13). Other theorists have defined purpose as “a stable and generalized intention to accomplish something that is at once meaningful to the self and of consequence to the world beyond the self” (73). In the present work, we define purpose as a feeling that one’s life has meaning, and having goals, intentions, and a sense of direction for one’s life (14, 15). This sense of leading a meaningful and worthwhile life is associated with better lifestyle choices such as exercise and diet, sleep quality, better mental health and physical fitness, stronger personal and social relationships, prosocial activities such as volunteering and even greater financial outcomes (74). Several of these behaviors are related to better brain health (75, 76), suggesting that feelings of purpose in life might encourage healthier lifestyle choices that buffer against stress and promote resilience to adversity. More directly, purposeful activity may facilitate experience dependent changes in brain circuitry related to efficient decision making, alter reactivity to emotional stressors and more broadly, enable healthier self-regulation (77). Although our analyses examining associations with a self-report measure and cross-sectional data do not permit strong claims about the mechanisms, the diffusion MRI models offer insights into the probable neurobiological pathways through which purpose may be exerting salubrious effects. Our findings point toward alterations in axonal health and myelination, although a limitation with our current findings is that the most robust effect was found in the hippocampus, where these metrics are less straightforward to interpret. Replication of our findings with larger samples is warranted. The next wave of follow-up MIDUS data collection is already underway, providing future opportunities for longitudinally tracking the relationship between purpose in life, cognition, and diffusion metrics of brain health.

In general, purpose in life develops until mid-life and subsequently declines with age (14, 78), although the benefits of preserved purpose in life in old age remain relevant (79). There is also evidence that individual trajectories in the sense of purpose stay resilient to the onset of health adversities (80). It is noteworthy that adversities such as cognitive dysfunction and dementia in late life are preceded by a long period of pre-symptomatic accumulation of pathologies (81). Given the evidence that purpose in life may delay progression to dementia and mortality by several years (19), the time gap between initial detection of brain pathologies and onset of symptoms represents a last window of opportunity for the application of effective interventions that can make a profound impact on personal and public health. Effective interventions to facilitate greater purpose in life are therefore very important throughout the life span.

Indeed, there is evidence that purpose can be developed across the life-course. The 4-H program and development of frameworks such as the pedagogy of care using processes such as exploration, engagement, reflection, articulation, and actualization may support development of purpose among youth (82, 83). Interventions to clarify values and develop purpose in life are now freely available (77) and, more broadly, interventions for psychological well-being are available at scale with refinements being considered to provide meaningful effects (84). The recent call to consider prosociality, or positive other-regarding behaviors and beliefs, as a public health priority (85) would benefit from interventions that facilitate clarification of values and foster development of purpose at the individual and societal level (86).

In summary, we found evidence that greater sense of purpose in life is associated with indices of brain microstructure suggestive of better brain health, even when accounting for age, sex, race, and education. These associations were strongest in the right hippocampus, a brain structure that is both vulnerable to stress but is highly plastic. Our findings suggest that greater sense of purpose in life may support better brain health and add to the accumulating evidence recognizing a need for interventions to augment and maintain the sense of purpose for healthy and active aging, including brain health.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. All MIDUS data are archived and made publicly available—and are thus share-able—via the University of Michigan Inter-university Consortium of Political and Social Research (ICPSR, https://www.icpsr.umich.edu/web/ICPSR/series/203),  the MIDUS Portal (https://midus.colectica.org/), or via restricted access to the MIDUS Neuroscience repository (see https://www.midus.wisc.edu/midus_neuro_data.php/ for how to obtain access). Further inquiries can be directed to the corresponding author. 





Ethics statement

The studies involving humans were approved by University of Wisconsin-Madison. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

AN: Investigation, Methodology, Software, Visualization, Writing – original draft, Writing – review & editing. NA: Investigation, Methodology, Software, Writing – review & editing. AF: Investigation, Writing – review & editing. LG: Data curation, Project administration, Writing – review & editing. SES: Data curation, Writing – review & editing. AA: Investigation, Methodology, Writing – review & editing. RD: Funding acquisition, Writing – review & editing. CR: Funding acquisition, Writing – review & editing. SMS: Conceptualization, Funding acquisition, Investigation, Supervision, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. Publicly available data from the MIDUS study was used for this research. Since 1995, the MIDUS study has been funded by the following: the John D. and Catherine T. MacArthur Foundation Research Network, and the National Institute on Aging (P01-AG020166, U19-AG051426, U01-AG077928). The MIDUS Neuroscience Project’s data collection was also supported in part by a core grant to the UW-Madison Waisman Center from the National Institute of Child Health and Human Development (P50HD105353). AF was supported by funding from the National Institute of Mental Health (F32-MH126537).




Acknowledgments

We are extremely grateful to the Midlife in the U.S. (MIDUS) participants and staff for their contributions to the study without which this research would not be possible.





Conflict of interest

RD is the founder, president, and serves on the board of directors for the non-profit organization, Healthy Minds Innovations, Inc.

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.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1355998/full#supplementary-material




References

1. World Health Organization. Active ageing: A policy framework [Internet]. Geneva, Switzerland: World Health Organization (2002). Available at: https://iris.who.int/bitstream/handle/10665/67215/WHO_NMH_NPH_02.8.pdf.

2. Beard JR, Officer A, De Carvalho IA, Sadana R, Pot AM, Michel JP, et al. The World report on ageing and health: a policy framework for healthy ageing. Lancet. (2016) 387:2145–54. doi: 10.1016/S0140-6736(15)00516-4.

3. Fernández-Ballesteros R, Robine JM, Walker A, Kalache A. Active aging: A global goal. Curr Gerontol Geriatr Res. (2013) 2013:1–4. doi: 10.1155/2013/298012.

4. Niedzwiecki MM, Walker DI, Vermeulen R, Chadeau-Hyam M, Jones DP, Miller GW. The exposome: molecules to populations. Annu Rev Pharmacol Toxicol. (2019) 59:107–27. doi: 10.1146/annurev-pharmtox-010818-021315.

5. Moffitt TE. Behavioral and social research to accelerate the geroscience translation agenda. Ageing Res Rev. (2020) 63:101146. doi: 10.1016/j.arr.2020.101146.

6. Crimmins EM. Social hallmarks of aging: Suggestions for geroscience research. Ageing Res Rev. (2020) 63:101136. doi: 10.1016/j.arr.2020.101136.

7. Epel ES. The geroscience agenda: Toxic stress, hormetic stress, and the rate of aging. Ageing Res Rev. (2020) 63:101167. doi: 10.1016/j.arr.2020.101167.

8. Duggal NA, Niemiro G, Harridge SDR, Simpson RJ, Lord JM. Can physical activity ameliorate immunosenescence and thereby reduce age-related multi-morbidity? Nat Rev Immunol. (2019) 19:563–72. doi: 10.1038/s41577-019-0177-9.

9. Dogra S, Dunstan DW, Sugiyama T, Stathi A, Gardiner PA, Owen N. Active aging and public health: evidence, implications, and opportunities. Annu Rev Public Health. (2022) 43:439–59. doi: 10.1146/annurev-publhealth-052620-091107.

10. Park DC, Bischof GN. The aging mind: neuroplasticity in response to cognitive training. Dialogues Clin Neurosci. (2013) 15:109–19. doi: 10.31887/DCNS.2013.15.1/dpark.

11. Freund AM. Successful aging as management of resources: the role of selection, optimization, and compensation. Res Hum Dev. (2008) 5:94–106. doi: 10.1080/15427600802034827.

12. Carpentieri JD, Elliott J, Brett CE, Deary IJ. Adapting to aging: older people talk about their use of selection, optimization, and compensation to maximize well-being in the context of physical decline. J Gerontol B Psychol Sci Soc Sci. (2016) 72(2):351–61. doi: 10.1093/geronb/gbw132.

13. McKnight PE, Kashdan TB. Purpose in life as a system that creates and sustains health and well-being: an integrative, testable theory. Rev Gen Psychol. (2009) 13:242–51. doi: 10.1037/a0017152.

14. Ryff CD. Happiness is everything, or is it? Explorations on the meaning of psychological well-being. J Pers Soc Psychol. (1989) 57:1069–81. doi: 10.1037//0022-3514.57.6.1069.

15. Ryff CD, Keyes CLM. The structure of psychological well-being revisited. J Pers Soc Psychol. (1995) 69:719–27. doi: 10.1037//0022-3514.69.4.719.

16. Bell G, Singham T, Saunders R, Buckman JEJ, Charlesworth G, Richards M, et al. Positive psychological constructs and cognitive function: A systematic review and meta-analysis. Ageing Res Rev. (2022) 82:101745. doi: 10.1016/j.arr.2022.101745.

17. Pfund GN, Spears I, Norton SA, Bogdan R, Oltmanns TF, Hill PL. Sense of purpose as a potential buffer between mental health and subjective cognitive decline. Int Psychogeriatr. (2022) 34:1045–55. doi: 10.1017/S1041610222000680.

18. Boyle PA, Buchman AS, Barnes LL, Bennett DA. Effect of a purpose in life on risk of incident Alzheimer disease and mild cognitive impairment in community-dwelling older persons. Arch Gen Psychiatry. (2010) 67:304. doi: 10.1001/archgenpsychiatry.2009.208.

19. Boyle PA, Wang T, Yu L, Barnes LL, Wilson RS, Bennett DA. Purpose in life may delay adverse health outcomes in old age. Am J Geriatr Psychiatry. (2022) 30:174–81. doi: 10.1016/j.jagp.2021.05.007.

20. Kim ES, Delaney SW, Kubzansky LD. Sense of purpose in life and cardiovascular disease: underlying mechanisms and future directions. Curr Cardiol Rep. (2019) 21:135. doi: 10.1007/s11886-019-1222-9.

21. Guimond AJ, Shiba K, Kim ES, Kubzansky LD. Sense of purpose in life and inflammation in healthy older adults: A longitudinal study. Psychoneuroendocrinology. (2022) 141:105746. doi: 10.1016/j.psyneuen.2022.105746.

22. Fischer IC, Nichter B, Feldman DB, Na PJ, Tsai J, Harpaz-Rotem I, et al. Purpose in life protects against the development of suicidal thoughts and behaviors in U.S. veterans without a history of suicidality: A 10-year, nationally representative, longitudinal study. J Affect Disord. (2023) 340:551–4. doi: 10.1016/j.jad.2023.08.040.

23. Hill PL, Turiano NA. Purpose in life as a predictor of mortality across adulthood. Psychol Sci. (2014) 25:1482–6. doi: 10.1177/0956797614531799.

24. Cohen R, Bavishi C, Rozanski A. Purpose in life and its relationship to all-cause mortality and cardiovascular events: A meta-analysis. Psychosom Med. (2016) 78:122–33. doi: 10.1097/PSY.0000000000000274.

25. Mei Z, Lori A, Vattathil SM, Boyle PA, Bradley B, Jin P, et al. Important correlates of purpose in life identified through a machine learning approach. Am J Geriatr Psychiatry. (2021) 29:488–98. doi: 10.1016/j.jagp.2020.09.018.

26. Buchman AS. Effect of purpose in life on the relation between Alzheimer disease pathologic changes on cognitive function in advanced age. Arch Gen Psychiatry. (2012) 69:499. doi: 10.1001/archgenpsychiatry.2011.1487.

27. Bethlehem RAI, Seidlitz J, White SR, Vogel JW, Anderson KM, Adamson C, et al. Brain charts for the human lifespan. Nature. (2022) 604:525–33. doi: 10.1038/s41586-022-04554-y

28. Leuner B, Gould E. Structural plasticity and hippocampal function. Annu Rev Psychol. (2010) 61:111–40. doi: 10.1146/annurev.psych.093008.100359.

29. Toda T, Parylak SL, Linker SB, Gage FH. The role of adult hippocampal neurogenesis in brain health and disease. Mol Psychiatry. (2019) 24:67–87. doi: 10.1038/s41380-018-0036-2.

30. Bettio LEB, Rajendran L, Gil-Mohapel J. The effects of aging in the hippocampus and cognitive decline. Neurosci Biobehav Rev. (2017) 79:66–86. doi: 10.1016/j.neubiorev.2017.04.030.

31. Braak H, Braak E, Bohl J. Staging of Alzheimer-related cortical destruction. Eur Neurol. (1993) 33:403–8. doi: 10.1159/000116984.

32. Weerasinghe-Mudiyanselage PDE, Ang MJ, Kang S, Kim JS, Moon C. Structural plasticity of the hippocampus in neurodegenerative diseases. Int J Mol Sci. (2022) 23:3349. doi: 10.3390/ijms23063349.

33. Terreros-Roncal J, Moreno-Jiménez EP, Flor-García M, Rodríguez-Moreno CB, Trinchero MF, Cafini F, et al. Impact of neurodegenerative diseases on human adult hippocampal neurogenesis. Science. (2021) 374:1106–13. doi: 10.1126/science.abl5163.

34. Nazeri A, Schifani C, Anderson JAE, Ameis SH, Voineskos AN. In vivo imaging of gray matter microstructure in major psychiatric disorders: opportunities for clinical translation. Biol Psychiatry Cognit Neurosci Neuroimag. (2020) 5:855–64. doi: 10.1016/j.bpsc.2020.03.003.

35. Alexander AL, Hurley SA, Samsonov AA, Adluru N, Hosseinbor AP, Mossahebi P, et al. Characterization of cerebral white matter properties using quantitative magnetic resonance imaging stains. Brain Connect. (2011) 1:423–46. doi: 10.1089/brain.2011.0071.

36. Jensen JH, Helpern JA, Ramani A, Lu H, Kaczynski K. Diffusional kurtosis imaging: The quantification of non-gaussian water diffusion by means of magnetic resonance imaging. Magn Reson Med. (2005) 53:1432–40. doi: 10.1002/mrm.20508.

37. Falangola MF, Jensen JH, Tabesh A, Hu C, Deardorff RL, Babb JS, et al. Non-Gaussian diffusion MRI assessment of brain microstructure in mild cognitive impairment and Alzheimer’s disease. Magn Reson Imaging. (2013) 31(6):840–6. doi: 10.1016/j.mri.2013.02.008.

38. Alexander DC, Dyrby TB, Nilsson M, Zhang H. Imaging brain microstructure with diffusion MRI: practicality and applications. NMR Biomed. (2019) 32:e3841. doi: 10.1002/nbm.3841.

39. Maiter A, Riemer F, Allinson K, Zaccagna F, Crispin-Ortuzar M, Gehrung M, et al. Investigating the relationship between diffusion kurtosis tensor imaging (DKTI) and histology within the normal human brain. Sci Rep. (2021) 11:8857. doi: 10.1038/s41598-021-87857-w.

40. Yamasaki T, Fujiwara H, Oda R, Mikami Y, Ikeda T, Nagae M, et al. In vivo evaluation of rabbit sciatic nerve regeneration with diffusion tensor imaging (DTI): correlations with histology and behavior. Magn Reson Imaging. (2015) 33:95–101. doi: 10.1016/j.mri.2014.09.005.

41. Zhang H, Schneider T, Wheeler-Kingshott CA, Alexander DC. NODDI: Practical in vivo neurite orientation dispersion and density imaging of the human brain. NeuroImage. (2012) 61:1000–16. doi: 10.1016/j.neuroimage.2012.03.072.

42. Fieremans E, Jensen JH, Helpern JA. White matter characterization with diffusional kurtosis imaging. NeuroImage. (2011) 58:177–88. doi: 10.1016/j.neuroimage.2011.06.006.

43. Jelescu IO, Budde MD. Design and validation of diffusion MRI models of white matter. Front Phys. (2017) 5:61. doi: 10.3389/fphy.2017.00061.

44. Fieremans E, Benitez A, Jensen JH, Falangola MF, Tabesh A, Deardorff RL, et al. Novel white matter tract integrity metrics sensitive to Alzheimer disease progression. Am J Neuroradiol. (2013) 34:2105–12. doi: 10.3174/ajnr.A3553.

45. Jelescu IO, Zurek M, Winters KV, Veraart J, Rajaratnam A, Kim NS, et al. In vivo quantification of demyelination and recovery using compartment-specific diffusion MRI metrics validated by electron microscopy. NeuroImage. (2016) 132:104–14. doi: 10.1016/j.neuroimage.2016.02.004.

46. Grussu F, Schneider T, Tur C, Yates RL, Tachrount M, Ianuş A, et al. Neurite dispersion: a new marker of multiple sclerosis spinal cord pathology? Ann Clin Transl Neurol. (2017) 4:663–79. doi: 10.1002/acn3.445.

47. DiPiero M, Rodrigues PG, Gromala A, Dean DC. Applications of advanced diffusion MRI in early brain development: a comprehensive review. Brain Struct Funct. (2022) 228:367–92. doi: 10.1007/s00429-022-02605-8.

48. Motovylyak A, Vogt NM, Adluru N, Ma Y, Wang R, Oh JM, et al. Age-related differences in white matter microstructure measured by advanced diffusion MRI in healthy older adults at risk for Alzheimer’s disease. Aging Brain. (2022) 2:100030. doi: 10.1016/j.nbas.2022.100030.

49. Jelescu IO, Fieremans E. Sensitivity and specificity of diffusion MRI to neuroinflammatory processes. In: Advances in Magnetic Resonance Technology and Applications [Internet].Cambridge, MA, United States:  Elsevier (2023) 9:31–50. doi: 10.1016/B978-0-323-91771-1.00010-1

50. Abbott RA, Ploubidis GB, Huppert FA, Kuh D, Wadsworth ME, Croudace TJ. Psychometric evaluation and predictive validity of Ryff’s psychological well-being items in a UK birth cohort sample of women. Health Qual Life Outcomes. (2006) 4:76. doi: 10.1186/1477-7525-4-76.

51. Ades-Aron B, Veraart J, Kochunov P, McGuire S, Sherman P, Kellner E, et al. Evaluation of the accuracy and precision of the diffusion parameter EStImation with Gibbs and NoisE removal pipeline. NeuroImage. (2018) 183:532–43. doi: 10.1016/j.neuroimage.2018.07.066.

52. Veraart J, Sijbers J, Sunaert S, Leemans A, Jeurissen B. Weighted linear least squares estimation of diffusion MRI parameters: Strengths, limitations, and pitfalls. NeuroImage. (2013) 81:335–46. doi: 10.1016/j.neuroimage.2013.05.028.

53. Lee JE, Chung MK, Lazar M, DuBray MB, Kim J, Bigler ED, et al. A study of diffusion tensor imaging by tissue-specific, smoothing-compensated voxel-based analysis. NeuroImage. (2009) 44:870–83. doi: 10.1016/j.neuroimage.2008.09.041.

54. Fick RHJ, Wassermann D, Deriche R. The dmipy toolbox: diffusion MRI multi-compartment modeling and microstructure recovery made easy. Front Neuroinform. (2019) 13:64. doi: 10.3389/fninf.2019.00064.

55. Tustison NJ, Cook PA, Holbrook AJ, Johnson HJ, Muschelli J, Devenyi GA, et al. The ANTsX ecosystem for quantitative biological and medical imaging. Sci Rep. (2021) 11:9068. doi: 10.1038/s41598-021-87564-6.

56. Winkler AM, Webster MA, Brooks JC, Tracey I, Smith SM, Nichols TE. Non-parametric combination and related permutation tests for neuroimaging. Hum Brain Mapp. (2016) 37:1486–511. doi: 10.1002/hbm.23115.

57. Smith SM, Jenkinson M, Woolrich MW, Beckmann CF, Behrens TEJ, Johansen-Berg H, et al. Advances in functional and structural MR image analysis and implementation as FSL. NeuroImage. (2004) 23:S208–19. doi: 10.1016/j.neuroimage.2004.07.051.

58. Frazier JA, Chiu S, Breeze JL, Makris N, Lange N, Kennedy DN, et al. Structural brain magnetic resonance imaging of limbic and thalamic volumes in pediatric bipolar disorder. Am J Psychiatry. (2005) 162:1256–65. doi: 10.1176/appi.ajp.162.7.1256.

59. Lätt J, Nilsson M, Wirestam R, Ståhlberg F, Karlsson N, Johansson M, et al. Regional values of diffusional kurtosis estimates in the healthy brain. J Magn Reson Imaging. (2013) 37:610–8. doi: 10.1002/jmri.23857.

60. Raj S, Vyas S, Modi M, Garg G, Singh P, Kumar A, et al. Comparative evaluation of diffusion kurtosis imaging and diffusion tensor imaging in detecting cerebral microstructural changes in Alzheimer disease. Acad Radiol. (2022) 29:S63–70. doi: 10.1016/j.acra.2021.01.018.

61. Budde MD, Frank JA. Neurite beading is sufficient to decrease the apparent diffusion coefficient after ischemic stroke. Proc Natl Acad Sci. (2010) 107:14472–7. doi: 10.1073/pnas.1004841107.

62. Sexton CE, Kalu UG, Filippini N, Mackay CE, Ebmeier KP. A meta-analysis of diffusion tensor imaging in mild cognitive impairment and Alzheimer’s disease. Neurobiol Aging. (2011) 32:2322.e5–2322.e18. doi: 10.1016/j.neurobiolaging.2010.05.019

63. Fukutomi H, Glasser MF, Zhang H, Autio JA, Coalson TS, Okada T, et al. Neurite imaging reveals microstructural variations in human cerebral cortical gray matter. NeuroImage. (2018) 182:488–99. doi: 10.1016/j.neuroimage.2018.02.017.

64. Zaidel DW. Regional differentiation of neuron morphology in human left and right hippocampus: comparing normal to schizophrenia. Int J Psychophysiol. (1999) 34:187–96. doi: 10.1016/S0167-8760(99)00076-8.

65. Iglói K, Doeller CF, Berthoz A, Rondi-Reig L, Burgess N. Lateralized human hippocampal activity predicts navigation based on sequence or place memory. Proc Natl Acad Sci. (2010) 107:14466–71. doi: 10.1073/pnas.1004243107.

66. Burgess N, Maguire EA, O’Keefe J. The human hippocampus and spatial and episodic memory. Neuron. (2002) 35:625–41. doi: 10.1016/S0896-6273(02)00830-9.

67. Robinson JL, Barron DS, Kirby LAJ, Bottenhorn KL, Hill AC, Murphy JE, et al. Neurofunctional topography of the human hippocampus. Hum Brain Mapp. (2015) 36:5018–37. doi: 10.1002/hbm.22987.

68. Novikov DS, Veraart J, Jelescu IO, Fieremans E. Rotationally-invariant mapping of scalar and orientational metrics of neuronal microstructure with diffusion MRI. NeuroImage. (2018) 174:518–38. doi: 10.1016/j.neuroimage.2018.03.006.

69. Venkatesh A, Stark SM, Stark CEL, Bennett IJ. Age- and memory- related differences in hippocampal gray matter integrity are better captured by NODDI compared to single-tensor diffusion imaging. Neurobiol Aging. (2020) 96:12–21. doi: 10.1016/j.neurobiolaging.2020.08.004.

70. Alsameen MH, Gong Z, Qian W, Kiely M, Triebswetter C, Bergeron CM, et al. C-NODDI: a constrained NODDI model for axonal density and orientation determinations in cerebral white matter. Front Neurol. (2023) 14:1205426. doi: 10.3389/fneur.2023.1205426.

71. Jelescu IO, De Skowronski A, Geffroy F, Palombo M, Novikov DS. Neurite Exchange Imaging (NEXI): A minimal model of diffusion in gray matter with inter-compartment water exchange. NeuroImage. (2022) 256:119277. doi: 10.1016/j.neuroimage.2022.119277.

72. Palombo M, Ianus A, Guerreri M, Nunes D, Alexander DC, Shemesh N, et al. SANDI: A compartment-based model for non-invasive apparent soma and neurite imaging by diffusion MRI. NeuroImage. (2020) 215:116835. doi: 10.1016/j.neuroimage.2020.116835.

73. Damon W, Menon J, Cotton Bronk K. The development of purpose during adolescence. Appl Dev Sci. (2003) 7:119–28. doi: 10.1207/S1532480XADS0703_2.

74. Steptoe A, Fancourt D. Leading a meaningful life at older ages and its relationship with social engagement, prosperity, health, biology, and time use. Proc Natl Acad Sci. (2019) 116:1207–12. doi: 10.1073/pnas.1814723116.

75. Livingston G, Huntley J, Sommerlad A, Ames D, Ballard C, Banerjee S, et al. Dementia prevention, intervention, and care: 2020 report of the Lancet Commission. Lancet. (2020) 396:413–46. doi: 10.1016/S0140-6736(20)30367-6.

76. Zhang XX, Tian Y, Wang ZT, Ma YH, Tan L, Yu JT. The epidemiology of Alzheimer’s disease modifiable risk factors and prevention. J Prev Alzheimers Dis. (2021) 8:313–21. doi: 10.14283/jpad.2021.15.

77. Dahl CJ, Wilson-Mendenhall CD, Davidson RJ. The plasticity of well-being: A training-based framework for the cultivation of human flourishing. Proc Natl Acad Sci. (2020) 117:32197–206. doi: 10.1073/pnas.2014859117.

78. Pinquart M. Creating and maintaining purpose in life in old age: A meta-analysis. Ageing Int. (2002) 27:90–114. doi: 10.1007/s12126-002-1004-2.

79. Pfund GN, Lewis NA. Aging with Purpose: Developmental Changes and Benefits of Purpose in Life Throughout the Lifespan. In:  Hill  PL, Allemand  M (Eds.), Personality and Healthy Aging in Adulthood. Springer International Publishing (2020) 26:27–42. doi: 10.1007/978-3-030-32053-9_3

80. Hill PL, Beck ED, Jackson JJ. Maintaining sense of purpose following health adversity in older adulthood: A propensity score matching examination. J Gerontol Ser B. (2021) 76:1574–9. doi: 10.1093/geronb/gbab002.

81. Jack CR. Advances in Alzheimer’s disease research over the past two decades. Lancet Neurol. (2022) 21:866–9. doi: 10.1016/S1474-4422(22)00298-8.

82. Burrow AL, Ratner K, Porcelli S, Sumner R. Does purpose grow here? Exploring 4-H as a context for cultivating youth purpose. J Adolesc Res. (2022) 37:471–500. doi: 10.1177/0743558420942477.

83. Sharma G, Yukhymenko-Lescroart MA. A framework for cultivating purpose as a pedagogy of care. Ital J Educ Technol [Internet]. (2022) 30(1):65–74. doi: 10.17471/2499-4324/1234

84. Kubzansky LD, Kim ES, Boehm JK, Davidson RJ, Huffman JC, Loucks EB, et al. Interventions to modify psychological well-being: progress, promises, and an agenda for future research. Affect Sci. (2023) 4:174–84. doi: 10.1007/s42761-022-00167-w.

85. Kubzansky LD, Epel ES, Davidson RJ. Prosociality should be a public health priority. Nat Hum Behav. (2023) 7(12):2051–3. doi: 10.1038/s41562-023-01717-3.

86. Hill PL, Pfund GN, Allemand M. The PATHS to purpose: A new framework toward understanding purpose development. Curr Dir Psychol Sci. (2023) 32:105–10. doi: 10.1177/09637214221128019.




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 © 2024 Nair, Adluru, Finley, Gresham, Skinner, Alexander, Davidson, Ryff and Schaefer. 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.


OEBPS/Images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry





OEBPS/Images/fpsyt.2024.1355998_cover.jpg
,frontiers | Frontiers in Psychiatry

Purpose in life as a resilience
factor for brain health:
diffusion MRI findings from
the Midlife in the U.S. study





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Purpose in life as a resilience factor for brain health: diffusion MRI findings from the Midlife in the U.S. study

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results and discussion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Study overview

          



          		

            2.2 Study participants and characteristics

          



          		

            2.3 Purpose in life assessment

          



          		

            2.4 Diffusion MRI data acquisition

          



          		

            2.5 Pre-processing and estimation of brain microstructure metrics

          



          		

            2.6 Statistical analyses and visualization

          



        



        



        		

          3 Results

        

          		

            3.1 Associations between purpose in life and whole brain white matter microstructure

          



          		

            3.2 Associations between purpose in life and hippocampal microstructure

          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fpsyt-15-1355998-g001.jpg
10

0
Purpose
(Cov Adjusted)

-10

- o [=;] -]
< < o o
(paisnipy A0D)
SIsouNy] [eipey

1
-

o (=]

= =
(paysnipy A0D)
sisouny| [elpey

«
)

30

20

10

-10

Age
(Cov Adjusted)

< o =0

o 5] =3
(pajsnipy A0Q)
AjAIsnyiQg jeuoxe-eaju|

@9
o

10

0

-10

Purpose
(Cov Adjusted)

[0}

<
-

(<] 0 ~
] S P
(paisnipy A0D)
AjAaisnyiqg jeuoxe-eaju|

30

20

0

-10

Age
(Cov Adjusted)





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpsyt-15-1355998-g002.jpg
>

0.8

e
3

Radial Kurtosis
(Cov Adjusted)
o
o

o
2]

-10 0 10
Purpose
(Cov Adjusted)

Radial Kurtosis (9]
(Cov Adjusted)

o o

o g

3 34

o
o
a

10 0 10 20 30
Age
(Cov Adjusted)

m
-
o

(Cov Adjusted)
o o o
)

Intra-axonal Diffusivity
o
o

o
2

-10 0 10
Purpose
(Cov Adjusted)

©
=)

(Cov Adjusted)
o o o
N o ©

Intra-axonal Diffusivity
o
o

10 0 10 20 30
Age
(Cov Adjusted)





OEBPS/Images/fpsyt-15-1355998-g003.jpg
>
o
FS

e
w

Neurite Density Index
(Cov Adjusted)
e
N

-10 0 10
Purpose
(Cov Adjusted)
Cc
x
3
B 30.4
- o
20
2
8 < 0.3
>
2o
2
Zz 02
10 0 10 20 30
Age
(Cov Adjusted)
E
0.35
c
]
§§0.30
= ®
= 3
% 2‘0 25
°3
£00.20
)
<
0.15
-10 0 10
Purpose
(Cov Adjusted)
G
0.35
¢
2
§§0.30
= ®
-
2350.25
T <
%3
£00.20
)
<
0.15
10 0 10 20 30

Age
(Cov Adjusted)






