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Structured Abstract

INTRODUCTION: The effects of sex, race, and Apolipoprotein E (APOE) — Alzheimer’s disease (AD)
risk factors — on white matter integrity are not well characterized.

METHODS: Diffusion MRI data from nine well-established longitudinal cohorts of aging were free-
water (FW)-corrected and harmonized. This dataset included 4,702 participants (age=73.06 + 9.75) with
9,671 imaging sessions over time. FW and FW-corrected fractional anisotropy (FArwcorr) Were used to
assess differences in white matter microstructure by sex, race, and APOE-¢4 carrier status.

RESULTS: Sex differences in FArwcor in association and projection tracts, racial differences in FAswcorr
in projection tracts, and APOE-¢4 differences in FW limbic and occipital transcallosal tracts were most
pronounced.

DISCUSSION: There are prominent differences in white matter microstructure by sex, race, and APOE-
€4 carrier status. This work adds to our understanding of disparities in AD. Additional work to understand
the etiology of these differences is warranted.

Highlights

Sex, race, and APOE-¢4 carrier status relate to white matter microstructural integrity
Females generally have lower FArwcorr COMmpared to males

Non-Hispanic Black adults generally have lower FArwcor than non-Hispanic White adults
APOE-¢4 carriers tended to have higher FW than non-carriers

Research in Context

Systematic Review: The authors used PubMed and Google Scholar to review literature that used
conventional and free-water (FW)-corrected microstructural metrics to evaluate sex, race, and APOE-¢4
differences in white matter microstructure. While studies have previously explored differences by sex and
APOE-¢4 status, less is known about racial differences and no large-scale FW-corrected analysis has been
performed.

Interpretation: Sex and race were more associated with FArwceorr While APOE-¢4 status was associated
with FW metrics. Association, projection, limbic, and occipital transcallosal tracts showed the greatest
differences.

Future Direction: Future studies to determine the biological and social pathways that lead to sex, racial,
and APOE-¢4 differences are warranted.
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Background

Although Alzheimer’s disease (AD) is traditionally associated with grey matter pathology,
emerging data highlights distinct white matter abnormalities in AD, including axonal loss,*
demyelination,? and microglial activation,® that can occur up to 20 years prior to symptom onset.* In
familial AD, where amyloid and tau accumulate at a young age and there are few co-occurring
pathologies or vascular risk factors,® white matter microstructural damage precedes detectable changes in
both hippocampal volume and clinical symptoms.® This suggests that white matter damage in AD is not
solely due to microvascular disease, and at least in part relates to the underlying pathological mechanisms
driving the development of AD. Females, self-identified non-Hispanic Black adults, and Apolipoprotein E
(APOE)-¢4 carriers are at greater risk of clinical AD, but the pathways by which this occurs are still being
elucidated. Examining how white matter integrity differs in these populations is important for
understanding disparities in AD and developing targeted interventions.

Two-thirds of people living with AD are women.” There are striking sex differences in AD risk
factors, clinical presentation, and neuropathological burden, though the underlying reasons for these
differences are not well understood.® Several studies,®*! but not all,*2"* have found that females have
worse white matter integrity than males. However, many of these studies are limited by small sample
size,1>1* cross-sectional design,'*® and use of conventional diffusion magnetic resonance imaging
(dMRI),%* thus limiting our understanding of how the trajectory of white matter integrity in aging differs
by sex.

Racial categories are social constructs that serve as proxies for sociocultural forces, including
social, economic, and environmental factors, that ultimately affect cognition.® Non-Hispanic Black
Americans are twice as likely to have AD and related dementias compared to non-Hispanic White
Americans,” but are less likely to have amyloid pathology.®!” This suggests that non-amyloid pathways
impacted by social and cultural factors also contribute to cognitive impairment. Previous work shows that
white matter integrity is affected by social determinants of health such as socioeconomic status,'®*® and
that observed racial differences are driven by these factors.?’ However, there is limited work into which
tracts are preferentially vulnerable to degradation and whether sex and APOE-&4 carrier status
differentially affect white matter integrity in Black and White adults.

APOE-¢4 is the strongest genetic risk factor for late-onset AD.? The association between APOE-
&4 and AD risk is stronger in females and non-Hispanic White adults compared to males? and non-
Hispanic Black adults.?® APOE has an important role in cholesterol transport and lipid metabolism and
may play a role in myelin maintenance,?* but the effect of APOE-g4 on white matter integrity is not well-

established.?5:2
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To date, most studies of white matter microstructural integrity use conventional dAMRI metrics.
Conventional dMRI is derived from a single tensor model and is confounded by partial volume effects,
such that each voxel contains both tissue and fluid compartments. Free-water (FW) elimination is an
advanced post-processing technique that allows for the separation of fluid (FW) and tissue (FW-
corrected) components, correcting for partial volume,?” to give a FW-corrected fractional anisotropy
(FArwcorr) Metric. Importantly, FW metrics are considered more sensitive to abnormal brain aging.28-%
While previous studies have found loss of white matter integrity in limbic, association, and transcallosal
(TC) tracts®2%31% gssociated with cognitive impairment and AD, there has yet to be a large-scale
analysis leveraging FW measures to understand how sex, race, and APOE-¢4 carrier status are associated
with longitudinal white matter integrity.

The goal of this study is to provide the most comprehensive picture to date of the effects of sex,
race, and APOE-&4 carrier status on white matter integrity over the course of aging and AD using nine
well-characterized cohorts of older adults. In 4,702 participants, leveraging 9,671 harmonized
longitudinal imaging sessions, we hypothesized that females, non-Hispanic Black, and APOE-g4 carrying
participants would have worse white matter integrity, and that these differences would be pronounced in
limbic, association, and transcallosal tracts.
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Methods
Participants

The present study used data from participants in the Alzheimer’s Disease Neuroimaging Initiative
(ADNI), the Baltimore Longitudinal Study of Aging (BLSA), the Biomarkers of Cognitive Decline
Among Normal Individuals Study (BIOCARD), the National Alzheimer’s Coordinating Center (NACC)
data set, the Religious Orders Study/Rush Memory and Aging Project/Minority Aging Research Study
(ROS/MAP/MARYS), Vanderbilt Memory and Aging Project (VMAP), and the Wisconsin Registry of
Alzheimer’s Prevention (WRAP) cohorts.

ADNI (www.adni.loni.usc.edu), begun in 2003, was designed to assess brain structure and
function using serial MRI, other biological markers, and clinical and neuropsychological assessments.*
Three ADNI phases (ADNI-GO, ADNI 2, and ADNI 3) were included in the present study. The BLSA
was designed to assess physical and cognitive measures in a community-dwelling cohort.®” Behavioral
assessments began in 1994 and included dementia-free participants aged 55-85. From 2006 to 2018,
BLSA MRI data was collected on a 1.5T scanner and, beginning in 2009, MRIs were performed with a
single 3T MRI scanner. Data from the BLSA cohort are available upon request by a proposal submission
through the BLSA website (www.blsa.nih.gov). BIOCARD, begun in 1995, includes participants who
were middle age and cognitively intact at baseline. The study stopped in 2005 and was reestablished in
2009 with annual assessments.*® NACC maintains a database of participant information collected from
past and present National Institute on Aging-funded Alzheimer’s Disease Research Centers.*®
ROS/MAP/MARS are longitudinal, epidemiologic clinical-pathologic cohort studies that were designed
to characterize common chronic conditions of aging and the neuropathological basis of cognitive
impairment. The Religious Orders Study (ROS) was started in 1994 and enrolled older Catholic priests,
nuns, and brothers from states across the United States.*® The Rush Memory and Aging Project (MAP)
started in 1997 and enrolled older men and women in the Chicagoland area.*> The Minority Aging
Research Study (MARS) was started in 2004 and enrolled older adults who self-identify as Black in the
Chicagoland area.*! Notably, the three cohorts are managed by a single team with a large common core of
data at the item level with imaging managed through a single pipeline allowing efficient merging of
data.*> VMAP began in 2012 with the goal of understanding the relationship between vascular and brain
health.** WRAP, begun in 2001, is a study of midlife adults enriched with persons with a parental history
of AD.* For each cohort, demographic and clinical covariates were required for inclusion, including age,
sex, educational attainment, race/ethnicity, APOE haplotype status (¢2, €3, €4), and cognitive diagnosis
(cognitively unimpaired, mild cognitive impairment, AD). Each cohort had its own inclusion/exclusion
criteria. Participants were included in this study if they had dMRI data, demographic and clinical data,

were 50+ years old, identified as non-Hispanic White or Black, and passed neuroimaging quality control
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procedures. Across all cohorts, written informed consent was provided by participants, and research was
conducted in accordance with approved Institutional Review Board (IRB) protocols. Secondary analysis
of these data was approved by the Vanderbilt University IRB. Table 1 provides an overview of the
ADNI, BLSA, BIOCARD, NACC, ROS/MAP/MARS, VMAP and WRAP sample sizes, demographic
information, and health characteristics.
Diffusion MRI Acquisition and Preprocessing

All longitudinal dMRI data were preprocessed using the PreQual automated pipeline for
denoising, slice-wise outlier imputation, data quality assurance, and to correct for motion, eddy current,
and susceptibility-induced distortions.*¢ Following PreQual preprocessing, the cleaned data was input
into DTIFIT. Simultaneously, the cleaned data was input into MATLAB code?’ to calculate free-water
(FW) and FW-corrected fractional anisotropy (FArwcorr). Following map generation, we created a
standard space representation by non-linearly registering (i.e., symmetric normalization and linear
interpolation)*’ the FAconv map to the FMRIB58_FA atlas. The resulting warp was applied to the FW
and FArwcor maps, which were used in all subsequent analyses. Imaging sessions of individuals with
consistently large age-regressed outliers (more than 5 standard deviations from the mean) in white matter
tract microstructural values were removed. All sample sizes reported in the manuscript have accounted
for excluded participants.
White Matter Tractography Templates

Consistent with prior work,485! we used freely accessible tractography templates

(https://github.com/\VUMC-VMAC/Tractography Templates) to assess the white matter microstructure in

our cohort (Figure 1). In total, we used 48 tract templates from seven different tract types, including
association, limbic, projection, motor transcallosal, occipital transcallosal, parietal transcallosal, and
prefrontal transcallosal areas.
Diffusion MRI Data Harmonization

A region-of-interest based approach was used to quantify mean FW and FArwcorr microstructural
metrics across all tractography templates for each participant, resulting in a total of 96 unique values for
each imaging session. These values were harmonized using the Longitudinal ComBat technique in R,
controlling for all site x scanner x protocol combinations.>? A conservative harmonization approach
was used to control for between-cohort effects, including mean-centered age, mean-centered age squared,
sex, and diagnosis at baseline. We also included interactions of mean-centered age and converter status
(i.e., cognitively unimpaired, cognitively impaired at some point) and mean-centered age squared and
converter status. The harmonized values were then mean centered and used in all subsequent statistical
analyses.

Statistical Analyses
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All statistical analyses were performed in R (version 4.1.0), and age was mean-centered prior to
analysis. Covariates included age at baseline in addition to sex, race/ethnicity, and APOE-¢4 carrier
status. Linear mixed-effects regression models were used to determine if sex, APOE-¢4 carrier status, Or
race were associated with FW and FArwc.r IMRI metrics over time. We controlled for the random aging
effects for each participant (i.e., ~1+age|participant). Models were repeated with sex x APOE-g4, sex x
race, race x APOE-g4, and sex x race X APOE-g4 interaction terms. Significance was set a priori as

0=0.05 and corrected for multiple comparisons using the false discovery rate method.
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Results

Demographic Differences

Females were more likely to be cognitively unimpaired at study entry (p=2.36x10%) and less
likely to develop cognitive impairment over time (p=1.94x10*°) compared to males. Non-Hispanic Black
participants were more likely to be cognitively unimpaired at study entry (p=5.18x107%) and longitudinally
(p=5.03x10%) compared to non-Hispanic White participants. APOE-¢4 carriers were more likely to be
cognitively impaired at study entry (p=9.19x10-) and more likely to develop cognitive impairment over
time (p=7.31x10%?) compared to non-carriers. See Supplemental Table 1 for differences across cohorts.
Sex Associations with Longitudinal FAgwcorr and FW

As illustrated in Figure 2A, females had lower FArwcor OVer time relative to males across all 33
of the white matter tracts that showed a significant sex difference. Table 2 summarizes the top five
associations for sex, emphasizing the prominence of projection white matter tracts. Notably, the strongest
association was observed in the ventral premotor projection tract, as depicted in the spaghetti plot within
Figure 2A (p=3.87x10®%). Figure 2B illustrates the main effects of sex on FW, highlighting significant
associations across many limbic, parietal TC, and occipital TC white matter tracts. In all 32 white matter
tracts that showed a difference in FW by sex, females had a smaller increase in FW longitudinally relative
to males. The strongest association was observed in the fornix, as depicted in Figure 2B (p=3.18x10%).
Statistics for all models can be found in Supplemental Table 2.
Race Associations with Longitudinal FArwcrrand FW

Of the 32 tracts that were significantly different, non-Hispanic White adults had higher FArwcorr
over time relative to non-Hispanic Black adults in all tracts except the fornix and inferior frontal-occipital
fasciculus, as depicted in Figure 2A. The strongest association was observed in the superior longitudinal
fasciculus-temporoparietal (SLF-TP) association tract, as depicted in the spaghetti plot within Figure 2A
(p=1.22x10¥").Table 2 highlights other strong associations, particularly within projection fibers. Figure
2B shows the main effects of race on FW. Of the 19 tracts that showed differences in FW by race, non-
Hispanic White adults had lower FW values longitudinally relative to non-Hispanic Black adults in all
tracts except the fornix. As seen in the spaghetti plot within Figure 2B, the strongest association was
observed in the fornix (p=3.90x10*2) with higher fornix FW over time in non-Hispanic White adults
relative to non-Hispanic Black adults. Statistics for all models can be found in Supplemental Table 3.
APOE-g4 Associations with Longitudinal FArwcorr and FW

Figure 2A illustrates that the effects of APOE-£4 on FArwcor Were primarily limited to select
limbic and motor TC fibers. Eight tracts showed differences by APOE-¢&4 status, with APOE-g4 carriers
having higher FArwcorr lOngitudinally in all tracts except the inferior frontal gyrus pars opercularis

prefrontal transcallosal tract. The strongest association was observed in the SLF-TP association tract, as
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depicted in the spaghetti plot within Figure 2A (p=4.82x10%). FW was greater over time in APOE-¢4
carriers in all tracts examined except the primary somatosensory cortex (Figure 2B) As shown in Table
2, the strongest associations were observed for FW in limbic and occipital TC fibers. Statistics for all
models can be found in Supplemental Table 4.
Sex, Race, and APOE-&4 Interactions with Longitudinal FArwcorr and FW

As summarized in Table 3, there were no statistically significant sex x APOE-&4, race x APOE-
€4, or sex x race x APOE-¢4 interactions on FArwcorr OF FW when corrected for multiple comparisons.
Notably, race interacted with sex on FArwcor, primarily in projection fibers, though the strongest
interaction was observed in the SLF-TP (p=3.12x10*). Statistics for all models can be found in

Supplemental Tables 5-8.


https://doi.org/10.1101/2024.06.10.598357
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.06.10.598357; this version posted June 12, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Sex, race, and APOE on white matter | 12

Discussion

This study leveraged nine well-defined cohorts of older adults to characterize the effects of sex,
race, and APOE-¢4 carrier status on the white matter integrity of 48 tracts longitudinally using FW and
FArweor metrics. We found that sex and race were most strongly associated with change in FArwcor,
whereby females and non-Hispanic Black adults had greater microstructural damage over time than males
and non-Hispanic white adults. Sex differences were greatest in association and projection tracts, while
race was associated primarily with projection tracts. APOE-g4 status was strongly associated with FW in
limbic and occipital TC tracts such that APOE-¢4 carriers had greater extracellular water than non-carriers
over time. APOE-¢4 status did not modify the relationships between sex or race on FW or FArwcorr, but
race did modify the association between sex and FArwcor in SOme projection fibers. This work adds to the
field by exploring differences in white matter by sex, race, and APOE-g4 carrier status on a larger scale
than previously done.

In the present study we found that females had greater microstructural tissue damage than males
longitudinally, and that these differences were most pronounced in association and projection tracts. This
work advances the field by showing clear sex differences in white matter integrity. Projection tracts
connect the cortex to subcortical structures and help integrate sensory, motor, and cognitive functions.
Our findings support previous cross-sectional work that found that females had lower FA values in
sensory and motor projections'® and a greater decline in FA over time compared to males.*! Previous
work has consistently found that association tracts are affected in the aging process*®? and these tracts
show a greater decline in FA and FArwcorr in individuals with cognitive impairment relative to cognitively
unimpaired adults.?®>® While some studies have shown that projection fibers are also associated with
abnormal cognitive aging, these associations are less robust.'284° Given that females are
disproportionately affected by AD, the observed sex differences in FArwcor in our study suggest that white
matter integrity may contribute to this disparity. However, we also found that in tracts with sex
differences in FW, females tended to have lower values than males longitudinally. Although FW has been
proposed to have many possible neurobiological correlates, including atrophy, edema, and
neuroinflammation, the etiology of extracellular water is not agreed upon.>* We found that females in this
study were less likely to be cognitively impaired at baseline and longitudinally than males, which could
explain why they had lower FW values than males. Future studies to determine whether observed changes
in FW are compensatory and beneficial are necessary.

We showed that longitudinally non-Hispanic White adults tended to have higher FArwcor than
non-Hispanic Black adults. These differences were most pronounced in the SLF, some transcallosal
tracks, and projection tracts. Small cross-sectional studies of Black women®>*¢ have shown that racial

discrimination is associated with worse white matter integrity in the corpus callosum, cingulum, and SLF,
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tracts known to be affected in AD. Studies comparing racial and ethnic groups have suggested that other
social factors, including socioeconomic status® and acculturation, also affect white matter integrity. We
believe the observed racial differences in this study relate to sociocultural factors as opposed to biological
differences between racial groups. Additional work to explore possible mediators of the relationship
between social determinants of health and white matter integrity, such as vascular risk factors, are
warranted. We found fewer differences in FW. While some studies suggest that associations with FA are
driven by FW,** we found independent effects, suggesting FW and FW-corrected measures provide
complementary information about biological processes related to white matter integrity. In tracts that did
have differences in FW, non-Hispanic White adults tended to have lower FW than non-Hispanic Black
adults. If differences in microstructure were due to AD pathology alone, we might expect non-Hispanic
Black adults in this study to have better microstructure as they were less likely to be cognitively impaired
at baseline and longitudinally compared to non-Hispanic White adults. That we did not further suggests
that there are other factors, including social factors, that affect white matter integrity. Interestingly, in the
fornix FW was elevated and FArwcorr Was lower in non-Hispanic White participants relative to non-
Hispanic Black participants. Because the fornix is adjacent to the ventricles, it is particularly prone to
partial volume effects,?”>® and additional studies assessing drivers of microstructure of the fornix are
warranted. Race modified the association between sex and FArweor, primarily in projection tracts. One
possible explanation is that due to intersectionality (e.g., intersecting identities), non-Hispanic Black
women may experience discrimination on the basis of both race and gender,® driving increased white
matter deterioration, though further work to understand this effect modification is necessary.

APOE-¢4 carrier status was associated with elevated FW, primarily in limbic and occipital
transcallosal tracts. There were fewer differences in FArwcorr. Despite the role of APOE in lipid
homeostasis, studies do not consistently find an association between APOE-¢4 and worse white matter
integrity.%-% In previous work, we have shown that the FW measure, particularly in limbic tracts, is
sensitive to abnormal aging.?34° This study extends this work by showing that APOE-&4 carriers, who are
known to be at greater risk for AD, show these same changes in the FW metric in limbic tracts. This
suggests that processes that increase interstitial spaces, such as atrophy, inflammation, or edema, are
present to a greater extent in APOE-¢g4 carriers in tracts known to be affected in AD. Given that neither
sex nor race moderated the association between APOE-¢4 and FW, observed differences in APOE-¢4 and
AD risk by sex and race may not be driven by the same pathological processes that drives FW changes.

This study has several strengths. It used a large harmonized multi-site diffusion MRI cohort,
looking at 48 tractography templates that included association, limbic, projection, and transcallosal tracts,
allowing us to explore sex, racial, and APOE-¢4 carrier differences in white matter integrity. Additionally,

we were able to account for partial volume effects by using FW and FW-corrected diffusion metrics. This
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study also had limitations. While non-Hispanic Black participants were included, they were primarily
drawn from two cohorts and were less likely to be cognitively impaired at baseline and longitudinally
than non-Hispanic White participants, which is the opposite of what epidemiological studies show.
Differences in cohort demographics may contribute to observed differences in white matter integrity and
could temper the conclusions that can be drawn. Additionally, although this study found notable
differences in white matter integrity, we are not able to determine the biological and social pathways that
lead to these differences.

In this study we demonstrate marked differences longitudinally in white matter integrity by sex,
race and APOE-&4 carrier status on a larger scale than previously done. Females, non-Hispanic Black
adults, and APOE-¢4 carriers had measures suggestive of worse white matter integrity compared to males,
non-Hispanic White adults, and APOE-¢4 non-carriers. The markers of white matter integrity and the
tracts affected were not uniform, suggesting there may be different etiologies for the observed differences.
Future studies that incorporate larger samples sizes of diverse participants, additional biomarkers, and
information about social determinants of health are needed to clarify the reasons for the observed

differences.
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Figures and Tables

Table 1. Demographic and health characteristics by cohort

Cohort
Measure ADNI BLSA BIOCARD NACC ROS/MAP/MARS VMAP WRAP
Cohort Characteristics
Total number of participants 956 728 168 964 1,117 514 294
Total number of sessions 2,109 1,870 364 1,211 2,486 1,201 430
Average number of visits 2.21(1.48) 2.70 (1.90) 2.17 (0.96) 1.26 (0.87) 2.23(1.40) 2.34 (1.36) 1.48 (0.71)
Longitudinal follow-up (years) 2.66 (1.94) 3.97 (2.17) 2.84 (1.09) 1.60 (0.87) 4.31(2.52) 2.99 (1.40) 3.46 (1.76)
Demographic Characteristics
Age at baseline 73.49 (7.77) 71.15(10.23)  71.73(7.44)  71.82(10.41) 79.55 (7.27) 70.05 (8.85) 61.92 (6.22)
Sex (% female) 50.63 54.53 62.50 58.92 77.26 49.61 65.99
Education 16.28 (2.53) 16.94 (2.38)  17.38(2.25) 15.32 (3.11) 15.88 (3.22) 16.06 (2.48) 16.67 (2.83)
Race (%non-Hispanic White) 88.28 72.80 98.81 85.58 76.28 88.33 98.64
APOE-¢4 41.29 28.36 32.73 44 .52 24.85 36.24 34.90
APOE-€2 9.76 17.51 13.33 14.38 15.64 15.25 13.73
o Sgg:g'\‘/’:;ﬁ:f;;;f:j)e"“e 48.33 98.76 79.76 61.83 80.75 75.10 98.64
Longitudinal cognitive status
(% with any cognitively impaired 55.02 6.18 24.40 39.21 28.29 30.54 1.36
status longitudinally)

Note: Values denoted as mean (standard deviation) or frequency. Abbreviations: ADNI, Alzheimer’s Disease Neuroimaging Initiative; BLSA, Baltimore Longitudinal
Study of Aging; BIOCARD, Biomarkers of Cognitive Decline Among Normal Individuals; NACC, National Alzheimer’s Coordinating Center; ROS, Religious Orders
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Study; MAP, Rush Memory and Aging Project; MARS, Minority Aging Research Study; VMAP, Vanderbilt Memory & Aging Project; WRAP, Wisconsin Registry for
Alzheimer’s Prevention; APOE-¢e4, apolipoprotein €4; APOE-¢2, apolipoprotein €2.
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Figure 1. Forty-eight white matter tractography templates were used in the present study, and can be
grouped into transcallosal (A), association (B), projection (C), and limbic tracts (D).
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Figure 2. The main effects of sex, race, and APOE-¢4 on change in white matter microstructure. Linear
mixed effects regression was conducted to determine the association of sex, race, and APOE-&4 positivity
on change in FArwcor (A) and change in FW (B). For both measures, heatmaps are grouped by tract-type
and illustrate the test statistic (i.e., z-value) for each independent regression analysis. The top race, sex,
and APOE-&4 associations for both measures are illustrated with spaghetti plots.
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Table 2. Top Sex, Race, and APOE-g4 Main Effects on Longitudinal White Matter Microstructure

Tract Tract Type Outcome B (SE) z-value p-value
Main Effects of Sex
PMv Projection Projection FArweorr -9.82x10-3(5.08x10) -19.31 3.87x1081
S1 Projection Projection FArweorr -9.13x10-3(6.86x10) -13.31 9.46x10-%
SMA Projection Projection FArweorr -7.36x10-3(5.60x104) -13.15 5.75x10-%8
M1 Projection Projection FArweorr -7.69x10-3(6.04x10) -12.72 1.01x10-%
PMd Projection Projection FARweorr -6.90x10-3(5.43x104) -12.71 1.01x10%
Main Effects of Race
SLF-TP Association FAFweorr 6.59x103(7.29x104) 9.04 1.22x10-"7
preSMA Projection Projection FARweorr 6.80x10-3(7.56x104) 8.99 1.22x10"7
PMv Projection Projection FArweorr 5.93x10-3(6.95x10) 8.53 4.72x10-16
SMA Projection Projection FARweorr 6.44x103(7.67x104) 8.39 1.17x101%
S“prama$’é”a' OYUS  parietal T FAewer 6.70x10° (8.63x10+) 776 1.64x1073
Main Effects of APOE-g4
ILF Limbic FW 6.70x103(9.99x104) 6.71 1.03x10¢
Cingulum Limbic FW 5.36x103(8.01x104) 6.70 1.03x10¢
Inferior Temporal Gyrus Limbic FW 5.58x10-3(9.34x104) 5.97 7.47x108
Fornix Limbic FW 6.99x103(1.22x10%) 5.73 2.36x107
Superior Occipita Occipital TC Fw 6.32x10°(1.13x109) 561  3.99x107
Gyrus TC

Abbreviations: FW, free-water; FArweor, FW-corrected fractional anisotropy; ILF, inferior longitudinal fasciculus; PMd,
dorsal premotor; PMv, ventral premotor; SLF-TP, superior longitudinal fasciculus-temporoparietal; SMA,
supplementary motor area; TC, transcallosal. Listed p-values are corrected for multiple comparisons using the FDR
approach.
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Table 3. Top Sex, Race, and APOE-g4 Interactions on Longitudinal White Matter Microstructure

Tract Tract Type Outcome B (SE) z-value p-value

Sex x Race x APOE-g4 Interactions

preSMA TC Motor TC FW -5.87x10-3(2.28x10%) -2.58 0.2662
Olfactory Cortex TC Prefrontal TC FArwcorr 4.63x10-%(1.81x10-3) 2.56 0.2662
Caudate to Superior Projection  FAmeor  3.03x10%(1.19x10%) 255 0266

Frontal
Gyrus Rectus TC Prefrontal TC FArwcorr 4.41x10-(1.92x10-3) 2.30 0.2662
Caudate to Mid. Frontal Projection FArwcorr 2.62x10-3 (1.14x107) 2.29 0.2662
Sex x Race Interactions

SLF-TP Association FAFweorr -7.45x103(1.60x10-%) -4.65 3.12x10
preSMA Projection Projection FArweorr -7.30x10-3(1.66x109) -4.40 5.13x104
M1 Projection Projection FArweorr -7.52x10-3(1.82x1079) -4.14 1.11x103
Corticostriatal Projection FArweor -8.09x10-3(2.01x109) -4.02 1.38x10°°
S1TC Motor TC FARweorr -8.81x103(2.31x10%) -3.81 2.66x1073

Sex x APOE-¢4 Interactions

Superior Occipital TC Occipital TC FW -7.53x103(2.27x109) -3.31 0.0532
Cuneus TC Occipital TC FW -7.21x103(2.21x10-) -3.26 0.0532
Middle Occipital TC Occipital TC FW -7.68x103(2.45x10%) -3.13 0.0552
Caudate to Superior Projecion ~ FAemr  3.16x109(1.10x109) 288 0078
Frontal
Calcarine Sulcus TC Occipital TC FW -6.50x10-3(2.26x10-) -2.88 0.0782
Race x APOE-¢4 Interactions
Superior Occipital TC Occipital TC FW 6.53x10-3(3.06x10-) 213 0.764a
Fornix Limbic FW 6.79x10-3(3.29x10%) 2.07 0.7642
Calcarine Sulcus Occipital TC FW 6.10x103(3.04x10%) 2.01 0.7642
Inferior Occipital TC Occipital TC FW 5.86x10-3(2.94x103) 1.99 0.7642
Cingulum Limbic FW 4.14x10%(2.17x103) 1.90 0.764

Abbreviations: FW, free-water; FArwcor, FW-corrected fractional anisotropy; ILF, inferior longitudinal fasciculus; M1,
primary motor cortex; S1, somatosensory cortex; SLF-TP, superior longitudinal fasciculus-temporoparietal; preSMA,
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pre-supplementary motor area; TC, transcallosal. Listed p-values are corrected for multiple comparisons using the
FDR approach. @Uncorrected p-value<0.05.
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