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ABST RACT Figure 1: Regional WM microstructural changes associated with cognitive changes RESU LT

BACKGROUND AND OBJECTIVE

White matter (WM) microstructural degradation occurs in both a. NDI|
normal aging and Alzheimer's disease (AD). However, closer

examination reveals distinct patterns: AD exhibits more temporally | | Cohen’s d
and spatially localized WM changes than normal aging, particularly Imax

* |In the Mayo dataset, 16 regional NDIs and 15 regional FWFs
met the monotonicity criteria, highlighting WM pathways
extending from the medial temporal lobe to the anterior frontal
lobe.

iIn tau-positive individuals. This Io_c_alization may refl_ect tau’s . 069 for ADNI3 NDI The qualifying FWF markers showed a broader and
dependence on neural connectivity for aggregation. We

* 1.28 for Mayo FWF . . . . . . . .
hypothesized that these pattern differences allow WM Hippo UNC Hippo _ widespread distribution, with prominent involvement of medial
microstructure, measured through multi-shell dMRI, to serve as a Mayo Dataset ADNI3 Dataset

and deep WM regions extending along anterior—posterior
. SR . pathways.
biomarker to distinguish AD-related pathology from normal aging.

b. FWF ADNI3 showed a similar regional NDI pattern but no FWF

METHODS regions that met the monotonicity criteria.

* WM microstructure was analyzed using SuStaln across three r
cohorts: the population-based Mayo Clinic Study of Aging I
(MCSA") and two AD-enriched cohorts (Mayo ADRC? and -

ADNI33).

min SuStaln identified two stable WM microstructural subtypes:

e . Normal-aging subtype and AD-Dominant subtype.

'W * * 0.36 for Mayo FWF

Normal-aging subtype was predominant in the aging cohort,

MCSA and Mayo ADRC were pombined as the training dataset Mayo Dataset ADNI3 Dataset comprising 76% of MCSA participants, and was characterized
(Mayo dataset; n = 1,640), while ADNI3 served as the external by early FWF abnormalities preceding NDI decline.

validation dataset (n = 323). Figure 1. Selected white-matter ROIs showing monotonic trends and statistical significance across three cognitive groups:
cognitively unimpaired (CU), mild cognitive impairment (MCI), and dementia. Based on the Mayo dataset, (a) neurite AD-Dominant subtype was enriched in AD cohorts Comprising

density index (NDI) had 16 regions and (b) free-water fraction (FWF) had 15 regions that met the selection criteria. The o o .
Participants were required to have available NODDI, tau PET, and NDI regions (a) exhibited a medial temporal—to—frontal pattern of group differences between CU and cognitively impaired 83% of Mayo ADRC and 84% of ADNI3 participants, and

amyloid PET imaging_ Individuals with non-AD neu rodege nerative individuals (MCI + dementia), with the largest effects observed in hippocampal WM, the uncinate fasciculus (UNC), and showed concurrent Worsening of NDI and FWF.
diseases were excluded the cingulum adjoining the hippocampus (CGH). This spatial pattern showed similar results in the ADNI3 cohort. In contrast,

FWF regions (b) showed a medial temporal-to—lateral pattern, predominantly involving the corpus callosum, including the AD-Dominant subtype was associated with greater AD-related
body, genu, and splenium (BCC, GCC, SCC). However, no regional FWF measures met the selection criteria in the ADNI3 pathology, i.e., amyloid positivity, tau positivity, white matter

NDI and FWF measures from 55 WM regions were screened for cohort.

, » hyperintensity positivity, and poorer cognitive performance.
monotonic trends across cognitive stages.

These differences stayed statistically significant even after

correcting for age.
Figure 2: Two spatiotemporal trajectories identified based on WM microstructural J J

Regional NDI and EWF measures mgeting the selection criteria changes | - |
were z-scored relative to the unimpaired group and entered the Saliency analysis indicated strong model reliance on free-

SuStaln model“. water measures: all 10 highest-ranked features were FWF
/Normal-Aging Subtype B Regional FWF reglons
B Regional NDI

\
Occlusion saliency analysis was subsequently performed to
evaluate the relative importance of individual WM features. ¥ & ‘ - DISCUSSION
3 s €+ (< y * This study demonstrated that WM microstructural integrity

follows distinct alteration patterns associated with normal
aging and AD.

Table 1: Characteristics of the Study Cohort

—— 5 '\‘ m * The Normal-aging subtype showed early free-water
’ S alterations, whereas the AD-Dominant subtype showed

Mayo Dataset ADNI3 o
MCSA,  Mayo ADRC, . 7 | AT concurrent NDI and FWF deterioration accompanied by

Characteristic 1 _ n=1548 n=86 Phase 5/ greater AD pathological burden and poorer cognition.
Demographics and cognition Phase 1 Final Phase |

Age, 70.3 (13.0 75.7 (6.0 72.8 (8.1 S : : : " T
Mi: o Sé_-mu,: 53;{}{}2 M_iﬂu,fz A The high diagnostic weighting of FWF features highlights

APOE e4, % 23.80% 65.10% 29.16% ; ADNI3 the potential importance of free-water measures for

Education, y 1>.3247)  160(@27)  162(2.59) Y characterizing heterogeneous AD progression trajectories.
MMSE 28.2(1.89)  21.0(5.36) 27.9 (2.93) s

Trail Making Test Part B, Seconds 86.2 (56.6) 194 (92.4) N/A : F U N D I N G
MCI, (n,%) 148 (9.56%) 6(6.98%) 117, (35.56%) ,

: 0 0 0 0 Training & Testing Validating only _ _ _
_ Dementia (n,%) 66 (4.26%) 34 (39.53%) 31, 042%) el ABHE AD Dariiinn This work was supported by the following funding sources: NIH U017
ging markers ' i
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E;L Tau SUVR 1'13 Eﬂ.lﬁg 1'55 Eﬂ.«??; ' {I:Jf; ¢ Whits matter hyper.intcnsity Positivity: 6% 479% Mayo Graduate School of Biomedical Sciences Doctoral Fellowship.

3 * Cognitive Impairment (MMSE < 27): 7% 29%
Tau Positvity” (n,%) 239 (15.44%) 73 (84.89%) 50 (15.20%) | RE F E RE N C E
o
WMH/TIV, "{"3 0.7(0.8) 1.32(1.13) 0.81(0.85) Figure 2. Two subtypes were identified (a), along with their subtype assignments across cohorts (b). Normal-Aging subtype
1vi o a oy . . . . . Py . . . . .. . .
WMH Postivity” (n,%) 243 (15.70%) 15 (17.44%) 62 (18.84%) exhibited an FWF-leading trajectory: the first three phases were characterized exclusively by FWF alterations, followed by 1. ?2231525?3:255 Cﬁgfapép;?st?;’_ ﬁeﬂ'ro?g d'\gfmglcfg?';g’gg%yoz’x‘ggfgé_des'gn and sampling, participation, baseline

': Amyloid positivity was defined as amyloid PET standardized uptake value ratio (SUVR) >1.52 or Centiloid >25. progressive NDI decline in Phases 4 and 5. Aging-dominant subtype was predominantly observed in the aging cohort (MCSA) and . Petersen RC, Roberts RO, Knopman DS, et al. Prevalence of mild cognitive impairment is higher in men. The Mayo

2. Tau positivity was defined as tau PET SUVR >1.29 was associated with a lower burden of AD-related pathology. In contrast, AD-Dominant Subtype showed more synchronized Clinic Study of Aging. Neurology. 2010;75(10):889-897.
' . . Weiner MW, Veitch DP, Aisen PS, et al. The Alzheimer's Disease Neuroimaging Initiative 3: Continued innovation for

* WMH positivity was defined as WMH volume normalized to total intracranial volume (WMH/TIV) =1.3%. changes in FWF and NDI. This subtype displayed relatively slower progression in early stages but markedly accelerated deterioration clinical trial improvement. Alzheimers Dement. 2017;13(5):561-571. doi:10.1016/j.jalz.2016.10.006.
Abbreviations: MMSE, Mini-Mental State Examination; MCI, mild cognitive impairment; WMH, white matter in later stages compared with Aging-Dominant Subtype. AD-Related Subtype predominated in the AD-enriched cohorts (Mayo . Young, Alexandra L., et al. "Uncovering the heterogeneity and temporal complexity of neurodegenerative diseases with

hyperintensities; TIV, total intracranial volume. ADRC and ADNI3) and was associated with higher AD pathological burden. Subtype and Stage Inference.” Nature communications 9.1 (2018): 4273.
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