1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Brain Imaging Behav. Author manuscript; available in PMC 2017 June O1.

-, HHS Public Access
«

Published in final edited form as:
Brain Imaging Behav. 2016 June ; 10(2): 455-463. doi:10.1007/s11682-015-9405-5.

Cognitive activity, cognitive function, and brain diffusion
characteristics in old age

Konstantinos Arfanakis!:23, Robert S. Wilson?45, Christopher M. Barth®, Ana W.
Capuano?4, Anil Vasireddil, Shengwei Zhang?l, Debra A. Fleischman24>, and David A.
Bennett2:4

Konstantinos Arfanakis: arfanakis@iit.edu

1Department of Biomedical Engineering, Medical Imaging Research Center, M-102, lllinois
Institute of Technology, 3440 South Dearborn St., Chicago, IL 60616, USA

2Rush Alzheimer’s Disease Center, Rush University Medical Center, Chicago, IL, USA

3Department of Diagnostic Radiology and Nuclear Medicine, Rush University Medical Center,
Chicago, IL, USA

4Department of Neurological Sciences, Rush University Medical Center, Chicago, IL, USA

SDepartment of Behavioral Sciences, Rush University Medical Center, Chicago, IL, USA

Abstract

The objective of this work was to test the hypotheses that a) more frequent cognitive activity in
late life is associated with higher brain diffusion anisotropy and lower trace of the diffusion tensor,
and b) brain diffusion characteristics partially mediate the association of late life cognitive activity
with cognition. As part of a longitudinal cohort study, 379 older people without dementia rated
their frequency of participation in cognitive activities, completed a battery of cognitive function
tests, and underwent diffusion tensor imaging. We used tract-based spatial statistics to test the
association between late life cognitive activity and brain diffusion characteristics. Clusters with
statistically significant findings defined regions of interest in which we tested the hypothesis that
diffusion characteristics partially mediate the association of late life cognitive activity with
cognition. More frequent cognitive activity in late life was associated with higher level of global
cognition after adjustment for age, sex, education, and indicators of early life cognitive enrichment
(1p=0.001). More frequent cognitive activity was also related to higher fractional anisotropy in the
left superior and inferior longitudinal fasciculi, left fornix, and corpus callosum, and lower trace in
the thalamus (p<0.05, FWE-corrected). After controlling for fractional anisotropy or trace from
these regions, the regression coefficient for the association of late life cognitive activity with
cognition was reduced by as much as 26 %. These findings suggest that the association of late life
cognitive activity with cognition may be partially mediated by brain diffusion characteristics.
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Introduction

More frequent cognitive activity in late life is associated with a slower rate of cognitive
decline (Ghisletta et al. 2006; Hultsch et al. 1999; Schooler and Mulatu 2001; Wilson et al.
2003, 2012), even after controlling for the effects of early life experiences and
neuropathologies typically linked to late life dementia and cognitive impairment (Wilson et
al. 2013a). This suggests that late life cognitive activity influences cognition through an
association with cognitive or neural reserve (Hall et al. 2009; Stern 2012; Wilson et al.
2007). The neurobiological basis of this association is not well understood, but is thought to
include in part neuronal density (Katzman et al. 1988; Wilson et al. 2013b) and synaptic
proteins (Honer et al. 2012).

Neuroimaging research suggests that cognitive activity can lead to changes in brain
characteristics including brain tissue structure as assessed by diffusion-weighted magnetic
resonance imaging (MRI). More specifically, cross-sectional studies have shown that
occupations (Imfeld et al. 2009; Roberts et al. 2010) or experiences (Lee et al. 2010)
challenging particular cognitive functions are associated with differences in brain diffusion
characteristics, and longitudinal neuroimaging studies have consistently shown changes in
brain diffusion of persons after cognitively demanding training (Chapman et al. 2015;
Engvig et al. 2012; Lévdén et al. 2010; Sagi et al. 2012; Schlegel et al. 2012). These
changes in brain diffusion characteristics were attributed to alterations in brain tissue
structure due to cognitive activity. Therefore, one plausible mechanism for the influence of
late life cognitive activity on cognition may be that frequent participation in cognitively
stimulating pursuits in late life may enhance brain tissue structural integrity, increasing
efficiency of related cognitive systems and enhancing cognitive reserve. However, a recent
study reported lack of an association between late life cognitive activity and brain diffusion
characteristics (Gow et al. 2012).

In the present study, we examined associations among late life cognitive activity, cognition,
and brain diffusion characteristics as assessed by diffusion tensor magnetic resonance
imaging (DTI) (Le Bihan et al. 2001). Older persons without dementia participating in the
Rush Memory and Aging Project (Bennett et al. 2012) rated their frequency of participation
in cognitively stimulating activities, completed a battery of cognitive function tests, and
underwent brain DTI. In analyses, we established the association of late life cognitive
activity with cognition, and tested the hypotheses: a) that more frequent cognitive activity in
late life is associated with higher brain diffusion anisotropy and lower trace of the diffusion
tensor (typically representing higher brain tissue structural integrity), and b) that brain
diffusion characteristics partially mediate the association of late life cognitive activity with
cognition.
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All participants are from the Rush Memory and Aging Project (Bennett et al. 2012), an
ongoing longitudinal clinical-pathologic cohort study of aging and Alzheimer’s disease that
began in 1997. Eligibility requires agreement to annual clinical evaluations and brain
donation at death. Persons included in the present study also agreed to biannual brain MRI.
All participants provided written informed consent. The study was approved by the
institutional review board of Rush University Medical Center.

Participants underwent annual uniform structured clinical evaluations, including medical
history, neurological examination, and cognitive function testing (Bennett et al. 2006a, b). A
diagnosis of dementia and Alzheimer’s disease was determined in accordance with the
criteria of the National Institute of Neurological and Communicative Disorders and Stroke
and the Alzheimer Disease and Related Disorders Association (McKhann et al. 1984). Mild
cognitive impairment (MCI) was classified in persons who had cognitive impairment but did
not meet dementia criteria (Boyle et al. 2006). MR images were reviewed by a
neuroradiologist. Participants with dementia, brain surgery, large infarcts, or structural brain
abnormalities (e.g., tumors) not typical of aging and visible with MRI, were excluded.
Persons with white matter lesions appearing hyper-intense in To-weighted images (often
referred to as white matter hyperintensities, WMHS), small infarcts, or microbleeds were not
excluded.

At the time of these analyses, 1556 participants had completed the baseline clinical
evaluation. Of these, 362 died and 59 withdrew from the study before the MRI sub-study
began in February of 2009. Of the remaining 1135 persons, 444 had at least one brain MRI.
Of those, 48 were excluded due to dementia and 17 due to other exclusion criteria or image
artifacts discovered during quality checks. Analyses are based on the remaining 379
participants. They had a mean age of 82 years (SD=7), a mean of 15 years of education
(SD=3), a mean Mini-Mental State Examination score of 28.5 (SD= 1.5) at the time of MRI,
and 77 % were women.

Assessment of cognitive activity and cognitive resources

Participants rated their early life (at baseline only) and current (annually) frequency of
participation in cognitively stimulating activities on a scale from 1 to 5 (1: indicated
participation in the activity once a year or less; 2: several times a year; 3: several times a
month; 4: several times a week; 5: every day or almost every day) using a structured
questionnaire. There were 30 items on early life cognitive activity (11 about childhood, 10
about young adulthood, and 9 about middle age) and 7 items on current activity (Wilson et
al. 2005). Activities included reading a newspaper, writing letters, visiting a library,
attending a play, and playing games such as chess or checkers. Composite measures of early
life and current cognitive activity were constructed by averaging item scores from each
period (Wilson et al. 2005) (possible range of values for each composite measure was 1 to
5). A higher score on this late life cognitive activity scale has been associated with less rapid
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cognitive decline (Wilson et al. 2007, 2012, 2013a) and lower risk of developing MCI and
Alzheimer’s disease (Wilson et al. 2007).

Participants were also asked about the availability of cognitive resources (e.g., atlas,
encyclopedia, globe) in their home at ages 12 and 40 (Wilson et al. 2005). The number of
resources (out of 8) at each age were added to yield an early life cognitive resource score
(possible range of values was 0 to 8).

Assessment of cognition

A battery of 21 cognitive tests was administered annually (Bennett et al. 2006a, 2012)
including the Mini-Mental State Examination, the Complex Ideational Material, 7 episodic
memory tests, 3 semantic memory tests, 3 working memory tests, 4 perceptual speed tests,
and 2 visuospatial ability tests. The Mini-Mental State Examination was used only for
descriptive purposes and the Complex Ideational Material was only used for diagnostic
classification. Raw scores on the remaining 19 tests were converted to z-scores. A person’s
z-scores across all 19 tests were averaged to yield a single composite global cognitive score.
Composite scores for each of the five cognitive domains (episodic memory, semantic
memory, working memory, perceptual speed, visuospatial ability) were constructed by
averaging the z-scores from the corresponding individual tests (Bennett et al. 2006a, 2012;
Wilson et al. 2005).

Image acquisition

Brain MR imaging was conducted on all participants using a 1.5 Tesla General Electric MRI
scanner (Waukesha, WI). High-resolution T4-weighted anatomical data was obtained using a
3D magnetization-prepared rapid acquisition gradient-echo (MPRAGE) sequence with:
echo-time (TE)= 2.8 msec, repetition time (TR)=6.3 msec, preparation time= 1000 msec,
flip-angle=8°, field-of-view (FOV)=24 cmx24 cm, 160 sagittal slices, slice thickness=1 mm,
224x192 acquisition matrix, and two repetitions. T,-weighted fluid attenuated inversion
recovery (FLAIR) data was collected on all participants using a 2D fast spin-echo sequence
with: TE= 120 msec, TR=8 s, inversion time=2 s, FOV=24 cmx24 cm, 42 oblique axial
slices, slice thickness=3 mm, 256x224 acquisition matrix. Finally, spin-echo echo-planar
DTI data was obtained for all participants using: TE=84.6 msec, TR=5.4 s, FOV=24 cmx24
cm, 36 axial slices, slice thickness=3 mm, 128x128 acquisition matrix, b=900 s/mm? for 12
diffusion directions, and two b=0 s/mm? volumes. The DTI data acquisition was repeated 6
times for a total of 72 diffusion-weighted and 12 b=0 s/mm?2 image volumes.

Image processing

WMHs were automatically segmented for each participant using a support vector machine
classifier based on both MPRAGE and FLAIR information. For the DTI data, corrections for
bulk motion and distortions due to eddy-currents and magnetic field non-uniformities, B-
matrix reorientation, and diffusion tensor calculation were conducted using TORTOISE
(www.tortoisedti.org). Maps of the fractional anisotropy (FA), trace of the diffusion tensor,
axial and radial diffusivity were produced (Le Bihan et al. 2001). Next, the WMH mask of
each participant was transformed to the space of the corresponding processed DTI data
based on the transformation of the FLAIR image volume to the preprocessed b=0 s/mm?
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volume. A detailed description of the image processing steps can be found in Arfanakis et al.
(2013).

Statistical analysis

We first used Spearman correlation to assess associations of late life cognitive activity with
global cognition, age, level of education, and early life cognitive activity and resources, and
Student’s ttest to assess the association of late life cognitive activity with sex. We then used
multiple linear regression to test the association of global cognition (dependent variable)
with late life cognitive activity, controlling for age, sex, level of education, and early life
cognitive activity and resources.

We tested the hypothesis that more frequent cognitive activity in late life is associated with
higher brain diffusion anisotropy and lower trace of the diffusion tensor, in voxel-wise
analyses using Tract-Based Spatial Statistics (Smith et al. 2006). For that purpose, the FA
volumes from all participants were non-linearly spatially transformed to the mean FA
template of the IT Human Brain Atlas (v.3.2) (www.iit.edu/~mri) (Varentsova et al. 2014).
The local FA maxima from each participant’s spatially transformed FA volume were then
projected onto the white matter skeleton (Smith et al. 2006) of the IIT Human Brain Atlas (v.
3.2). The same projection parameters were used to project the trace, axial diffusivity, radial
diffusivity, and WMH mask values onto the white matter skeleton. Multiple linear regression
was then used to test the association of FA along the white matter skeleton (dependent
variable) with late life cognitive activity, while controlling for age, sex, level of education,
early life cognitive activity and resources, and presence of WMHs voxel-wise. Separate
multiple linear regression models were used to test the association of trace, axial and radial
diffusivity (dependent variables) with late life cognitive activity, controlling for the same
covariates mentioned above. The null distribution was built using the “randomise” tool in
FSL (FMRIB, University of Oxford, UK) and 5000 permutations of the data. Differences
were considered significant at p<0.05, Family Wise Error corrected. The Threshold-Free
Cluster Enhancement method was used to define clusters with significant differences (Smith
and Nichols 2009).

We then tested the hypothesis that diffusion characteristics in clusters derived from the
voxel-wise analyses partially mediate the association of late life cognitive activity with
cognition. Mediation analysis included a sequence of three linear regression models testing
a) if late life cognitive activity was a significant predictor of a cluster’s FA, b) if the FA of a
cluster was related to cognition, and c) if the FA contribution reduced the effect of late life
cognitive activity by entering both variables as predictors of cognition. First, for each cluster
that showed a significant association of FA with late life cognitive activity in the voxel-wise
analysis, we extracted the mean FA of that cluster for each participant. The multiple linear
regression conducted in the voxel-wise analysis was repeated per cluster, using the mean FA
of the cluster as the dependent variable, and replacing the parameter controlling for the
presence of WMH in a voxel with the percent of the cluster occupied by WMHSs. Multiple
linear regression was then used in each cluster to test the association of global cognition
(dependent variable), as well as the performance in each of the five cognitive domains
separately, with mean FA in the cluster, controlling for the same covariates as above. For
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these domains that showed a significant link to both mean FA of a cluster and late life
cognitive activity, multiple linear regression was conducted including both the mean FA of
the cluster and late life cognitive activity as independent variables, and controlling for the
same covariates as above. We then calculated the indirect effect of late life cognitive activity
on cognition through FA using bootstrap and bias corrected confidence intervals. The
percent change in the regression coefficient of the late life cognitive activity term after
adding the mean FA of a cluster in the model was also calculated. The same mediation
analysis was repeated for clusters exhibiting significant links between the trace of the
diffusion tensor and late life cognitive activity in the voxel-wise analysis (using mean trace
of the cluster in the mediation analysis instead of mean FA). Throughout this section
correlations were considered significant at p<0.05.

Cognitive activity and cognition

The measure of late life cognitive activity had a mean of 3.3 (SD=0.6; range 1.1 to 4.6).
More frequent late life cognitive activity was associated with higher levels of education
(Table 1), early life cognitive activity and resources, but was not related to age (Table 1) or
sex (t[377]=-0.66, p=0.51). The mean global cognition score was 0.3 (SD=0.5; range —1.8
to 1.5). Linear regression showed that higher level of late life cognitive activity was
associated with higher level of global cognition (estimate=0.15, standard error [SE]=0.04,
p=0.001) controlling for age, sex, education, and early life cognitive activity and resources.

Cognitive activity and brain diffusion characteristics

We tested the hypothesis that more frequent cognitive activity in late life is associated with
higher FA and lower trace of the diffusion tensor in the brain. As hypothesized, more
frequent late life cognitive activity was related to higher FA values in a number of white
matter regions, controlling for age, sex, education, early life cognitive activity and resources,
and presence of WMHSs voxel-wise (p<0.05) (Fig. 1). These regions included the left
superior and inferior longitudinal fasciculi, left fornix, and the genu and body of the corpus
callosum (Fig. 1). Higher level of late life cognitive activity was also related to lower trace,
axial, and radial diffusivity in the thalamus, controlling for the same covariates (0<0.05)

(Fig. 2).

Cognitive activity, cognition, and brain diffusion characteristics

To test the hypothesis that brain diffusion characteristics partially mediate the association of
late life cognitive activity with cognition, we first grouped voxels with significant
correlations between diffusion measures and late life cognitive activity into 5 clusters, and
extracted average diffusion characteristics from each cluster. Cluster 1 was the largest and
included the voxels with significant findings in the left superior and inferior longitudinal
fasciculi (Fig. 1); cluster 2 included the voxels in the left fornix (Fig. 1); cluster 3 included
the voxels in and near the genu (Fig. 1); cluster 4 included the voxels in the body of the
corpus callosum (Fig. 1); and cluster 5 included the voxels in the thalamus (Fig. 2). In each
cluster, linear regression using average diffusion characteristics showed similar associations
between diffusion measures and late life cognitive activity as in the voxel-wise analyses.
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Higher mean FA values in clusters 1-4 and lower mean trace values in cluster 5 were
associated with higher levels of global cognition (Table 2, Model A). The partial mediation
effect of mean FA from cluster 1 and cluster 2 on the association of late life cognitive
activity with global cognition was 0.04 (95 % CI 0.01 to 0.08) and 0.03 (95 % CI 0.01 to
0.07), respectively, corresponding to a decrease in the regression coefficient of late life
cognitive activity by 26 and 22 %, respectively (Table 2, Model B) (Fig. 3).

We repeated the analyses separately for each of the individual cognitive domains. Higher
mean FA values in clusters 1-4 were associated with higher levels of semantic memory
(Table 3, Model A) and perceptual speed (Table 4, Model A), in clusters 1 and 2 with higher
levels of episodic memory (Table 5), and in clusters 3 and 4 with higher levels of visuo-
spatial ability (Table 5). Higher mean trace values in cluster 5 were associated with lower
levels of perceptual speed (Table 4, Model A). The partial mediation effect of mean FA from
cluster 1 and cluster 2 on the association of late life cognitive activity with semantic memory
was 0.04 (95 % CI 0.02 to 0.08) for both clusters, corresponding to a decrease in the
regression coefficient of late life cognitive activity by 23 and 20 %, respectively (Table 3,
Model B). The partial mediation effect of mean FA from clusters 1-4, and mean trace from
cluster 5, on the association of late life cognitive activity with perceptual speed was: [cluster
1 FA: 0.06 (95 % CI 0.03 to 0.11)], [cluster 2 FA: 0.05 (95 % CI 0.02 to 0.09)], [cluster 3
FA: 0.03 (95 % CI 0.01 to 0.07)], [cluster 4 FA: 0.03 (95 % CI 0.01 to 0.07)], [cluster 5
trace: 0.05 (95 % CI 0.02 to 0.09)], corresponding to a decrease in the regression coefficient
of late life cognitive activity by 21, 18, 12, 10 and 16 %, respectively (Table 4, Model B).

Discussion

Older persons without dementia participating in the Rush Memory and Aging Project
(Bennett et al. 2012) rated their frequency of participation in cognitively stimulating
activities, completed a battery of cognitive function tests, and underwent brain DTI. More
frequent cognitive activity in late life was associated with higher level of global cognition
after adjustment for age, sex, education, and indicators of early life cognitive enrichment.
More frequent late life cognitive activity was also related to higher FA in the left superior
and inferior longitudinal fasciculi, left fornix, and corpus callosum (genu and body), and
lower trace of the diffusion tensor in the thalamus. After controlling for FA or trace from
these regions, the regression coefficient for the association of late life cognitive activity with
cognition was reduced by as much as 26 %.

The finding that more frequent cognitive activity in late life was associated with higher level
of global cognition is consistent with previous work (Ghisletta et al. 2006; Hultsch et al.
1999; Schooler and Mulatu 2001; Wilson et al. 2003, 2012, 2013a). The important new
finding was that brain diffusion characteristics were shown to partially mediate this
association. Recent work demonstrated that the link between late life cognitive activity and
cognition is independent of neuropathologic burden (Wilson et al. 2013a), supporting the
cognitive reserve hypothesis. This suggests that more frequent late life cognitive activity
enhances cognition by enhancing one or more brain properties, and this set of brain
properties contributes to cognitive reserve. Consequently, our finding that the association of
late life cognitive activity with cognition was partially mediated by brain diffusion
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characteristics suggests that these may be some of the brain properties supporting the link
between late life cognitive activity and cognition. Diffusion characteristics may therefore
constitute components of neural reserve, counterbalancing cognitive loss associated with
neuropathology.

Although brain diffusion characteristics are closely linked to structural tissue properties such
as axonal density, axonal diameter, degree of myelination, and intravoxel coherence of
axonal orientation (Sen and Basser 2005), DT measures are non-specific and, therefore, the
precise tissue properties involved in the observed associations of diffusion characteristics
with late life cognitive activity and cognition are uncertain. Nevertheless, animal studies
have shown that neuroplasticity induced by cognitive training or different experiences may
include neurogenesis, synaptogenesis, dendrogenesis, axonal or synaptic sprouting, changes
in morphology of astrocytes, and increased myelination, and that these changes may be
detectable by DTI (Blumenfeld-Katzir et al. 2011; Buschkuehl et al. 2012; Markham and
Greenough 2004; Sagi et al. 2012). The higher FA and lower trace, axial and radial
diffusivity detected for higher levels of late life cognitive activity, are consistent with the
neuroplastic mechanisms observed in animal studies. Histological investigation of brain
structural properties as a function of late life cognitive activity is warranted.

The significant role of clusters 1-5 in the association of late life cognitive activity with
cognition as demonstrated in this work is in general agreement with existing knowledge
about the functional significance of the underlying brain regions. Cluster 1 included the left
inferior longitudinal fasciculus, which has been linked to thought disorders, visual emotion
and cognitive impairment (Chanraud et al. 2010), the arcuate fasciculus, heavily implicated
in language (Makris et al. 2005), the superior longitudinal fasciculus 11, involved in the
perception of the visual space and focusing of attention in different parts of space (Makris et
al. 2005), and the superior longitudinal fasciculus 11, involved in the articulatory component
of language (Makris et al. 2005). Cluster 2 included the fornix, which is important in
formation of memory and global cognitive function (Rudebeck et al. 2009). Clusters 3 and 4
included the genu and anterior body of the corpus callosum, structures that are important to
the efficiency of inter-hemispheric communication, and are linked to perceptual speed
(Bucur et al. 2008) and cognitive decline in aging (L6vdén et al. 2010). Finally, cluster 5
included portions of the thalamus, a major relay of information not only between the
periphery and the cortex, but also between cortical areas (Sherman 2007). The cognitive
activities and functions assessed in this study are linked to the brain functions supported by
tissue in clusters 1-5. For example, language, focusing attention in different parts of space,
formation of memory, communication between hemispheres and cortical areas, play a
central role in the cognitive activities and functions assessed. This suggests that frequent
participation in cognitive activities in late life may enhance the structural properties of brain
tissue supporting the function involved in these activities, thereby strengthening related
cognitive systems.

A recent study reported lack of an association between late life cognitive activity and brain
diffusion characteristics (Gow et al. 2012). A number of factors may have contributed to this
discrepancy. First, the previous work investigated selected white matter fiber bundles, some
of which we also do not report significant findings in. Second, due to substantial normal
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variation of diffusion characteristics within a fiber bundle, averaging diffusion
characteristics over all voxels in a bundle may have reduced sensitivity in the previously
published work. Furthermore, the previous study did not control for white matter
hyperintensities in regression models testing the association of diffusion characteristics with
cognitive activity. Finally, differences in demographic characteristics as well as the activities
assessed may have also contributed to the lack of an association between late life cognitive
activity and brain diffusion characteristics in the study by Gow et al. 2012.

Strengths and limitations of our study should be noted. A large number of older persons
without dementia participated in this research. Cognitive activity and cognition were
assessed with psychometrically established scales, minimizing measurement error. Thorough
image processing and voxel-wise statistical analysis provided high data quality, minimized
errors due to inter-subject mis-registration, and controlled for white matter hyperintensities.
One limitation is that assessment of early life cognitive activity was based on retrospective
report, which may have limited accuracy. In addition, due to the cross-sectional nature of
this study, the directionality of the presented relations cannot be established. Finally, the
cohort is selected and, therefore, the generalizability of the results will need to be
demonstrated.

In conclusion, more frequent cognitive activity in late life was shown to be associated with
higher level of cognition, in agreement with previous work. Since prevention of cognitive
decline is currently the best strategy for reducing the burden of cognitive impairment, more
frequent participation in cognitively stimulating activities in late life may be an important
behavior modification for enhancing cognition. Furthermore, it was demonstrated that brain
diffusion characteristics partially mediated the association of late life cognitive activity with
cognition. Brain diffusion characteristics may therefore constitute components of neural
reserve, influencing the brain’s capacity to tolerate pathology. Additional work is warranted
to establish causality in the presented relations involving brain diffusion characteristics, to
identify additional pathways that may enhance diffusion characteristics, and to ascertain the
different components of neural reserve.
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Fig. 1.
Regions of the white matter skeleton in which more frequent late life cognitive activity was

related to higher FA are shown in yellow (controlling for age, sex, level of education, early
life cognitive activity and resources, and presence of WMHSs voxel-wise) (p<0.05, corrected
for multiple comparisons). The location of clusters 1-4 used in the region of interest
analyses is shown. Mean FA maps of the IIT Human Brain Atlas (v.3.2) (grayscale) and the
corresponding white matter skeleton (green color) are shown in the background
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Fig. 2.
Regions of the thalamus in which more frequent late life cognitive activity was related to

lower trace, axial and radial diffusivity are shown in blue (controlling for age, sex, level of
education, early life cognitive activity and resources, and presence of WMHSs voxel-wise)
(p<0.05, corrected for multiple comparisons). The location of cluster 5 used in the region of
interest analyses is shown. Mean FA maps of the IIT Human Brain Atlas (v.3.2) (grayscale)
and the corresponding white matter skeleton (green color) are shown in the background
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Fig. 3.

Plot of the total (so/id line) versus direct (aashed lines) effect of late life cognitive activity
on global cognition. The black and gray dashed lines represent the effect that is not mediated
by the mean FA of cluster 1 and 2, respectively. The difference in slope between the solid
and dashed lines is due to partial mediation of mean FA from clusters 1 and 2 on the
association of late life cognitive activity with global cognition
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