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Abstract

Introduction: Plasma glial fibrillary acidic protein (GFAP) may be associated with
amyloid burden, neurodegeneration, and stroke but its specificity for Alzheimer’s
disease (AD) in the general population is unclear. We examined associations of
plasma GFAP with amyloid and tau positron emission tomography (PET), cortical
thickness, white matter hyperintensities (WMH), and cerebral microbleeds (CMBs).
Methods: The study included 200 individuals from the Mayo Clinic Study of Aging
who underwent amyloid and tau PET and magnetic resonance imaging and had plasma
GFAP concurrently assayed; multiple linear regression and hurdle model analyses were
used to investigate associations controlling for age and sex. Results: GFAP was asso-
ciated with amyloid and tau PET in multivariable models. After adjusting for amyloid,
the association with tau PET was no longer significant. GFAP was associated with cor-
tical thickness, WMH, and lobar CMBs only among those who were amyloid-positive.
Discussion: This cross-sectional analysis demonstrates the utility of GFAP as a plasma

biomarker for AD-related pathologies.
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have shown that reactive astrocytes penetrate and surround amyloid

plaques, possibly contributing to the amyloid-pathological process.?3

Glial fibrillary acidic protein (GFAP) is an astrocytic cytoskeletal pro-
tein. Elevated plasma GFAP levels may be a consequence of abnor-
mal astrocytic functional remodeling due to neuronal damage, also

referred to as “reactive astrogliosis.”! Several animal and cell studies

Recent studies have shown that plasma GFAP may be associated
with amyloid burden and cognitive impairment.*~¢ Elevated plasma
and serum levels of GFAP are found in normal older adults at risk

of Alzheimer’s disease (AD) dementia, as estimated by brain amyloid
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load,” 10 and correlate with worse cognitive function in AD dementia.’
One study also reported an association between plasma GFAP and
tau positron emission tomography (PET); however, the relationship
was attenuated and no longer significant after adjustment for amyloid
PET’

In addition to the association between GFAP and amyloid PET, GFAP
has been associated with cerebrovascular disease. For example, stud-
ies have reported that plasma GFAP levels distinguished intracerebral
hemorrhage from ischemic stroke,! and correlated with white matter
hyperintensities (WMH) burden.® Fewer studies have examined asso-
ciations between GFAP and other imaging markers of neurodegener-
ation such as cortical thickness. One study reported an association
between increased plasma GFAP levels and lower parietal and tempo-
ral cortical thickness.'2

The first objective of our study was to comprehensively examine
the associations between plasma GFAP and neuroimaging measures
of AD (amyloid and tau PET), neurodegeneration (cortical thickness),
cerebrovascular pathology (white matter hyperintensities [WMH] and
cerebral microbleeds [CMBs]), and global cognition. Second, we strati-
fied by amyloid PET status to determine whether any associations were

specific to those with elevated brain amyloid.

2 | METHODS

2.1 | Study participants
The study included 200 individuals enrolled in the Mayo Clinic Study of
Aging (MCSA), a population-based study examining the epidemiology
of cognitive decline and risk of mild cognitive impairment (MCI) among
residents living in Olmsted County, Minnesota.’® In 2004, the Olmsted
County population was enumerated using the Rochester Epidemiology
Project medical records-linkage system.* A detailed description of the
MCSA study has been described previously.!3

Participants underwent detailed clinical visits including neuropsy-
chological testing, a physician examination, and blood draws every 15
months and a subset participated in neuroimaging. The current anal-
yses included 200 participants without dementia who had concurrent
measures of amyloid PET, tau PET, magnetic resonance imaging (MRI;
for cortical thickness, WMH, and CMB) and plasma GFAP levels.

The study was approved by Mayo Clinic and Olmsted Medical
Center institutional review boards. Written informed consent was

obtained from all participants.

2.2 | Cognition function assessments and clinical
diagnosis institution

The neuropsychological testing was administered by a trained psy-
chometrist and included nine tests across four domains: memory, lan-
guage, executive function, and visuospatial skills. A global cognition
z-score was computed as previously described.!31> Based on means
(standard deviations [SDs]) from the MCSA 2004 enrollment cohort

that consisted of individuals without dementia (n = 1969), individual

HIGHLIGHTS

* Plasma glial fibrillary acidic protein (GFAP) is an astroglio-
sis biomarker.

* Imaging measures and plasma GFAP levels were evaluated
in a population-based study.

* GFAP levels in persons without dementia are associated
with amyloid burden.

* In amyloid-positive individuals GFAP associated with neu-
roimaging biomarkers.

* GFAP is a biomarker for Alzheimer’s disease-related

pathologies prior to dementia.

RESEARCH IN CONTEXT

1. Systematic Review: The authors reviewed the litera-
ture using traditional (e.g.,, PubMed) sources, meeting
abstracts, and presentations. Several studies evaluated
the use of plasma glial fibrillary acidic protein (GFAP) lev-
els as a marker for cerebral amyloid burden and cognitive
impairment but have not comprehensively compared the
relationships of plasma GFAP to neuroimaging measures
of multiple pathologies (Alzheimer’s disease [AD], vascu-
lar, neurodegeneration).

2. Interpretation: Our findings show that GFAP levels in
persons without dementia are associated with amyloid
positron emission tomography burden. Further, plasma
GFAP was associated with decreased cortical thickness,
increased white matter hyperintensities, and cerebral
microbleeds among those who were amyloid positive,
indicating that this marker is specific for AD pathogene-
sis.

3. Future Directions: Future research is needed in an
autopsy-confirmed cohort to determine the pathological
correlates of GFAP. Longitudinal studies of serial GFAP
measures and neuroimaging are needed to understand
how GFAP changes in relation to the development and

progression of AD pathology.

test scores were converted to z-scores. To assess global cognition, a
summary score was estimated from the z-transform of the mean of the
four domain z-scores.

A clinical consensus committee assessed each study participant to
determine cognitive diagnoses blind to the diagnosis of the previous
study visit. Cognitive performance was compared to age-adjusted
scores using Mayo’s Older Americans Normative Studies.’® The
operational definition of MCl was based on clinical judgment including
a history from the patient and informant and cognitive performance.

Published criteria were used for the diagnosis of MCI: cognitive
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complaint, cognitive function not normal for age, essentially normal
functional activities, no dementia.l” A final diagnosis was made after
considering education, occupation, visual or hearing deficits, and
reviewing all other participant information. The diagnosis of dementia
was based on Diagnostic and Statistical Manual of Mental Disorders,
4th Edition criteria.!® Participants who performed in the normal
range and did not meet criteria for MCI or dementia were deemed
cognitively unimpaired (CU).

2.3 | Plasma GFAP measurements

Participants’ blood was collected in clinic after an overnight fast. The
blood was centrifuged, aliquoted, and kept at -80°C. GFAP was mea-
sured on the Quanterix Simoa HD-X Analyzer using the Simoa Neurol-
ogy 4-Plex E Advantage kit (N4PE, item #103670) per manufacturer’s
instructions (Quanterix). After thawing and mixing, plasma samples
were centrifuged 5 minutes x 10,000 g. Samples were diluted 1:4 using
the instrument’s onboard dilution protocol and run in duplicate from a
single well each on a 96-well plate. Eight-point calibration curves and
sample measurements were determined on Simoa HD-X Analyzer soft-
ware using a weighting factor 1/Y2 and a four-parameter logistic curve
fitting algorithm. The Simoa N4PE kit incorporates the Banyan GFAP
assay (Banyan Biomarkers, Inc.) and quantifies plasma GFAP using a
biotinylated anti-GFAP mouse monoclonal immunoglobulin (Ig)G anti-
body clone (capture antibody) and an anti-GFAP rabbit IgG polyclonal
antibody (detection antibody).1?2°0 The assay detects intact GFAP in
addition to GFAP breakdown products (50 to 38 kDa).2% Two levels
of quality control material were included, flanking the samples at the
front and end of each batch. Internal studies of inter-assay imprecision
at approximate concentrations of 235 and 5055 pg/mL were 7.2% and
8.3%, respectively.

2.4 | Imaging

2.4.1 | Structural MRI

Structural MRI was acquired using standardized magnetization
prepared-rapid gradient echo (MPRAGE) sequences on 3T GE scan-
ners (GE Medical Systems). FreeSurfer v 5.3 (version 5.3) was run on
the MPRAGE scans. A temporal meta region of interest (ROI) using a
cortical thickness composite of entorhinal, fusiform, inferior temporal,
and middle temporal ROIs was included as our neurodegeneration
marker because it has been widely shown to be impacted by aging and
AD.21.22

2.4.2 | White matter hyperintensities

A trained imaging analyst segmented and edited WMH on two-
dimensional fluid-attenuated inversion recovery (FLAIR) images by
using a semi-automated method, as explained previously.232* In short,
FLAIR images were used to identify possible WMH voxels using a clus-

tering method: a sphere is placed around each identified voxel to make
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it visible on 3D rendering and overlapping spheres can merge, form-
ing clusters. The FLAIR images were then aligned with the T1-weighted
image using SPM5 segmentations. Voxels associated with infarcts were
removed and not included in the WMH measurement. Areas suspected
as WMH masks were also removed if they occurred outside of white
matter area, if they consisted of a single isolated voxel, or if they
appeared without parallel abnormality seen on FLAIR. A normalization
and smoothing process was applied. WMH volume is presented as the
percentage of total intracranial volume (TIV).

2.4.3 | Cerebral microbleeds

CMBs were recognized and computed as previously described?*
in agreement to consensus criteria2® as homogeneous hypointense
lesions in the gray or white matter, which are distinct from vessel flow
voids on T2* gradient recalled echo (GRE) images. In addition to train-
ing image analysts for microbleed identification, a vascular neurologist
experienced with interpreting T2* GRE images was consulted for con-

firmation.

244 | PET imaging

PET imaging was acquired using previously described methods.2® Amy-
loid PET imaging was performed out with 11C-PiB (Pittsburgh com-
pound B); tau PET was performed with AV-1451, synthesized on site
with precursor supplied by Avid Radiopharmaceuticals. Late-uptake
amyloid PET images were obtained 40 to 60 minutes and tau PET
80 to 100 minutes after injection. Computed tomography was used
for attenuation correction. Amyloid PET and tau PET were analyzed
using our in-house fully automated image-processing pipeline, in which
image voxel values were extracted from automatically labeled regions
of interest propagated from the MCALT template.2¢ The standardized
uptake value ratio (SUVR) values of amyloid PET and tau PET were
determined by normalizing target regions of interest to the cerebellar
crus gray matter.2! A cut-off of more than 1.48 SUVR was used to cat-
egorize participants as amyloid positive (A+).2!

Based on a voxel number-weighted average of the median tau PET
uptake in previously published regions of interest, a tau PET meta-ROI
was formed 2! and normalized to the cerebellar crus gray median. The
tau PET meta-ROI was composed of the entorhinal, amygdala, parahip-
pocampal, fusiform, inferior temporal, and middle temporal regions of
interest. This meta-ROI was chosen because it has previously been
used in CU individuals and increases with age as expected.?’” PET
images were quantified using MRI scans of the participants. PET data

were not corrected for partial volume.

2.5 | Covariates
Demographic information included self-reported age, sex, and years of
education. Apolipoprotein E (APOE) £4 genotyping was performed from

ablood sample drawn at clinic examination.
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TABLE 1 Participant demographics
Overall Amyloid - Amyloid +

Participants, n 200 99 101
Male, n (%) 101 (50%) 57 (58%) 44 (44%)
Age, years 78 (9) 75(9) 81(8)
Race

Asian 1(0.5%) 1(1%) 0(0%)

Black 1(0.5%) 1(1%) 0(0%)

White 198 (99%) 97 (98%) 101 (100%)
GFAP (pg/mL) 166 (81) 134 (65) 197 (83)
APOE €4 carriers, n (%) 60 (30%) 15 (15%) 45 (45%)
Education, years 14.36(2.65) 14.75 (2.65) 13.98(2.60)
MCI, n (%) 23(12%) 10 (10%) 13 (13%)
Global z-score 0.05(1.10) 0.34(0.94) —0.23(1.18)
Temporal meta ROI 2.80(0.18) 2.85(0.16) 2.75(0.18)
Amyloid PET SUVR 1.66(0.45) 1.36(0.07) 1.95(0.47)
Tau PET SUVR 1.22(0.11) 1.18(0.09) 1.25(0.12)
White matter hyperintensities 0.01(0.01) 0.01(0.01) 0.02(0.02)
Cerebral microbleeds, n (%) 50 (25%) 17 (17%) 33(33%)

Abbreviations: APOE, apolipoprotein E; GFAP, glial fibrillary acidic protein; MCI, mild cognitive impairment; PET, positron emission tomography; ROI, region

of interest; SD, standard deviation; SUVR, standardized uptake value ratio.

Notes: Mean (SD) listed for the continuous variables and count (%) for the categorical variables. Amyloid + includes abnormal amyloid PET (>1.48 SUVR).
White matter hyperintensities volume is expressed as a percentage of the total intercranial volume.

2.6 | Statistics

Spearman’s rho was used to examine the correlations between GFAP
and amyloid PET, tau PET, cortical thickness, WMH volume, and global
z-scores. Multivariable linear regression models were conducted to
estimate the relationship between GFAP and each continuous out-
come variable: temporal meta ROI, amyloid PET, tau PET, WMH, and
global z-score. GFAP was scaled by dividing by 100 in all models to
ease interpretation of the coefficients. Each model adjusted for age and
sex. Models examining cognition additionally adjusted for education
and number of prior neuropsychological testing exposures to account
for practice effects. Additional sensitivity analyses including APOE as a
covariate were conducted. Regression analysis examining the associa-
tion between plasma GFAP and tau PET was repeated after including
amyloid PET as a covariate. We also fit multivariable models stratified
by elevated brain amyloid (A+) for each outcome.

Because only 25% of the cohort had evident microbleeds, we chose
to fit hurdle models to ascertain the relationship between GFAP and
CMBs, using both the whole cohort and stratifying by amyloid status.
The hurdle models consisted of two components: (1) a logistic regres-
sion model for predicting no CMB versus having at least one CMB,
which constitutes the hurdle; and (2) a truncated negative binomial
model for predicting number of CMB among those with CMB. For all
logistic regression models, we computed odds ratios (ORs), and for the
negative binomial portion of the hurdle models we computed incidence

rate ratios (IRRs). The hurdle models adjusted for age and sex. In addi-
tional sensitivity analyses we included APOE as a covariate.

3 | RESULTS

3.1 | Patient characteristics

Demographics and clinical characteristics are summarized in Table 1. In
total 200 participants were included in the study, of which 177 were
CU and 23 were MCI. The mean age was 78 years, 50% were male, and
30% were APOE €4 carriers.

3.2 | Univariate associations among GFAP,
neuroimaging, and cognition

Plasma GFAP levels positively correlated with age (Spearman'’s
rho = 0.653, P < .001) but did not differ by sex. In a univariate anal-
ysis shown in Table 2, significant Spearman correlations were found
between higher GFAP levels and greater amyloid burden (rho = 0.438,
P <.001), lower cortical thickness (rho = -0.426, P = .001), greater tau
deposition (rho = 0.207, P =.003), greater WMH volume (rho = 0.493,
P < .001), and lower cognition global z-scores (rho = -0.195,
P=.009).
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TABLE 2 Spearman correlations among plasma GFAP,
neuroimaging, and global cognition

Measure Coefficientr Pvalue
Amyloid PET 0.438 <.001
Tau PET 0.207 .003
Temporal meta-ROI cortical thickness —-0.426 <.001
WMH volume 0.492 <.001
Global z-score -0.195 .009

Notes: Amyloid PET, Tau PET, and WMH scores are log-transformed. WMH
volume is expressed as a percentage of the total intercranial volume.
Abbreviations: GFAP, glial fibrillary acidic protein; PET, positron emission
tomography; ROI, region of interest; WMH, white matter hyperintensities.

3.3 | Association between plasma GFAP and
amyloid and tau PET, WMH, neurodegeneration, and
cognition

Higher plasma GFAP concentrations were associated with greater
amyloid PET (8 = 0.111, P < .001) and tau PET SUVR (8 = 0.027,
P = .008) after adjusting for age and sex (Table 3). After adding amy-
loid to the model and examining the association between plasma GFAP
and tau PET, the association was no longer significant (3 = 0.01,
P = .276). Higher plasma GFAP levels were associated with higher
WMH (8 = 0.223, P = .008), and an association approaching but not
reaching significance was observed with lower temporal meta ROI cor-
tical thickness (8 = -0.032, P = .054), after adjusting for age and sex.
There was no association between GFAP and global z-score in multi-
variable models (8 = -0.017, P = .877) and there were no associations
found between plasma GFAP and specific cognitive domains (mem-
ory, attention, language, or visuo-spatial scores) in additional analy-
ses. Other additional analyses with APOE added as a covariate did not

change any of the results.

3.4 | Association between GFAP and CMBs

The hurdle models revealed that increasing GFAP levels were associ-
ated with an increased risk of having at least one CMB (OR = 1.72,
P =.036) and an increased risk of having at least one lobar microbleed
(OR = 1.82, P =.028). Among those with a CMB, there was no associa-
tion between GFAP and the number of CMBs (IRR = 0.67, P =.32). The
number of deep CMBs was insufficient to model. Additionally, adjusting
for APOE did not change the results.

3.5 | Amyloid-stratified analysis

To determine whether the associations between GFAP and the imag-
ing biomarkers were driven by elevated brain amyloid, we repeated the
above analyses stratified by amyloid PET status (Table 4, Figure 1). The
amyloid-positive group contained 101 individuals (88 CU, 13 MClI), and
the amyloid-negative group contained 99 individuals (89 CU, 10 MClI).

Disease Monitoring

In the amyloid-positive group, GFAP was associated with higher amy-
loid (8 =0.094, P =.002) and tau PET (8 =0.032, P =.016), lower tem-
poral meta ROI (3 = -0.047, P = .049), and higher WMH (8 = 0.221,
P = .04). In contrast, there were no significant associations between
plasma GFAP and any of the outcomes in the amyloid-negative group.

There were 33 participants with a CMB among the amyloid-positive
group and 17 with a CMB among the amyloid-negative group. In the
amyloid-positive group higher GFAP levels were associated with hav-
ing at least one microbleed (OR = 2.05, P = .04) or a lobar microbleed
(OR=2.35,P=.02). Among those with a CMB, there was again no asso-
ciation between GFAP and the number of CMBs (IRR =0.80,P =.63).In
the amyloid-negative group, there were too few outcomes to conduct
the hurdle model.

Associations between plasma GFAP and global z-score did not reach

significance within either the amyloid-positive or negative groups.

4 | DISCUSSION

This study cross-sectionally examined whether GFAP was associated
with neuroimaging measures of AD pathology, cerebrovascular pathol-
ogy, neurodegeneration, and cognition. Higher plasma GFAP levels
were associated with elevated amyloid and tau PET, greater WMH, the
presence of CMB, and decreased cortical thickness. Notably, the asso-
ciation between plasma GFAP and these neuroimaging measures was
only found among those with elevated brain amyloid, suggesting the
specificity of GFAP to amyloid pathology in older adults.

GFAP plays an essential role in cellular processes in astrocytes,
including vesicle trafficking, neuron-astrocyte interactions, blood-
brain barrier integrity, and protection of neurons from injury.2® Ele-
vated GFAP is thought to represent abnormal reactive astrogliosis in
spatial association with amyloid plaques and neuronal damage?? and
may be viewed as an early sign of AD pathology.” Other biomark-
ers of reactive astrogliosis, such as 11C-deprenyl PET, which measures
astrocyte-located monoamine oxidase binding, show reactive astrocy-
tosis as an early AD phenomenon associated with cellular tissue loss
in parahippocampal regions.3%3! The strong association shown in our
study between plasma GFAP levels and amyloid burden as measured
by PET supports the link between the processes of reactive astroglio-
sis and amyloid deposition. Our results are consistent with previous
studies showing associations between plasma GFAP and brain amyloid
burden among persons with dementia,®32 MCI or subjective cognitive
complaints,*33 and among CU participants.”-? A recent meta-analysis
of the associations between AD and astrocyte biomarkers, including
blood GFAP, found that the association holds only when cohorts of
early-onset AD are excluded; however, all but one of the studies used
enzyme-linked immunosorbent assay detection methods instead of
single-molecule array.®* Research by Pereira et al.,’ which included
both CU and impaired participants, found that plasma GFAP levels
were lowest in cognitively impaired amyloid-negative patients, and
highest in those who were cognitively impaired and amyloid-positive,
further supporting the relationship between GFAP and brain amyloid.

In another study, plasma GFAP levels were higher in AD dementia
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TABLE 3 Associations among plasma GFAP, neuroimaging measures, and global cognition using multivariable regression models

Measure Coefficient Partial R? SE Pvalue
Amyloid PET SUVR 0.111 0.112 0.023 <.001
Tau PET SUVR 0.027 0.036 0.010 .008
Temporal meta ROI cortical thickness —-0.032 0.019 0.017 .054
WMH volume 0.223 0.036 0.082 .008
Global z-score -0.017 0.000 0.110 877

Notes: P values adjusted for age and sex. For Global z-score, P-value was additionally adjusted for education and number of prior neuropsychological test expo-
sures. Amyloid and tau PET scores are log-transformed. Coefficients are reflected for 100 pg/mL change in GFAP. WMH volume is expressed as a percentage
of the total intercranial volume.

Abbreviations: GFAP, glial fibrillary acidic protein; PET, positron emission tomography; ROI, region of interest; SUVR, standardized uptake value ratio; WMH,
white matter hyperintensities.

TABLE 4 Amyloid stratified regression for cortical thickness, amyloid, tau, neurodegeneration, temporal cortical thickness, white matter
hyperintensities, global cognition z-score

Amyloid + (n = 101) Amyloid - (n=99)
Measures Coefficient Pvalue Partial R? Coefficient Pvalue Partial R?
Tau PET 0.032 016 0.059 —-0.007 .68 0.002
Temporal meta-ROI —0.047 .049 0.039 0.008 756 0.001
cortical thickness
WMH volume 0.221 .04 0.043 0.049 731 0.001
Global Z-score 0.058 728 0.001 0.081 .625 0.003

Notes: Amyloid and tau PET scores are log-transformed. Coefficients are reflected for 100 pg/mL change in GFAP. Amyloid + includes abnormal amyloid PET
(>1.48 SUVR). WMH volume is expressed as a percentage of the total intercranial volume.

Abbreviations: GFAP, glial fibrillary acidic protein; PET, positron emission tomography; ROI, region of interest; SUVR, standardized uptake value ratio; WMH,
white matter hyperintensities.
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FIGURE 1 Associations between plasma glial fibrillary acidic protein (GFAP) levels and cognitive and neuroimaging outcomes. Relationships
between plasma GFAP levels and cognition and neuroimaging measures stratified by amyloid beta (Ab) status (elevated Ab PET, Ab[+];
non-elevated Ab PET, Ab[-]). Amyloid and tau PET scores are log-transformed. Coefficients are reflected for 100 pg/mL change in GFAP. WMH
volume is expressed as a percentage of the total intercranial volume. CI, confidence interval; PET, positron emission tomography; ROI, region of
interest; WMH, white matter hyperintensity
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patients compared to some neurodegenerative diseases (behavioral
variant frontotemporal dementia, Parkinson’s disease [PD]), but not
compared to Lewy body dementias (LBD; dementia with Lewy bodies
and PD dementia).?? The higher levels of plasma GFAP in LBD but not
PD has been attributed to increased co-existing AD pathology includ-
ing cerebral amyloid angiopathy observed in LBD but less commonly
PD.

Reactive astrogliosis precedes the clinical symptoms of AD and is
considered a part of the pathological cascade driving the degenera-
tive process. Although astrocytes respond to both neurofibrillary tan-
gles and plaques of AD,?8 the association between astrogliosis and
tau tangles has been less investigated. Similar to a previous study,’
we found an association between higher plasma GFAP and higher tau
PET SUVR but the association was attenuated and no longer significant
after adjustment for amyloid PET. These results further indicate that
GFAP is more closely linked to amyloid pathology than tau pathology.

Higher plasma GFAP levels have also been associated with lower
brain volume, specifically in parietal and temporal subregions.'2 Sim-
ilarly, we observed a trend between plasma GFAP and lower cortical
thickness in a temporal region. Again, after stratifying by amyloid PET
status, the association only remained among those with elevated amy-
loid PET, further suggesting specificity to amyloid pathology. It is gen-
erally accepted that elevated amyloid deposition and neurodegenera-
tion (quantified as cortical thinning) are associated, with amyloid beta
deposition acting as an accelerator of cortical thinning.3>3¢ Additional
analysis was conducted to investigate the association between plasma
GFAP levels and neurodegeneration using fluorodeoxyglucose (FDG)-
PET data, but only a subgroup of the participants (n = 131) had FDG
scans, and no association was found.

Given that plasma GFAP levels may distinguish intracerebral hem-
orrhage from ischemic stroke!! and correlate with WMH burden,’
we sought to further examine the relationship between plasma GFAP
and cerebrovascular pathology. Similar to the previous study, we found
associations between higher plasma GFAP and greater WMH volume
as well as the presence of CMBs. Again, after stratification by amyloid
status, these associations only remained among those with elevated
brain amyloid. It was previously shown that amyloid load on PET was
associated with WMH in a topographically specific manner.2® Because
this WMH pattern is associated with lobar microbleeds, the current
results may be due to the presence of cerebral amyloid angiopathy.
Another study showed that GFAP concentrations were associated with
increased WMH lesion burden in progranulin-associated frontotempo-
ral dementia.?” In comparison, in a study which focused on CADASIL
patients, a subgroup with vascular pathology rather than neurodegen-
eration and amyloid deposition, Chen et al.3® found no association
between GFAP levels and severity of WMH, but did demonstrate a cor-
relation with CMBs.

There were no differences in GFAP levels between CU and MCl and
there was no association found between GFAP levels and global cog-
nition after controlling for age and sex, an association that was previ-
ously shown in AD patients.” Given that our participants did not have
dementia, it is possible there was not enough of a range of cognitive

performance scores to observe an association at this early stage and

Disease Monitoring

a larger sample size may be necessary. In addition, this was a cross-
sectional study, so the association between GFAP and cognition may
be more discernible longitudinally.

This study offers several strengths, including well-compiled and
comprehensive information from the MCSA, which is a community-
based study. Limitations of the study include its cross-sectional study
design; longitudinal studies are needed to understand how plasma
GFAP levels change over time in relation to the development and pro-
gression of AD pathology, and to determine temporality and cut points.
Neuropathology studies will be necessary to determine the exact
pathological processes GFAP is associated with. Finally, the cohort has
predominantly European ancestry, so it is not known how broadly the

cohort can be generalized to other populations.
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