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Abstract

Background—Greater psychological resilience may protect against developing depression in a
growing geriatric population. Identifying the neural correlates of resilience in geriatric depression
could provide neurobiological targets to inform clinical interventions. However, most prior
neuroimaging studies have only considered the presence or absence of resilience and have not
addressed the multifactorial nature of resilience. The current study aimed to establish the neural
correlates of four factors of resilience in the depressed elderly.

Methods—White matter integrity was assessed using diffusion-weighted magnetic resonance
imaging (DW-MRI) data collected from 70 older adults with major depressive disorder. We used
four resilience factors previously derived in an exploratory factor analysis of the Connor-Davidson
Resilience Scale in a large sample of depressed older adults: 1, grit; 2, active coping self-efficacy;
3, accommodative coping self-efficacy, and 4, spirituality.

Results—The Resilience factor “grit” was positively associated with fractional anisotropy in the
callosal region connecting prefrontal cortex and fractional anisotropy in cingulum fibers, however,
the latter did not survive correction for multiple comparisons.

Conclusion—Structural integrity of major white matter pathways implicated in cognitive control
and emotion regulation (i.e., connecting prefrontal cortex) was positively associated with the
resilience factor “grit” in our sample of older adults with depression. Prospective studies are
needed to determine the utility of the structural integrity of these pathways as a biomarker in
predicting risk for depression and treatment response.
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The world’s population is rapidly aging, with the number of adults over the age of 65
expected to increase more than 60% in the next 15 years (1). Roughly 7% of adults aged 75
and older suffer from major depression (2), underscoring the importance of developing new
and effective interventions for the treatment and prevention of geriatric depression.
Psychological resilience, “the ability to maintain or regain mental health, despite
experiencing adversity” (3) has been shown to predict wellbeing, longevity, and reduced risk
of depression onset in the elderly (4, 5). Furthermore, individuals with greater resilience may
be more responsive to psychiatric medications and cognitive behavioral therapy (6). A
variety of resilience measures have been developed (4, 5, 7). Among these, the Connor-
Davidson Resilience Scale (CD-RISC) (8), the Resilience Scale for Adults (RSA) (9), and
the Brief Resilience Scale (BRS) (10) were identified in a recent review as having the
strongest psychometric properties (11). However, even among these validated measures,
conceptualizations of resilience are variable. While the CD-RISC and RSA focus on
psychosocial protective factors (e.g., personal competence, close relationships), the BRS
measures physiological reactions to stress (e.g., time required to recover from an acute
stressor). The consensus is that resilience is a complex, multifactorial and dynamic system
including bidirectional interactions between psychosocial and biological variables (12).
Developing a model of resilience that links multiple factors of resilience to their unique
neural mechanisms may inform the development of novel diagnostic tools and eventually
facilitate the development of more targeted interventions for the treatment and prevention of
mood disorders (7, 12-14).

Non-invasive neuroimaging techniques may clarify associations between discrete
psychological resilience factors and their corresponding neurobiological mechanisms.
However, it is also possible that some psychosocial factors of resilience may not exhibit
clear neural underpinnings and may instead rely on diffuse and overlapping functional
systems in the brain. Resilience could be examined in terms of integrity of specific neural
pathways and structural and functional connectivity between brain regions. While several
functional magnetic resonance imaging (fMRI) studies have investigated associations of
resilience with regional patterns of gray matter activation (12, 15, 16) and functional
connectivity (17), few have addressed the relationship with white matter integrity and
structural connectivity (18) using diffusion-weighted MRI (DW-MRI) (19-21). White matter
abnormalities are amongst the most commonly identified imaging abnormalities in geriatric
depression (21), and in aging more broadly (22). Moreover, DW-MRI measures are very
sensitive to cardiovascular risks (23) which are associated with higher vulnerability to
geriatric depression (24-26). Together, these findings suggest that white matter integrity is a
plausible biomarker of resilience in geriatric depression. However, to our knowledge this
hypothesis has not yet been tested.
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Several DW-MRI studies have linked white matter connectivity to resilience in non-geriatric
samples. For example, one recent study used diffusion tensor imaging (DTI) to examine
fractional anisotropy (FA; an index of white matter integrity) in traumatized African
American women with and without posttraumatic stress disorder (PTSD) (27). Lower FA in
the posterior cingulum connecting the anterior cingulate (ACC) and hippocampus was
observed in individuals with PTSD compared to those without. This suggests that regional
reductions in white matter FA may serve as a possible marker of risk for PTSD. Similarly,
researchers have proposed that the microstructure of the cingulum may indicate resilience
vs. vulnerability to depression (19). The radiations of the anterior corpus callosum have
further been implicated. For example, one MRI study investigated DTI metrics in the corpus
callosum among 123 adolescents with high lifetime exposure to stress (28). They found
greater white matter integrity (higher FA) within the anterior corpus callosum in more
resilient adolescents (defined as those with fewer behavioral and emotional disturbances).
Further, Frodl and colleagues revealed that compared to healthy controls, individuals at high
risk for depression (i.e., first-degree unaffected healthy relatives of individuals with major
depressive disorder (MDD) and those with greater early life adversity) had greater FA in the
body and splenium of the corpus callosum, the inferior fronto-occipital fasciculus, the left
superior longitudinal fasciculus, and the right fornix (29). Because these individuals did not
develop depression despite their elevated risk, the authors hypothesized that higher indices
of white matter integrity might indicate greater resilience.

In their seminal review, Feder and colleagues (13) advocate for a translational model of
resilience that incorporates both neurobiological and psychosocial resilience factors. The
authors identify five psychosocial factors of resilience and propose possible neurobiological
underpinnings of each: 1) facing fears and active coping involving the hypothalamus-
pituitary-adrenal (HPA) axis, 2) optimism and positive emotions recruiting the mesolimbic
dopamine system, 3) cognitive reappraisal, positive reframing and acceptance involving
cortico-limbic circuits involved in processes of memory suppression, memory consolidation
and cognitive control of emotions, 4) social competence and social support involving brain
circuits related to reward value of social attachments and fear responses, and 5) purpose in
life, a moral compass, meaning and spirituality, potentially recruiting more diffuse brain
areas not currently well-defined.

The current study responds to Feder and colleagues’ challenge by addressing the
associations between psychosocial factors of resilience and the regional integrity of white
matter microstructure in geriatric depression. Our approach acknowledges the multifactorial
nature of resilience by using four resilience factors previously identified in an exploratory
factor analysis (EFA) of the CD-RISC in a large sample of older adults with depression (30)
(of which the current data are a subset). In that study, each of these factors was found to be
negatively correlated with clinical factors such as depression and apathy and positively
correlated with quality of life.

We aimed to identify white matter brain correlates of these factors in the context of a
combined neuropsychosocial model of resilience. Based on existing evidence, we expected
that the higher FA in the frontal cortical projections would be associated with higher grit
factor of resilience while higher accommaodative coping self-efficacy would be associated
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with higher FA in pathways of the dopaminergic reward system (more ventral limbic fiber
tracts).

Methods

Participants

Data comprised baseline diagnostic interviews and baseline neuroimaging from three
clinical trials (one published (31) (NCT00602290) and two ongoing (NCT02460666,
NCT01902004)) conducted with depressed adults aged 60 and over at UCLA. Data
collection took place between 2015 and 2017. Inclusion criteria were: (1) diagnosis of MDD
as defined by Diagnostic and Statistical Manual (DSM)-1V-TR (32) or DSM 5 (33) and (2)
normal cognitive functioning as defined by Mini-Mental State Exam (MMSE) score of 24 or
greater. Exclusion criteria were: (1) history of any psychiatric disorder (with the exception of
a stable comorbid anxiety disorder or stable comorbid insomnia); (2) acute suicidal ideation
or suicide attempt within the past year; (3) severe or acute unstable medical illness or
neurological disorder; (4) dementia. Participants were required to be free of psychotropic
medications for at least two weeks. All study procedures were approved by the UCLA
Institutional Review Board. Table 1 provides clinical characteristics of the sample.

Measures

Participants completed the CD-RISC (8), a resilience scale validated for use in a variety of
clinical populations, including older adults (34). The scale consists of 25 statements.
Participants are asked to indicate the extent to which each statement has been true for them
over the past month using a 4-point scale: (0) not true at all; (1) rarely true; (2) sometimes
true; (3) often true; and (4) true nearly all of the time. Total scores range from 0-100, with
higher scores indicating greater resilience, and an average score of about 80 (SD=12.8)
reported in the general U.S. population (8). We used factors previously identified in our EFA
of the CD-RISC in a large sample (N=337) of older adults (=60 years) with MDD. Factors
(with example items) were: Factor 1, grit (“I have a strong sense of purpose”; “When things
look hopeless, | don’t give up”); Factor 2, active coping self-efficacy (“I prefer to take the
lead in problem solving”); Factor 3, accommaodative coping self-efficacy (“I am able to
adapt to change™); and Factor 4, spirituality (“I believe things happen for a reason”) (30). A
reliability analysis, using just the items making up each of the factors, yields Cronbach’s a
estimates of 0.89, 0.91, 0.90, 0.71 for factors 1 through 4 respectively. Data from the subset
of these participants who received neuroimaging with multimodal MRI are reported here;
means for each factor score are provided in Table 1.

Image Acquisition
Brain scans were acquired at the Ahmanson & Lovelace Brain Mapping Center at UCLA.
Thirty-four participants were scanned on a 3T Siemens Trio system with a 32-channel head
coil with following parameters: MB factor 3, voxel dimension 1.8 mms3 isotropic, FoV=190
mm, TR=3245ms, TE=84ms, 144 gradient directions and 12 bQ’s, 72 slices, flip angle=90°,
b-factor= 1000 s/mm?. Total scanning time was 8.39 minutes. Another 36 participants
underwent scanning after a hardware upgrade to a Siemens Prisma 3T system at the same
Center. Diffusion imaging parameters included: MB factor 4, voxel dimension 1.5 mm?3
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isotropic, FoV=210 mm, TR=3230ms, TE=89.20ms, 98 gradient directions and 7 b0’s, 92
slices, flip angle=78°, b-factor=1500 s/mm?2. Total scanning time was 11:08 minutes
including two acquisitions with anterior-posterior and posterior-anterior phase encoding.
Type of acquisition protocol was included in the analyses as a covariate.

A high-resolution T1-weighted structural brain scan was also obtained for co-registration
with diffusion images for each participant during the same scanning session using a similar
multi-echo MPRAGE sequence on both the Siemen’s Trio and Prisma systems: 176 sagittal
slices, 1 mm3 isotropic voxel size, TR=2150, TE=1,74, 3.6, 5.46, and 7.32 ms; FoV=256
mm; 256x256 matrix; T1 1260 ms; FA=7°.

DTI Processing

Diffusion imaging data was preprocessed using the Oxford Centre for Functional MRI of the
Brain (FMRIB) software library (FSL; http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/). The data
acquired on the Prisma scanner protocol went through topup distortion correction (35); Trio
data was registered to the T1 image to correct for anatomical distortions. Preprocessing steps
were otherwise the same for both protocols. First, diffusion data was corrected for distortion
and motion artifacts induced by eddy currents and head motion using affine registration of
each diffusion-weighted image to the first b=0 reference image, and gradient direction
vectors (b-vectors) were adjusted accordingly. Then non-brain tissue was removed from the
images using the Brain Extraction Tool and the diffusion tensor model was fitted to the data.
After tensor fitting, individual fractional anisotropy (FA), axial diffusivity (AD), radial
diffusivity (RD) and mean diffusivity (MD) maps were created for each participant. Using
the regular FSL Tract-Based Spatial Statistics (TBSS) workflow (36), FA individual maps
were then registered to the common FA image 1 mm template in MNI space and a group
white matter skeleton was created from FA maps and individual diffusion tensor imaging
(DTI) metrics were projected onto the skeleton. TBSS workflows have been well-validated
and described in detail (https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/TBSS). One-sample t-tests with
the four resilience factors as covariates of interest and age, sex and acquisition protocol as
nuisance covariates were performed on skeletonized FA images using nonparametric
permutation inference (37). Age, sex and acquisition protocol were added to the model as
covariates, because DTI metrics such as FA, AD, RD, MD have been reported as influenced
by age and gender (for example, (38, 39)) as well as acquisition protocol (40). The number
of permutations was set to 10000 and the results were corrected for multiple comparisons
using the threshold-free cluster enhancement method (TFCE) with p<0.05.

Additional ROI Analysis

Based on previous reports showing positive associations between resilience and DTI metrics
and the review by Feder and colleagues, we performed an additional hypothesis-driven
regions-of-interest (ROI) analysis. ROIs were derived from the ICBM-DTI-81 white-matter
labels probabilistic atlas (https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/Atlases). We hypothesized that
the grit factor of resilience, which is associated with cognitive control and emotion
regulation, may rely on prefrontal structural connectivity within including the genu of
corpus callosum (GCC) and cingulum bundle (CB - contains cingulum alongside the
cingulate cortex (CGC) and posterior cingulum (CGH)). Our active coping self-efficacy
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factor is conceptually similar to Feder’s “facing fears and active coping” hypothesized to
involve the HPA axis. Since there are no fiber bundles defined in currently available white
matter atlases that are directly relevant to the HPA axis (for example, the ansa peduncularis,
medial forebrain bundle and other fasciculi with hypothalamic connections), we predicted
that these effects might be evident in the voxel-wise whole brain TBSS analysis only. As
relevant to the accommodative coping self-efficacy factor, which incorporates optimism, we
considered the anterior limb of the internal capsule (ALIC) as a component of the
dopaminergic mesolimbic reward system. For all hypothesized pathways, we predicted that
positive associations would occur between our resilience factors and FA measurements.
Since there is less evidence concerning focal neural correlates of spirituality, we did not
generate any specific regional hypotheses for this factor.

Mean FA values were subsequently extracted from the individual skeletonized FA maps
using tract-based anatomical ROIs CB, GCC and ALIC. The corticospinal tract (CST) was
included as a control region, since it was not expected to associate with the resilience
factors. To examine associations between regional FA values within each ROl and resilience
measures (total, as well as individual factors), we used general linear mixed models with
repeated measures for each of the selected tract ROIs (CB, ALIC and CST), with
hemisphere (left, right) as the intra-subject classification variable, resilience scores as
predictors and age, sex, acquisition protocol as covariates as for the whole brain TBSS
analysis described above. For the GCC, which is not a lateralized ROI, a general linear
model was used with the same predictor and covariates. All tests were two-tailed and an
alpha level of 0.05 was adopted for all inferences. Since our ROI analyses were hypothesis
driven with directional predictions, we report statistics for all combinations of resilience
scores and FA ROls to show the specificity of obtained results.

Sample Characteristics

The average age of participants (N=70) was 70 years (range=60-83 years). The majority of
participants were White (80%) and female (69%), with an average of 16 years of education
(see Table 1).

Diffusion Tensor Imaging

Whole brain TBSS analysis revealed significant positive associations between FA and the
grit resilience factor in frontal cortex fibers (forceps minor) traversing the genu of the corpus
callosum (Figure 1, Table 2). Other DTI metrics (AD, RD, MD) did not show any significant
cluster corrected associations with factors of resilience in the whole brain TBSS analysis.

Follow-up ROI analysis revealed associations between grit and FA in GCC in line with
whole brain TBSS analysis, as well as in the CB, with higher white matter integrity being
associated with greater grit (Table 3; Figure 2). However, these results did not survive
correction for multiple comparisons which took into account the number of regions tested.
No significant results were obtained for the reward system-related ROl (ALIC), the control
ROI (CST) or the other resilience factors (Table 3).
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To determine whether the observed associations differ between older and younger adults, we
also examined the interaction of age with resilience scores. With FA of GCC or CB as the
outcome measures, the interaction terms were not significant (GCC: F(1,63)=2.2, p=.2; CB:
F(1,63)=3.3, p=.08).

Discussion

Although previous research has investigated associations between global resilience and
white matter microstructural correlates (19, 27, 28), recent studies suggest that resilience is
comprised of multiple factors, each of which may have distinct underlying biological
substrates. The current study expanded upon existing literature by examining the
relationship between brain white matter integrity and four factors of resilience previously
identified in a large sample of older adults with depression (30). Whole brain TBSS analysis
revealed significant positive associations between FA and grit in frontal cortex fibers
traversing the GCC. This finding provides support for the notion that resilience is comprised
of multiple psychosocial factors, each of which may have distinct underlying neurobiology.
Consistent with our regional and directional hypotheses, ROI analyses found that grit was
associated with FA in GCC and CB. ROI results should be interpreted with caution, as they
did not survive correction for multiple comparisons. Nevertheless, we believe they offer
preliminary evidence that grit (that is, “perseverance and passion for long-term goals”, or the
ability to remain goal-oriented in the face of obstacles (41)) may involve anterior corpus
callosum (GCC) projections including connections between prefrontal executive control
regions (42, 43). These areas have been previously identified as contributing to impulse
control (44) and emotion regulation via reappraisal (45), each constructs which have been
shown to be closely related to grit (46). Previous research indicates that decreased white
matter integrity of the corpus callosum is associated with poorer impulse control in
individuals with substance use and gambling disorders (47, 48) as well as higher suicidal
behavior in individuals with bipolar and borderline disorders (49, 50). Our results are
aligned with previous findings suggesting the contribution of interhemispheric anterior
corpus callosum structural integrity in resilience via emotion regulation and impulse control.

Our ROI results also suggest a possible association between grit and the cingulum. The
cingulum connects frontal cortex and limbic structures of the brain and is thought to underlie
processes of cognitive control (51) and emotion regulation (52). These results are consistent
with previous research on individuals at risk of psychiatric disorders which has indicated the
cingulum as a possible anatomical substrate of resilience (19, 27). Although this was an a
priori hypothesis, this result should nevertheless be interpreted with caution, as it did not
survive Bonferroni correction.

Contrary to expectations, no significant associations were observed between white matter
integrity parameters and any of the other three resilience factors. The null effects for the two
coping self-efficacy factors cannot be explained by differences in alpha reliability because
reliability was equally high for the active and accommodative coping self-efficacy factors
(0.91 and 0.90, respectively) as it was for grit (a=.89). The active coping self-efficacy factor
is conceptually similar to the “facing fears and active coping” construct hypothesized by
Feder and colleagues to involve the HPA axis (13). Since smaller or less myelinated white
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matter pathways such as the ansa peduncularis, medial forebrain bundle, and other fasciculi
with hypothalamic connections are less amenable to investigation with standard diffusion
imaging acquisition and metrics, future studies may benefit from the use of additional
biomarkers of HPA axis such as cortisol (53).

The accommodative coping self-efficacy factor contains elements of optimism which has
been shown to be associated with activity in the dopaminergic mesolimbic reward system
(54, 55). However, we found no significant associations between accommodative coping
self-efficacy and FA in portions of the mesolimbic reward system pathways (for example,
ALIC in ROI analyses). This negative result may be a consequence of the specificity of the
sample or limitations in extracting pathways of this functional network. Dopamine level
declines significantly with both age and depression (56, 57). In older depressed adults the
decrease of functionality of the dopamine system may render optimism more related to a
learned behavioral strategy than a biologically determined personal trait. If this hypothesis is
correct, the accommaodative coping self-efficacy factor of resilience may be a more
appropriate target for psychotherapy in geriatric depression, because it is related to
depression severity in this population (30). Investigation of the association between
optimism and the integrity of the dopaminergic mesolimbic reward system in depressed and
control subjects across the adult lifespan may help clarify this question.

Despite the relevance of spirituality in depressed populations (58) we found no associations
between indicators of white matter integrity and spirituality in our sample. It is possible that
the reduced alpha reliability observed in the spirituality factor (a=.71) may partially account
for this null finding. Several fMRI and cortical thickness studies (58, 59) have shown brain
correlates of several aspects of spiritual beliefs, suggesting that methods targeting gray
matter may be more sensitive to neural correlates of spirituality. Future studies may benefit
from using multimodal neuroimaging techniques to investigate neural correlates of
spirituality.

There are a few limitations to the current study. Our sample size was relatively small, thus
limiting statistical power. Our lack of non-depressed control group prevents conclusions
regarding the specificity vs. generalizability of our findings to depression. Similarly, because
all of our participants were above age 60, we cannot rule out the possibility that a similar
relation between grit and white matter integrity would be observed in younger adults with
depression. Furthermore, if the results are specific to geriatric depression, the cross-sectional
nature of the study means that it is impossible to determine the directionality of effects (i.e.,
whether those with higher FA are more able to maintain resilience with age or whether
resilience leads to a perseveration of FA). Finally, as noted above, standard diffusion
imaging methods may not be sufficiently sensitive to isolate alterations in smaller, more
complex pathways. Future research may benefit from the use of multiple imaging modalities
and biomarkers of stress responsivity to identify additional neurobiological correlates of
resilience.

The current study directly addresses Feder and colleagues’ call for a merged model of
resilience combining neurobiological and psychosocial factors to enhance understanding of
the underlying circuits and mechanisms of resilience (13). Although previous research has
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strongly implicated white matter abnormalities in the pathogenesis of geriatric vascular
depression (24-26), this study is the first to investigate the relation between white matter
microstructure and resilience in geriatric depression. Our novel approach of using resilience
factors previously identified in an EFA conducted in a large sample of older adults with
depression allowed the identification of white matter pathways uniquely associated with grit.
To the best of our knowledge, this is the first study to directly test for neural underpinnings
of distinct resilience factors and is thus an important step in improving our understanding of
the neurobiology of resilience.

Conclusion

Our findings provide further support for the conceptualization of resilience as a complex
system comprised of multiple factors by showing distinct links with pathway-specific brain
white matter integrity. The association between “grit” with FA in the GCC and CB is
consistent with prior research indicating the involvement of these regions in emotion
regulation and cognitive control. However, the association between “grit” and FA in the CB
did not survive correction for multiple comparisons and should therefore be interpreted with
caution. Future studies will benefit from larger samples of both depressed and non-depressed
individuals, the use of multimodal brain imaging, and comprehensive assessment of stress
responsivity to further our understanding of the neurobiological mechanisms of resilience
and eventually facilitate the development of more personalized treatments for geriatric
depression.
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Highlights

. White matter integrity in the Genu of the corpus callosum and cingulum was
associated with the Grit factor of resilience in geriatric depression.

. No white matter integrity correlates were found for the other resilience factors
(Active Coping Self-efficacy, Accommodative Coping Self-efficacy, and
Spirituality).

. These results provide further support for the conceptualization of resilience as

a complex dynamic system comprised of multiple factors with distinct
underlying neurobiology.
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Figure 1.
Results of TBSS analysis: in red the regions of significant positive association between Grit

and FA (o< 0.05, TFCE-corrected; see Table 2 for statistical details). Significant voxels are
overlaid on the group mean white matter skeleton (green) and the FA MNI template
(Montreal Neurological Institute).
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Figure 2.
Scatterplots with GLM fits demonstrating associations between Grit and FA in ROIs

(statistics are presented in Table 3). CB tract ROI is shown in blue and GCC tract ROl is
shown in red. Values for left and right CB were averaged for scatterplot. Effects of age,
gender and protocol type were regressed out.
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Table 1

Sample Characteristics

Total Sample
(N=70)
Sex (%)
Female 48 (68.6)
Male 22 (31.4)
Race (%)
White 56 (80.0%)
Hispanic 7 (10.0%)
Black 4 (5.7%)
Asian 2 (2.9%)
Other 1 (1.4%)
Age (SD) 70.46 (6.82)
Age of onset (SD) 44.59 (21.69)

Years since onset (SD) 26.76 (21.16)
Years of Education (SD)  16.13 (1.93)
MMSE (SD) 28.60 (1.33)
HAM-D (SD) 17.77 (2.92)

Note. SD: Standard deviation; HAM-D: Hamilton Depression Rating Scale; CD-RISC: Connor Davidson Resilience Scale.
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Associations of Fractional Anisotropy with Resilience Factors and Total Resilience

Table 3

. L
Brain regions

Factors CB GCC ALIC CST

Grit 4.47(0.04) 7.54(0.008) 1.14(0.29) 0.56 (0.46)
Active Coping Self-efficacy 0.44 (0.51) 0.27(0.60) 0.50(0.48) 0.63(0.43)
Accommodative Coping Self-efficacy  1.24 (0.27)  0.21(0.65)  0.10 (0.75)  0.70 (0.41)
Spirituality 0.99(0.32) 0.01(0.97) 1.14(0.29) 0.02(0.88)
Total CD-RISC 2.22(0.14) 0.87(0.35) 0.01(0.94) 0.16(0.69)

Note. CB: cingulum bundle; GCC: genu of corpus callosum; ALIC: anterior limb of the internal capsule; CST: corticospinal tract.
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*

Numbers presented are F(1,64) statistics (p-values in parentheses) obtained from general linear mixed models with repeated measures for CB,
ALIC and CST, with hemisphere (left, right) as the intra-subject classification variable, resilience scores as predictors and age, sex, acquisition
protocol as covariates. The observed relations between grit and FA continued to be significant in the absence of covariates. For GCC, which is not a
lateralized ROI, a general linear model was used with the same predictor and covariates as above.
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