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NODDI-derived measures (in 
particular, NDI and ODI) within the 
temporal lobe cortical regions 
demonstrate significant negative 
associations with the plasma 
biomarker GFAP, which is a marker of 
astrocytic dysfunction that is  
elevated during cognitive decline. 
This association provides preliminary 
validation of the utility of NODDI in 
assessing cortical microstructural 
changes associated with cognitive 
decline.

Plasma glial fibrillary acidic protein 
(GFAP) is a blood-based biomarker of 
astrocytic activation that is elevated in 
those with Alzheimer’s disease (AD) 
and mild cognitive impairment (MCI) 
relative to cognitively unimpaired (CU) 
individuals. Neurite orientation 
dispersion and density imaging 
(NODDI) is a multishell diffusion MRI 
method capable of evaluating tissue 
microstructure at the axonal and 
dendritic level. We evaluated the 
associations between temporal cortex 
orientation dispersion index (ODI), 
neurite density index (NDI) and 
isotropic volume fraction (ISOVF) and 
plasma GFAP concentrations.

728 CU Mayo Clinic Study of Aging 
(MCSA) participants (ages 53-92 
years) with diffusion MRIwere 
included. 661 individuals were 
cognitively unimpaired (CU), while 67 
had mild cognitive impairment (MCI). 
NODDI imaging was obtained on a 
3T Siemens Prisma scanner with 2 
mm isotropicresolution. The 
MCALT_ADIR122 cortical atlas was 
used for ROI designation. Plasma 
testing was performedon the 
Fujirebio Lumipulse G1200 
automated immunoassay analyzer 
using the Lumipulse®
G GFAP Plasmakit. We fit separate 
linear regression models within each 
ROI with regional NODDI measures 
(neurite density index [NDI], 
orientation dispersion index [ODI], 
isotropic volume fraction [ISOVF]) as 
the primary predictor and log-
transformed plasma GFAP 
concentration as the outcome. 
Models were adjusted for age,sex, 
education, structural MRI resolution, 
cortical thickness (or hippocampal & 
amygdalar volume), total intracranial 
volume, body mass index and 
amyloid PET SUVR/centiloid.
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Table 1 displays demographic data. 
Figure 1 shows the relationship of 
NDI and ODI to plasma GFAP levels 
across participants in individual 
ROIs after adjusting for age, 
corticalthickness/volume and other 
confounds. Borderline or 
significant relationships between 
GFAP levels and NDI were 
observed in the hippocampus and 
amygdala, in addition to trend level 
effects involving the entorhinal 
cortex and the inferior temporal 
gyrus (at p<0.05 significance level), 
whereas for ODI, similar significant 
negative associations were noted 
in the hippocampus, 
parahippocampal gyrus, fusiform 
gyrus, inferior and middle 
temporal gyri. No significant effects 
were seen with ISOVF in any 
regions following similar 
adjustment for confounds except 
for the superior temporal pole 
region, as shown in the third 
column in the figure.
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Difference in mean GFAP (expressed as a percentage) for 10% lower NDI, 10% lower ODI, or 
doubling of ISOVF, holding age, sex, education, MRI resolution, total intracranial volume, sMRI, body 
mass index, and amyloid PET constant. Positive estimates indicate that lower NDI, lower ODI, or 
higher ISOVF values are associated with higher GFAP. P-values are based on Wald tests of no 
association.
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Fig. 1

Variable Total (n=728) CU (n=661) MCI (n=67) 
Sex       

  Female 369 (51%) 343 (52%) 26 (39%) 

  Male 359 (49%) 318 (48%) 41 (61%) 

Age at visit (y)       

  Median (Q1, Q3) 70 (65, 80) 69 (64, 78) 81 (77, 85) 

  Range 53–92 60–90 53–92 

Education (y)       

  12 or fewer 122 (17%) 99 (15%) 23 (34%) 

  13 to 15 202 (28%) 185 (28%) 17 (25%) 

  16 202 (28%) 193 (29%) 9 (13%) 

  More than 16 202 (28%) 184 (28%) 18 (27%) 

APOE ε4 carriership       

  No. missing 106 100 6 

  Non-carrier 450 (72%) 409 (73%) 41 (67%) 

  Carrier 172 (28%) 152 (27%) 20 (33%) 

Body mass index (kg/m2)       

  Median (Q1, Q3) 28 (25, 32) 28 (25, 32) 27 (24, 31) 

  Range 15–50 15–50 18–42 

Amyloid Centiloid       

  Median (Q1, Q3) 18 (12, 34) 18 (12, 31) 32 (14, 90) 

  Range −12–222 −12–187 −8–222 

Amyloid PET (suvr)       

  Median (Q1, Q3) 1.44 (1.37, 1.62) 1.44 (1.37, 1.58) 1.60 (1.39, 2.25) 

  Range 1.10–3.74 1.10–3.34 1.15–3.74 

GFAP (pg/mL)       

  Median (Q1, Q3) 48 (33, 69) 46 (32, 66) 68 (51, 94) 

  Range 12–490 12–258 17–490 
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