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White matter hyperintensities (WMHs) are prevalent in older age and are associated with cognitive 
decline. The location and extent of WMHs likely influences the relationship with behavior. Identifying 
which tracts are more likely impacted by WMHs might enable better understanding of which behaviors 
are affected. Therefore, this study aimed to i) identify which white matter tracts are most affected by 
WMHs, and ii) identify tracts where the presence of WMHs is associated with poorer cognitive scores. 
Participants (N = 212, 20–80 years) completed the Montreal Cognitive Assessment (MoCA). WMHs were 
manually delineated on FLAIR scans. In DSIStudio, we used the Human Connectome Project 1065FIB 
template to track how many fibers of each white matter tract intersected each participant’s WMH 
map. Values obtained represent disconnection associated with WMHs. These scores were correlated 
with age, MoCA total and memory index scores. There was significantly more disconnection with older 
age in the right arcuate fasciculus, extreme capsule, frontal aslant tract, bilateral inferior, middle and 
superior longitudinal fasciculi, and the corpus callosum. Disconnection associated with WMHs in the 
right superior longitudinal fasciculus was significantly associated with a lower MoCA scores. Finally, 
disconnection in the right extreme capsule, middle and superior longitudinal fascicli, and bilateral 
frontal aslant tracts were significantly associated with lower MoCA memory index scores. This study 
highlights the prevalence of WMHs across the lifespan and demonstrates a clear relationship between 
tract-specific WMHs and cognition. Age-related white-matter degeneration was pronounced in many 
association fibers, particularly in the right hemisphere. These data suggest age related disruption of 
specific white matter tracts represents a clear and present risk factor for global cognition and memory 
as we age.
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Many structural brain changes occur across the lifespan, one of which is the subtle, progressive accrual of 
white matter hyperintensities (WMHs), a neuroimaging marker of small vessel disease1,2. The presence of 
WMHs is often associated with chronic, insufficient cerebrovascular supply and has previously been linked 
to cardiovascular risk factors such as hypertension, diabetes, and high body mass index (BMI) scores3. The 
presence of WMHs is common in individuals older than 45 years2, and WMHs are seen in more than 90% of 
individuals by the age of 654. Recent research also indicates that WMHs can present much earlier than previously 
expected, with frequent occurrence in younger individuals5,6. There is a large body of research suggesting that 
the presence of WMHs is associated with behavioral changes6–13, though the exact nature of this relationship is 
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not entirely clear. For example, several prior studies discuss the presence of WMHs affecting executive functions 
and memory14–16 whilst others have found a more global impact on cognition9.

There is little research into the impact of WMHs on global cognition and memory in younger individuals; 
however, there is a growing consensus that WMHs are associated with age-related cognitive decline and mild 
cognitive impairment in older age8,17,18. Silbert and colleagues recently reported increased WMH burden in 
individuals in the early, pre-symptomatic stages of mild cognitive impairment (MCI)19. Similarly, Tosto and 
colleagues found evidence that increased WMH severity is associated with a more rapid decline in cognitive 
abilities in those experiencing mild cognitive impairment 20. Finally, there is data supporting the idea that severe 
WMH burden in mild cognitive impairment may play a role in the conversion from mild cognitive impairment 
to dementia11,21–26, and that increased WMHs are common in individuals diagnosed with Alzheimer’s 
disease27. Together with hippocampal atrophy, increased WMH severity in Alzheimer’s disease is thought to be 
associated with increased cognitive impairment28, and accumulation of WMHs may predict Alzheimer’s disease 
development29. While prior research clearly establishes a relationship between WMH load and cognition, few 
studies have examined this effect in detail. One recent study by Yoshida and colleagues found differences between 
cognitively healthy adults, adults with mild cognitive impairment, and adults with Alzheimer’s Disease in both 
extent and spatial location of WMHs30, suggesting that spatial characteristics of WMH distribution carry clinical 
value. It is also possible that younger individuals with increased WMHs are more likely to develop cognitive 
impairment or dementia earlier in life, although this should be formally tested in future studies.

To understand the impact of WMHs across the lifespan, the extent and spatial location is likely important 
because the size and location will determine how much, and which white or gray matter is damaged. As long-
range white matter fiber bundles are important for coordinating behaviors, individuals with high WMH load, 
or those with WMHs directly impacting long fiber bundles may be more likely to have a cognitive impairment. 
Thus, identifying the common locations of WMHs may be crucial to understanding the relationship between 
WMHs and global cognition.

Therefore, the main aims of the current study are to (i) identify which white matter tracts are most affected 
by WMHs, and (ii) to see if there are specific white matter tracts where disconnection associated with WMHs 
is related to poorer global cognition and memory scores in a large cohort of healthy older adults. We chose the 
Montreal Cognitive Assessment (MoCA) as our primary measure of cognition as this test gives an overview 
of general cognition. We further focused on the MoCA memory index score as it is typically used to identify 
individuals who may have mild cognitive impairment31 or who might convert from mild cognitive impairment 
to Alzheimer’s disease.

Methods
Participants
Participants (N = 212) were part of the ABC@USC Repository32, an ongoing original cross-sectional cohort study 
at the University of South Carolina, see Table 1 for full participant demographics. ABC@USC has the following 
exclusion criteria: anyone who has previously experienced a stroke, a diagnosis of a neurodegenerative disease 
or dementia (including Alzheimer’s disease, Lewy body dementia, Parkinson’s disease, or other dementias), any 
acute or chronic conditions which would limit their ability to participate, any severe current illnesses (e.g., 
cancer), and psychiatric diagnosis (e.g., schizophrenia), or anyone with a BMI of > 42. All participants who 
had complete demographic and behavioral data and had completed an MRI scan were included in this study. 
University of South Carolina Institutional Review Board approval was obtained, followed by written informed 
consent provided by all participants at the time of enrollment.

Demographic Variables (n = 212) Mean (SD)/Percentages

Test age 47.62 (18.40), range = 20–80

Education* median = 3, range = 2–5*

BMI 27.11 (5.81)

Sex (males, females, intersex) 23.11%, 75.94%, 0.01%

Diabetes (no diabetes, diabetes) 89.62%, 10.38%

History of depression (no depression, depression) 77.83%, 22.17%

Hypertension (no hypertension, hypertension) 76.89%, 23.11%

Race

• Asian 0.02%

• Black or African American 0.10%

• Native Hawaiian or Pacific Islander 0.00%

• White 87.73%

Table 1.  Demographic information for participants. *Note that Education is measured as a scale whereby 
0 = below 7th grade, 1 = 9th grade, 2 = 10th/11th grade, 3 = completed high school, 4 = completed at least one year of 
college or specialized training, 5 = completed college/university, 6 = completed graduate school.
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Behavioral testing
Researchers administering the cognitive battery had C-level qualifications and testing followed standardized 
procedures on either a laptop (MacBook Pro) or an iPad.

The primary cognitive measure to evaluate overall cognition was the Montreal Cognitive Assessment 
(MoCA)33, a cognitive screening assessment sensitive to mild cognitive impairment. Researchers completed 
training for administration and scoring of the MoCA. Domain scores are obtained for each of the following 
cognitive domains: attention and concentration, executive functions, memory, language, visuoconstructional 
skills, and orientation. Total MoCA scores were calculated from these domain scores using the guidelines provided 
by the National Alzheimer’s Coordinating Center Uniform Data Set instruction manual for neuropsychological 
testing battery34 and were adjusted for educational level of the participant. We chose to focus on MoCA total score 
as a test of general cognition, and the memory subscore as it has previously been used to identify individuals who 
have mild cognitive impairment or may convert from mild cognitive impairment to Alzheimer’s disease31. Other 
subscores were not investigated in this study but could be explored in future studies. It should be noted that the 
MoCA is a limited cognitive test and does not represent a gold standard test for cognitive health and diagnostic 
prediction, therefore the results should be interpreted with caution.

At the time of behavioral testing, self-reported health measures were also collected, including presence of 
diabetes and hypertension. Body mass index (BMI) was calculated using participants’ height and weight.

Neuroimaging acquisition and preprocessing
Participants underwent MRI scanning on a Siemens Trio 3 T scanner with a 20-channel head coil. T1-weighted 
images were used for brain age estimation and were acquired using the following parameters: T1-weighted 
imaging (MP-RAGE) sequence with 1  mm isotropic voxels, 256 × 256 matrix size, 9° flip angle, and 92-slice 
sequence with repetition time (TR) = 2250  ms, inversion time (TI) = 925  ms, and echo time (TE) = 4.11  ms. 
Fluid attenuated inversion recovery (FLAIR) scans were also acquired on the same scanner using the following 
parameters: TR = 5000 ms, TE = 387 ms, matrix = 256 × 256, FOV = 230 × 230 × 173 mm3, slice thickness = 1 mm, 
160 sagittal slices.

For each participant, WMHs were manually delineated on the native-space FLAIR image in accordance with 
the STRIVE protocol (Standards for Reporting Vascular Changes on Neuroimaging)35. WMH masks were drawn 
over the scan for each participant using MRIcroGL. To account for variability of interpretation, the same trained 
individual (author SW) delineated WMHs for each participant and was blinded to behavior and demographic 
information. WMH identification was supervised by a neurologist (author LB) to ensure accurate delineation.

After delineating WMH maps on each participants FLAIR image, we used SPM12’s unified segmentation-
normalization method36 to warp each participants’ native-space T1 scan to standard (MNI) space. The resulting 
spatial transform was applied to the native-space FLAIR scan as well as the hand-drawn WMH map. For each 
participant, WMH load was calculated as the volume in mm3 (the total number of voxels) corresponding to the 
WMH.

Statistical analysis with WMH load
To investigate the relationship between WMH burden and behavior, Kendall’s tau correlations were conducted 
between WMH load, MoCA total score, and MoCA memory index.

Tracking using WMH masks
In DSI Studio, we used the Human Connectome Project (HCP) 1065 FIB template in 1  mm resolution 
(HCP1065.1  mm.fib)37, which is a publicly available template downloaded from ​h​t​t​p​s​:​​/​/​b​r​a​i​​n​.​l​a​b​s​​o​l​v​e​r​​.​o​r​g​/​h​
c​p​_​t​e​m​p​l​a​t​e​.​h​t​m​l​​​​​​​3​7​​​. The template was derived from 1065 individuals from the Human Connectome Project, 
and diffusion tensors were fitted using the b = 1000 s/mm2 data after gradient non-linearities correction37. The 
tensors were transformed into MNI space using HCP participant-specific volumetric transformations37,38. See 
Appendix 1 for a full list of tracts available in this template.

To identify which white matter tracts were likely disrupted by WMHs in each participant, we used this template 
to track how many fibers of each white matter tract intersected each participant’s WMH map. Specifically, in DSI 
studio we load each of the participants’ WMH maps into the HCP template. Then, using the in-built fiber count 
by region analysis, we track all fibers going through the WMH maps. The output for this analysis is the number 
of streamlines for each white matter tract that passes through the WMH map for each individual.

For tracts that are subdivided in the template into anatomically distinct segments (e.g., the superior 
longitudinal fasciculus [SLF], thalamic radiation, cingulum), we summed the values of all segments within each 
hemisphere for ease of analysis and interpretation, although we categorised tracts by laterality (left and right 
hemisphere). However, it should be noted that the summed segments represent distinct anatomical pathways.

We focus our analysis on association fibers (arcuate fasciculus [AF], cingulum, extreme capsule, frontal 
aslant tract [FAT], inferior fronto-occipital fasciculus [IFOF], inferior longitudinal fasciculus [ILF], middle 
longitudinal fasciculus [MLF], SLF and uncinate fasciculus [UF]), the fornix (projection fiber) and the anterior 
commissure and corpus callosum (commissural fibers). Given that the same template was used for tracking for 
each participant’s WMH mask, we used the raw number of streamlines (rather than accounting for intracranial 
volume or factors such as the length of white matter tract).

Association with behavior
To explore the relationship with behavior, the number of streamlines in each tract that intersected each WMH 
mask was correlated (Kendall’s tau correlation) separately with MoCA total score and MoCA memory scores, 
see Fig. 1.
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Results
Participants had an average of 4.39 cm3 (SD = 4.66 cm)) of WMHs, see Fig. 2 for an overlay of WMHs. The 
average MoCA total score was 27.25/30 (SD = 2.47), participants had an average score of 13.26/15 (SD = 2.63) on 
the MoCA memory subtest.

There was a positive correlation between WMH load and age (r = 0.393, p < 0.001), and a negative correlation 
between WMH load and MoCA total score (r = -0.248, p = 0.001) and MoCA memory index (r = -0.230, 
p = 0.003), see Fig. 3.

Fig. 2.  Overlay of white matter hyperintensities across all participants. Red-yellow colors show where 
participants had white matter hyperintensities, where brighter colors indicate more participants. The color bar 
at the top provides a scale of how many participants have overlapping white matter hyperintensities. Note that 
the background brain image is the MNI152 template from MRIcroGL.

 

Fig. 1.  Illustration of the methods.
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WMH analysis
When accounting for sex and education, disconnection associated with WMHs in 10 white matter tracts were 
significantly associated with increasing age, including right arcuate fasciculus (r = 0.265, p < 0.001), extreme 
capsule (r = 0.242, p < 0.001), frontal aslant tract (r = 0.279, p < 0.001), inferior longitudinal fasciculus (r = 0.288, 
p < 0.001), middle longitudinal fasciculus (r = 0.278, p < 0.001), and superior longitudinal fasciculus (r = 0.245, 
p < 0.001), left inferior longitudinal fasciculus (r = 0.219, p < 0.001), middle longitudinal fasciculus (r = 0.249, 
p < 0.001) and superior longitudinal fasciculus (r = 0.188, p < 0.001), and the corpus callosum (r = 0.178, p < 0.001), 
see Fig. 4 and Table 2. All analyses were corrected for multiple comparisons using Bonferroni correction. The 
adjusted significance level was p = 0.002 (0.05/24 = 0.002).

When accounting for age and sex, disconnection associated with WMHs in the right superior longitudinal 
fasciculus was significantly associated with worse MoCA total scores, (r = -0.182, p < 0.001), see Fig. 5. Several 
other tracts approached significance, including right extreme capsule (r = -0.159, p = 0.004), middle longitudinal 
fasciculus (r = -0.154, p = 0.005), and frontal aslant tract (r = -0.148, p = 0.007), as well as left frontal aslant tract 
(r = -0.146, p = 0.007). Note that the MoCA is a limited cognitive test rather than a gold standard test for cognitive 
impairment, so results should be interpreted with caution and as preliminary findings.

When accounting for age and sex, disconnection associated with WMHs in six white matter tracts was 
significantly associated with worse scores on the MoCA memory index, including the right extreme capsule 

Figure 3..  Scatterplots to show the relationship between (A) age and white matter hyperintensity volume, (B) 
MoCA total score and white matter hyperintensity volume, and (C) MoCA memory index and white matter 
hyperintensity volume.
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(r = -0.169, p = 0.002), frontal aslant tract (r = -0.248, p < 0.001), middle longitudinal fasciculus (r = -0.189, 
p < 0.001), and superior longitudinal fasciculus (r = -0.223, p < 0.001), left frontal aslant tract (r = -0.192, 
p < 0.001), and superior longitudinal fasciculus (r = -0.193, p < 0.001), see Fig. 6 and Table 2. Disconnection in 
several tracts also approached significance including right inferior longitudinal fasciculus (r = -0.149, p = 0.006) 
and left middle longitudinal fasciculus (r = -0.156, p = 0.004). All analysis was corrected for multiple comparisons 
using Bonferroni correction (0.05/24 = 0.002).

Discussion
In this study, we examined which white matter tracts were most susceptible to age-related degeneration, and 
whether there was a relationship between these disruptions and cognitive performance. We identified several 
specific white matter tracts that were commonly affected by increased WMHs in older age, including many 
association fibers. Specifically, lower MoCA scores were associated with WMHs in the right superior longitudinal 
fasciculus, while WMHs in several association fibers were associated with lower scores on the MoCA memory 
index.

In line with previous literature, we confirmed high prevalence of WMHs in middle and older age39, and a 
positive association between WMH load and age9,11. Notably, we found that WMHs in the right hemisphere 
disrupted more white matter tracts than those in the left hemisphere, corroborating previous literature that has 
shown that individuals with mild cognitive impairment were more likely to have WMHs in the right ILF and IFOF 
than controls40, and suggesting that WMHs in the right hemisphere is particularly associated with behavioral 
impairment. This asymmetry in WMHs found in the current study may suggest that the right hemisphere 
typically ages differently to the left. There has been some research suggesting hemispheric differences in aging, 
with the right hemisphere aging more rapidly than the left (Goldstein & Shelly, 1981). It has also been suggested 
that the right hemisphere plays an important role in cognitive reserve, with Robertson (2014) suggesting that 
the structural integrity of the right prefrontal lobe and right inferior parietal lobe may partially mediate the 
protective effects of cognitive reserve41. Our results demonstrate that the right hemisphere is more likely to be 
impacted by WMHs, but it is possible that those with spared right prefrontal and inferior parietal lobes may be 
less likely to have behavioral changes typically associated with an increased WMH load.

Figure 4..  Visualization of the white matter tracts where increased WMH load was associated with older 
age, including the corpus callosum (purple), right arcuate fasciculus (pink), right extreme capsule (red), right 
frontal aslant tract (green), inferior longitudinal fasciculi (blue), middle longitudinal fasciculi (yellow) and 
superior longitudinal fasciculi (orange). Figures were generated by authors using DSIstudio (version Chen Nov 
20 2023) using the Human Connectome Project 1065 template in 1 mm resolution (HCP1065.1 mm.fib)37, 
which is a publicly available template downloaded from https://brai​n.labsolver.​org/hcp_temp​late.html​37.
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Another striking finding of the current study was the disparity in WMH severity found in participants of 
similar ages (Fig. 3A). In the top right corner of the graph, there are participants who have particularly high 
WMH load, suggesting that some individuals may be particularly poor agers. Future studies could investigate if 
there are vascular risk factors, demographic factors, or genetic factors that influence this disparity in WMH load. 
It is also possible in these individuals that age-related small vessel diseases such as arteriolosclerosis and cerebral 
amyloid angiopathy contribute to WMH burden in these individuals, and this could be investigated further.

Many of the tracts most affected by WMHs in older age were long-range association tracts including the arcuate 
fasciculus, extreme capsule, frontal aslant tract, inferior fronto-occipital fasciculus, middle longitudinal fasciculi, 

Figure 5..  Visualization of the white matter tract where increased WMH load was associated with worse 
MoCA memory index scores, the superior longitudinal fasciculus (orange). Figures were generated by authors 
using DSIstudio (version Chen Nov 20 2023) using the Human Connectome Project 1065 template in 1 mm 
resolution (HCP1065.1 mm.fib)37, which is a publicly available template downloaded from ​h​t​t​p​s​:​​/​/​b​r​a​i​​n​.​l​a​b​s​​o​l​v​
e​r​​.​o​r​g​/​h​c​p​_​t​e​m​p​l​a​t​e​.​h​t​m​l​​​​​​​3​7​​​.​​​​

 

Age

White Matter Tract Hemisphere Correlation p—value

Arcuate Fasciculus Right 0.265  < 0.001

Corpus Callosum 0.178  < 0.001

Extreme Capsule Right 0.242  < 0.001

Frontal Aslant Tract Right 0.279  < 0.001

ILF Left 0.219  < 0.001

ILF Right 0.288  < 0.001

MLF Left 0.249  < 0.001

MLF Right 0.278  < 0.001

SLF Left 0.188  < 0.001

SLF Right 0.245  < 0.001

MoCA Total Score

SLF Right -0.182  < 0.001

Extreme Capsule Right -0.148 0.007 (approaching significance)

Middle Longitudinal Fasciculus Right -0.154 0.005 (approaching significance)

Frontal Aslant Tract Right -0.148 0.007 (approaching significance)

Frontal Aslant Tract Left -0.146 0.007 (approaching significance)

MoCA Memory Index

Extreme Capsule Right -0.169 0.002

Frontal Aslant Tract Right -0.248  < 0.001

Frontal Aslant Tract Left -0.192  < 0.001

MLF Right -0.189  < 0.001

SLF Right -0.223  < 0.001

SLF Left -0.193  < 0.001

ILF Right -0.149 0.006 (approaching significance)

ILF Left -0.156 0.004 (approaching significance)

Table 2.  Summary of the Kendall’s tau correlational analysis. ILF = inferior longitudinal fasciculus; 
MLF = middle longitudinal fasciculus, SLF = superior longitudinal fasciculus. See Appendix 2 for the average 
number of streamlines of each tract that went through the WMH map. Bonferroni FDR adjusted significance 
p = 0.002 (0.05/24 = 0.002)
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and superior longitudinal fasciculus, which connect cortical areas within the same hemisphere. These tracts are 
typically thought to be critical for cognitive processes such as executive function, language, and memory42–45. 
Therefore, degradation of these tracts, potentially due to the presence of WMHs, may contribute to some of the 
age-related cognitive declines common in behaviors such as executive function and memory46–48. Although no 
participants in the current study had a diagnosis of dementia, many had WMHs in tracts that have previously 
been highlighted in Alzheimer’s or other related dementia research. For example, changes in the corpus callosum 
such as increased atrophy and increased WMH burden have been identified in the early stages of Alzheimer’s 
disease49. Therefore, it is possible that this corpus callosum degradation is associated with cognitive decline50 
and may be a potential biomarker for cognitive deficits preceding development of Alzheimer’s disease50,51, even 
in younger adults. Indeed, Jokinen and colleagues found that, in stroke, corpus callosum atrophy is associated 
with cognitive decline independently of age, education, and stroke-related factors52. Similarly, Qui et al. suggest 
that WMH burden in the corpus callosum may contribute to cognitive deficits in subcortical ischemic vascular 
disease53, and Chua and others used diffusion tensor imaging to highlight abnormalities in the corpus callosum, 
which are more common in older age51.

The main white matter tract where disconnection associated with WMHs was related to poorer cognitive 
scores was the superior longitudinal fasciculus. A previous study showed that higher WMH burden was related 
to worse diffusion in the superior longitudinal fasciculus (along with the forceps major, forceps minor, anterior 
thalamic radiation, cingulum, cortical spinal tract, inferior longitudinal fasciculus, and the uncinate fasciculus)54, 
highlighting how the presence of WMHs may disrupt connectivity in these long-range tracts. The superior 
longitudinal fasciculus is typically associated with language functions and connects posterior language areas 
to precentral gyrus and Broca’s area55. As some of the domains on the MoCA require language comprehension 
or production skills, it is possible that the association we found between MoCA scores, and the superior 
longitudinal fasciculus are related to these language components. Similarly, the disconnection associated with 
WMHs in the frontal aslant tract approached a significant relationship with MoCA total score. The frontal aslant 

Figure 6..  Visualization of the white matter tracts where increased WMH load was associated with worse 
MoCA memory index scores, including the right extreme capsule (red), frontal aslant tracts (green), right 
middle longitudinal fasciculus (yellow) and superior longitudinal fasciculi (orange). Figures were generated by 
authors using DSIstudio (version Chen Nov 20 2023) using the Human Connectome Project 1065 template in 
1 mm resolution (HCP1065.1 mm.fib)37, which is a publicly available template downloaded from ​h​t​t​​​​p​s​​:​/​/​b​r​​a​​i​n​​.​l​
a​b​​s​o​l​v​​e​r​.​o​r​g​/​h​c​p​_​t​e​m​p​l​a​t​e​.​h​t​m​l​​​​​​​3​7​​​.​​​​
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tract is thought to connect Broca’s area to the supplementary motor area in both hemispheres and has been 
associated with speech functions56, in particular motor speech57. Bilateral damage to the frontal aslant tract has 
been found in individuals with Alzheimer’s disease, suggesting that the integrity of this tract may be important in 
cognitive decline, a finding which is substantiated by our results. It has also been reported that both the superior 
longitudinal fasciculus and frontal aslant tract are associated with poorer memory performance58, which may 
also explain the results of the current study.

In another study of individuals with Alzheimer’s disease, the largest volume of WMHs across the brain were 
found in the IFOF59. Our results corroborate this finding, as we found increasing disconnection associated with 
WMHs in the IFOF with older age. Although we did not find that disconnection in the IFOF was associated 
with cognitive impairment based on the MoCA total score, we did find that it negatively correlated with reduced 
scores on the MoCA memory index. Although not a comprehensive cognitive assessment, MoCA memory 
index scores are typically thought to be lower in individuals who convert from mild cognitive impairment to 
Alzheimer’s disease31, therefore, our results suggest that there is increased disconnection in the IFOF prior to a 
diagnosis of Alzheimer’s disease. This is supported by previous work, with some studies highlighting that white 
matter changes in the right inferior fronto-occipital fasciculus were a good predictor of conversion from mild 
cognitive impairment to Alzheimer’s disease60.

Additionally, we found increased disconnection associated with WMHs in other association fibers correlated 
with lower MoCA memory index scores, including the FAT, MLF, and SLF. This finding is in line with research 
highlighting the involvement of association fibers in the progression of Alzheimer’s disease. However, our results 
indicate that the integrity of association fibers may be affected before a diagnosis of mild cognitive impairment 
or Alzheimer’s disease. Our results also align with previous studies such work by Balado and colleagues (2022)61. 
Although they focus more on brain regions rather than specifically white matter tracts, one of their main findings 
was that temporal and juxtacortical WMHs were associated with episodic memory deficits. Similarly, we found 
that disconnection associated with white matter hyperintensities in juxtacortical white matter tracts such as the 
superior longitudinal fasciculus, along with other tracts that extend into the temporal lobe such as the extreme 
capsule and middle longitudinal fasciculus are also associated with lower MoCA memory index scores.

It is important to note that participant specific DTI data was not used throughout, and instead the same 
template (Human Connectome Project 1065 FIB template) was used to track how many streamlines of each 
fiber tract intersected each individual’s WMH maps. This method means that the costly and time-consuming 
collection of diffusion data is not required from each participant, and if results can be obtained from scans 
which are more routinely collected, it might be more clinically relevant and easier to replicate more widely. 
However, it is likely that there are interindividual differences in the exact structure, size, and location of each 
individual’s white matter tracts, which are not captured by using this method, and future research may be needed 
to capture these individual differences and to ascertain if there is upregulation or compensation as a response to 
disconnection in tracts.

Limitations
One of the limitations with the current study is that the MoCA was developed as a brief test for cognitive 
impairment and does not provide an extensive evaluation of cognitive function, therefore, we cannot form firm 
conclusions about the role of WMH load on structural connectivity in mild cognitive impairment or Alzheimer’s 
disease.

Another limitation is that our sample is mainly comprised of white participants, making the results less 
generalizable to other races. Furthermore, there are more females than males. These numbers reflect ease of 
recruitment of some races and/or genders.

In addition, there are other factors that may have influenced the results which could be investigated in 
future studies, for example the influence of anxious or depressive symptoms. Similarly, we did not adjust our 
correlational analyses for BMI which has previously been associated with WMH severity3.

Finally, we did not investigate factors such as the number of times a WMH overlapped with a particular tract, 
or whether a single or multiple WMHs overlapped with a tract. This means we cannot make any conclusions 
about how a tract is disrupted or if there is a difference between disruption associated with one large WMH at a 
single point in the tract compared to multiple smaller WMHs along the length of the tract. Future research could 
incorporate measures such as number of WMHs along a tract to further investigate this.

Conclusions
This study provides novel evidence for which white matter tracts are most affected by WMHs in older age and 
identifies specific brain regions (i.e., white matter tracts) in which WMH presence is associated with poorer 
cognitive abilities in a population of older adults who self-identified as healthy. Our findings have implications 
for the role of disconnection associated with WMHs in long-range association fibers across the brain with older 
age, as well as the relationship with cognitive decline, suggesting that WMHs in these tracts may impact behavior 
before a diagnosis of mild cognitive impairment or Alzheimer’s disease.

Data Availability
The data that support the findings of this study are available from the corresponding author upon reasonable 
request. All ABC data is available upon request at https://abc.sc.edu/abc-repository-data-requests/.
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