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a b s t r a c t 

Background: Clinical trials have recently incorporated plasma glial fibrillary acidic protein (GFAP) as an ex- 

ploratory endpoint. To include plasma GFAP as a secondary endpoint, it is essential to characterize its longitudinal 

progression in target populations. 

Objective: To evaluate the potential use of plasma GFAP changes as a secondary endpoint in Alzheimer’s disease 

trials. 

Methods: We longitudinally evaluated plasma GFAP in individuals with amyloid-beta (A 𝛽)-PET scans at baseline 

in three well-characterized cohorts. Cox proportional hazards regression tested the association between changes 
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Cerebrospinal fluid (CSF) and positron emission tomography (PET)

echniques capable of measuring amyloid-beta (A 𝛽) and tau have been

sed as endpoints in numerous clinical trials in Alzheimer’s disease (AD)

 1 ]. Blood biomarkers offer an accessible and cost-effective alternative

o identify and monitor AD pathology, presenting clear logistical ad-

antages over the established biomarker modalities mentioned above in

etecting and monitoring AD pathology [ 2–4 ]. Their ease of measure-

ent allows for more frequent assessments compared to neuroimaging

r lumbar punctures, making them especially advantageous when con-

idering their incorporation in clinical trials [ 5–7 ]. Plasma A 𝛽42 and

 𝛽40 ratios and phosphorylated tau (p-tau) at epitopes 181, 217, and

31 (p-tau181, p-tau217, and p-tau231) have been used to identify AD

athological hallmarks and monitor disease modification [ 8–10 ]. Re-

ently, plasma glial fibrillary acidic protein (GFAP) has emerged as a

iomarker for astrocyte reactivity that seems to be associated with the

rogression of AD [ 11 , 12 ]. 

Increasing evidence suggests a significant association of cross-

ectional and longitudinal plasma GFAP measurement with A 𝛽, p-tau,

nd functional abnormalities [ 13–16 ]. Additionally, a recent study in-

estigating the longitudinal associations between plasma GFAP and AD

athology in individuals with Down syndrome revealed that plasma

FAP exhibited a higher diagnostic value in distinguishing symptomatic

rom asymptomatic groups compared to neurofilament light chain (NfL)

r p-tau181 and that longitudinal plasma GFAP is highly correlated with

ortical thinning and A 𝛽 pathology [ 17 ]. Thus, monitoring plasma GFAP

evels over time has the potential to provide insights into the underlying

athological processes associated with AD progression, which reinforces

he utility of plasma GFAP as a secondary endpoint in clinical trials. This

s particularly important to support the results of primary clinical end-

oints that can sometimes be challenging to interpret in relatively short

rial periods [ 18 , 19 ]. 

Previous studies have tested the performance of plasma p-tau and

fL as endpoints in clinical trials [ 8 , 20 , 21 ]. To our knowledge, no pre-

ious study has investigated the characteristics of plasma GFAP as a

econdary endpoint in clinical trials. Here, we tested the hypothesis that

lasma GFAP may support the outcome of AD clinical trials focusing on

ognitively unimpaired (CU) or cognitively impaired (CI) individuals. 

ethods 

articipants 

We analyzed data obtained from three cohorts which had two mea-

ures of plasma GFAP available: Translational Biomarkers in Aging

nd Dementia (TRIAD) [ 22 ], Alzheimer’s Disease Neuroimaging Ini-
2

ction. Analysis of the 95 % confidence interval of annualized change in plasma

ce for a significant longitudinal change. Effect size was calculated as the group

iation (SD). We estimated the sample size needed to test a 25% drug effect with

in GFAP. 

uals [176 cognitively unimpaired (CU; 29% A 𝛽 positive) and 311 cognitively

with some degree of cerebrovascular disease (Fazekas 1–3), over a mean (SD)

anges in plasma GFAP were significantly associated with worsening in Clinical

CDR-SB) score across the population ( p < 0.0001). In CU, only A 𝛽 positive

anges in GFAP ( p < 0.001). On the other hand, both CI A 𝛽 positive and negative

progression in GFAP levels ( p < 0.0001). The effect size of changes in plasma

ve (0.44), followed by CI A 𝛽 positive (0.42) and CI A 𝛽 negative (0.38). Clinical

would require 1320 individuals per study arm, while focusing on CI A 𝛽 positive

er study arm. 

sed in parallel with cognitive decline, making it a candidate for monitoring

ed at mitigating cognitive deterioration. Although A 𝛽 positivity significantly

e fact that GFAP was increased in CI A 𝛽 negative with cerebrovascular disease

ondary endpoint in this population as well. 

iative (ADNI) database ( http://adni.loni.usc.edu ; last accessed March

025), and Biobank Innovations for Chronic Cerebrovascular Disease

ith Alzheimer’s Disease Study (BICWALZS) [ 23 , 24 ]. 

The TRIAD cohort included 109 individuals (53 CU A 𝛽 negative, 18

U A 𝛽 positive, 13 CI A 𝛽 negative, 25 CI A 𝛽 positive) across the AD

ontinuum assessed in a research setting. The ADNI longitudinal cohort

ncluded 223 individuals (73 CU A 𝛽 negative, 32 CU A 𝛽 positive, 68

I A 𝛽 negative, 50 CI A 𝛽 positive) across the AD continuum, assessed

n a research setting. We selected individuals who had a follow-up du-

ation ≤ 2.5 years to match the TRIAD and BICWALZS cohorts. The

ICWALZS cohort included 155 participants of Eastern Asian ethnicity

73 CI A 𝛽 negative, 82 CI A 𝛽 positive). Participants were recruited vol-

ntarily from those who visited neurology or psychiatry memory out-

atient clinics. Individuals who had longitudinal measures of plasma

FAP with at least two time points in both cohorts were included. CU

ndividuals were defined as those with global Clinical Dementia Rating

CDR) score equal to 0, whereas CI individuals were defined as those

ith global CDR score greater than or equal to 0.5, including those with

ild Cognitive Impairment (MCI) and AD dementia with cerebrovascu-

ar disease 24–26 . All cohort studies were approved by their regional

thical committees – ADNI: the ADNI study was conducted according to

ood Clinical Practice guidelines, US 21 CFR Part 50 – Protection of Hu-

an Subjects, and Part 56 – Institutional Review Boards, and pursuant

o state and federal HIPAA regulations and was approved by the Institu-

ional Review Board of each participating site; TRIAD: reviewed by the

cGill University and Douglas Hospital Research Centre Institutional

eview Boards; BICWALZS: reviewed by the Institutional Review Board

f Ajou University Hospital. All participants provided written informed

onsent. 

lasma quantification 

Plasma samples from the TRIAD cohort were analyzed at the Clini-

al Neurochemistry Laboratory, University of Gothenburg, Gothenburg,

weden. In the BICWALZS cohort, plasma samples were analyzed at the

niversity of Pittsburgh, Pittsburgh, USA. In the ADNI cohort, plasma

FAP was measured by the FNIH Biomarker Consortium effort [ 27 ].

lasma GFAP levels were quantified using the Human Neurology 4-Plex

 assay (No. 103,670) on the Simoa HD-X platform by Quanterix. Plasma

FAP samples were measured in duplicate in the ADNI cohort [mean:

.9 % (SD = 0.04)] and in singlicate in the TRIAD and BICWALZS co-

orts. 

maging analysis 

In the ADNI cohort, A 𝛽-PET imaging was performed us-

ng [18 F]Florbetapir [ 28 , 29 ]. The BICWALZS cohort employed

http://adni.loni.usc.edu
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Table 1 

Participants’ demographics and key characteristics. 

CU A 𝛽-PET negative CU A 𝛽-PET positive CI A 𝛽-PET negative CI A 𝛽-PET positive 

No. 126 50 154 157 

Age at baseline, years (SD) 71.46 (6.07) 74.31 (5.57) 70.12 (7.34) 72.34 (7.76) 

Female, No. ( %) 71 (56.35%) 32 (64.00%) 88 (57.14%) 98 (62.42%) 

Education, years (SD) 16.16 (3.18) 15.31 (3.07)b 11.95 (5.69)a 11.81 (5.07)a 

CDR sum of boxes at baseline (SD) 0.07 (0.25) 0.18 (0.43) 1.12 (0.81)a 1.95 (1.42)a,b 

APOE 𝜺 4, No. ( %) 16 (30.18%) 4 (30.76%) 15 (17.44%) 31 (28.97) 

A 𝜷-PET, Centiloid at baseline 2.91 (9.04) 63.34 (20.94)a,b 4.98 (9.47) 69.50 (35.11)a,b 

Plasma GFAP at baseline 

(z score, SD) 

0.01 (0.94) 1.18 (1.62)a 0.23 (1.32) 2.42 (2.15)a,b 

Follow-up time, years (SD) 1.67 (0.49) 1.68(0.47)b 1.97 (0.37)a 1.93 (0.43)a 

Continuous variables are presented as mean (SD). APOE 𝜀 4 = Apolipoprotein E 𝜀 4; GFAP = glial fibrillary acidic protein, CU = 
cognitively unimpaired, CI = Cognitively impaired, A 𝛽= Amyloid beta, MCI = Mild cognitive impairment, AD = Alzheimer’s disease. 
a Different from CU A 𝛽 PET negative. b Different from CI A 𝛽 PET negative. 
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Table 2 

Longitudinal change in plasma GFAP is associated with an in- 

creased risk of worsening cognition over time. 

HR 95 % confidence 

interval 

P value 

Change in GFAP 1.15 1.06–1.23 < 0.0001∗ 

Age, years 1.05 0.91–1.21 0.502 

Sex 0.81 0.57–1.13 0.29 

Education, years 0.94 0.91–0.97 0.004∗ 

A 𝛽-PET status 1.55 1.14–2.10 0.003∗ 

Cox proportional hazards models demonstrate the effect of lon- 

gitudinal plasma GFAP in predicting risk for longitudinal cogni- 

tive change decline using CDR sum of boxes. Age, sex, education, 

and A 𝛽-PET burden were included as covariates in the model. Fe- 

males were used as the reference group for sex. Abbreviations: 

GFAP, glial fibrillary acidic protein; HR, hazard ratio; A 𝛽-PET, 

amyloid-beta positron emission tomography. Models were cor- 

rected by cohort. 
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18 F]Flutemetamol. TRIAD cohort A 𝛽-PET was quantified using
18 F]AZD4694. We applied a previously published method to convert

he A 𝛽-PET standardized uptake value ratio (SUVR) to the Centiloid

cale [ 30 ]. A 𝛽-PET positivity was defined as Centiloid value equal or

igher to 20, as previously described [ 31 ]. The severity of white matter

yperintensities (WMH) was visually graded on fluid-attenuated in-

ersion recovery (FLAIR) magnetic resonance imaging (MRI) sequence

sing the Fazekas scale as no (0), mild (1), moderate (2), and severe

3) cerebrovascular disease [ 32 ]. 

tatistical methods 

The statistical analyses were performed using R statistical software

ersion 4.0.5 ( http://www.r-project.org/ ) and GraphPad Prism version

.5.0 ( https://www.graphpad.com/ ). For all analyses, plasma GFAP val-

es were z-scored by centering on the mean of CU A 𝛽 negative partic-

pants within each cohort. Paired t -tests were performed to assess the

lasma GFAP differences between baseline and follow-up. The rate of

hange in biomarkers was calculated between follow-up and baseline as

ollows: ( Follow −up −Baseline Δtime ) . Cox proportional-hazards analysis was per-

ormed to assess whether changes in plasma GFAP levels were predictive

f increased odds for increasing CDR sum of boxes score over time. We

djusted the analysis for potential confounding variables (age, sex, and

ducation level, as well as baseline A 𝛽-PET status). For these analyses,

he result was dichotomized into participants who showed an increase

ersus those who showed a stable CDR sum of boxes score. The effect

ize was calculated as the mean of change in plasma GFAP in the group

ivided by the respective standard deviation [ 33 ]. We estimated the

ample size required for a clinical trial testing a hypothesized 25 % drug

ffect on longitudinal reduction in plasma GFAP with 80 % of power at

 5 % level using a well-validated formula [ 34 , 35 ]. 

esults 

We studied 487 individuals with longitudinal GFAP [mean

ge = 71.73 (6.92 SD) years; 289 (59.22%) were female, mean follow-

p period 1.84 (0.46 SD), range 0.8–3.75 years]. In the CU group, we

ad 126 A 𝛽-PET negative and 50 A 𝛽 PET positive individuals. The CI

roup had 154 A 𝛽-PET negative and 157 A 𝛽-PET positive. 

Fazekas ratings of 1–3 were present in 51% of CU A 𝛽 negative, 66%

f CU A 𝛽 positive, 95% of CI A 𝛽 negative, and 92% of CI A 𝛽 positive, re-

pectively. The demographics and key characteristics of the population

re summarized in Table 1 and Supplemental Tables 1, 2 and 3 . 

ongitudinal changes in plasma GFAP levels 

We observed a significant increase in plasma GFAP levels at follow-

p compared to baseline in all groups except CU A 𝛽 negative individu-

ls ( Fig. 1 ). In the CU group, the mean difference between baseline and
3

ollow-up in plasma GFAP was larger in A 𝛽 positive than in A 𝛽 nega-

ive individuals [CU A 𝛽 negative: 0.1 (0.63 SD), p = 0.09 and CU A 𝛽

ositive: 0.58 (1.03 SD), p < 0.001] ( Fig. 1 A and B). Similarly, in the

I group, the mean difference in plasma GFAP between baseline and

ollow-up was larger in A 𝛽 positive than A 𝛽 negative individuals [CI A 𝛽

egative: 0.26 (0.67 SD), p < 0.0001 and CI A 𝛽 positive: 0.44 (1.19 SD),

 < 0.0001] ( Fig. 1 C and D). The annual rate of change of plasma GFAP

as significantly different from zero in all groups except CU A 𝛽 nega-

ive individuals ( Fig. 2 ). CI A 𝛽 positive individuals showed the highest

nnualized rate of progression [0.33 (95% confidence interval, 0.16 to

.45)], followed by CU A 𝛽 positive [0.24 (95% confidence interval, 0.09

o 0.48)] and CI A 𝛽 negative [0.15 (95% confidence interval, 0.09 to

.26)] ( Fig. 2 A). 

We also performed all the above-mentioned analyses within each

ohort ( Supplemental Figs. 1–2) . 

We also evaluated longitudinal changes in plasma GFAP by vascular

athology burden among CI A 𝛽-negative individuals. The annual rate

f change was significantly different from zero in individuals with mild

ascular pathology [0.19 (95% confidence interval 0.03–0.36)] and for

hose with moderate to severe pathology [0.39 (95% confidence interval

.12–0.65)], Supplemental Fig. 3 . 

ssociation of change in plasma GFAP with worsening cognition 

Longitudinal changes in plasma GFAP were significantly associated

ith an increased risk of worsening cognition over time, using CDR

um of boxes as a proxy of global cognition, in the entire population

HR = 1.15, p < 0.0001, Table 2 ( Supplemental Table 4 ). The associ-

tion remained significant when the entire population was stratified in

U and CI groups [CU: HR = 1.77, p = < 0.001, CI: HR = 1.13, p < 0.001,

http://www.r-project.org/
https://www.graphpad.com/
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Fig. 1. Comparison of plasma GFAP levels between baseline and follow-up in individuals stratified by A 𝜷 status. Box and whisker plots show differences 

between baseline and follow-up visits. A . CU A 𝛽 negative: mean follow-up 1.67 years, SD = 0.49; B. CU A 𝛽 positive: mean follow-up 1.68 years, SD = 0.47; C. CI 

A 𝛽 negative: mean follow-up 1.97 years, SD = 0.37; D. CI A 𝛽 positive: mean follow-up 1.93 years, SD = 0.43. Higher values at follow-up indicate increased plasma 

GFAP levels compared to baseline. 
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able 3 ]. Similarly, within the ADNI, TRIAD and BICWALZS cohorts,

hanges in plasma GFAP were associated with an increased risk of wors-

ning cognition ( Supplemental Table 5 ). 

ffect size and sample size estimation for using plasma GFAP as a 
econdary trial endpoint 

In the CU group, the effect size was numerically higher in A 𝛽 posi-

ive (0.44) than in CU A 𝛽 negative individuals (0.16) ( Fig. 2 B). In the
4

I group, we observed a similar magnitude of effect size in A 𝛽 positive

0.42) and A 𝛽 negative individuals (0.38) ( Fig. 2 B). Next, we estimated

he sample size needed for clinical trials evaluating the effect of a hypo-

hetical drug intervention in reducing the progression of plasma GFAP.

lthough CU A 𝛽 negative individuals did not show a statistically sig-

ificant increase in GFAP levels, we could estimate that a trial in this

opulation would require 9320 individuals per study arm. The same

rial in CU A 𝛽 positive individuals would require 1320 per study arm,

hich represents a decrease of 85% in the sample size in comparison to
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Fig. 2. Plasma GFAP annual rate of change, effect size, and trial sample size estimates as a function of multiple estimated drug effects . A . The vertical bars 

show the mean rate of changes with their respective 95 % confidence intervals in cognitively unimpaired (CU) and cognitively impaired (CI) individuals stratified by 

A 𝛽 status. B . The horizontal bars represent the effect size in each group. C . The dots in the curves represent the sample size per study arm as a function of multiple 

hypothesized drug effects (x-axis), for a clinical trial targeting a reduction in change in plasma biomarkers with 80 % power and 0.05 alpha. (∗ ) Indicates that the 

95% confidence interval does not cross zero, meaning the longitudinal change is significantly different from zero. 

Table 3 

Longitudinal change in plasma GFAP, associates with an in- 

creased risk of progression to worsening cognition across the AD 

continuum . 

HR 95 % confidence 

interval 

P value 

A. Cognitively unimpaired (CU) 

Change in GFAP 1.77 1.04–3.04 0.03∗ 

Age, years 0.82 0.52–1.23 0.392 

Sex 1.83 0.81–4.01 0.141 

Education, years 0.86 0.73–1.00 0.05 

A 𝛽-PET status 1.54 0.64–3.76 0.319 

B. Cognitively impaired (CI) 

Change GFAP 1.13 1.05–1.22 0.001∗ 

Age, years 1.14 0.97–1.34 0.103 

Sex 0.63 0.43–92 0.01∗ 

Education, years 0.93 0.89–0.98 < 0.01∗ 

A 𝛽-PET status 1.51 1.07–2.12 0.01∗ 

Cox proportional hazards models demonstrate the effect of lon- 

gitudinal plasma GFAP in predicting risk for subsequent cogni- 

tive change measured using CDR sum of boxes in A. Cognitively 

unimpaired (CU) and B. Cognitively impaired (CI) individuals. 

Age, sex, education, and A 𝛽-PET burden are included as covari- 

ates in the model. Females were used as the reference group for 

the sex as a covariate. Abbreviations: GFAP, glial fibrillary acidic 

protein; HR, hazard ratio; A 𝛽-PET, amyloid-beta positron emis- 

sion tomography. Models were corrected by cohort. 
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U A 𝛽 negative ( Fig. 2 C, Supplemental Table 6) . A trial in the CI A 𝛽

egative group would require 1698 individuals per study arm, whereas

he same trial in the CI A 𝛽 positive group would require 1440 individ-

als per study arm, which represents a decrease in the sample size of

5% ( Fig. 2 C). The progressive decrease in the required sample size per

tudy arm with the progressive increase in drug effects is displayed in

ig. 2 C. 

iscussion 

In this study, we evaluated the characteristics of longitudinal

hanges in plasma GFAP across three cohorts to understand how these

ay inform studies that use plasma GFAP as a secondary outcome of

linical trials. We found that changes in GFAP were associated with an

ncreased risk of worsening cognition. A 𝛽 positive individuals showed

he highest progression rate and effect sizes for changes in plasma GFAP
5

ver approximately 2 years. Furthermore, a significant change in plasma

FAP in CI A 𝛽 negative individuals supports the potential utility of this

iomarker as an endpoint in clinical trials focusing on this population. 

Longitudinal changes in plasma GFAP were associated with an in-

reased risk of cognitive decline in our population. This finding supports

ecent literature that shows that changes in GFAP predict memory de-

line [ 13 ]. Furthermore, earlier investigations have demonstrated an as-

ociation between plasma GFAP levels and cognitive decline across var-

ous racial and ethnic groups [ 36 , 37 ]. We can hypothesize that, taken

ogether, observational studies support the possibility that changes in

lasma GFAP have the potential to predict cognitive deterioration in

linical trials. Therefore, trials could potentially leverage changes in

lasma GFAP to help monitor treatment response [ 38 ]. This could be

specially valuable in detecting pathophysiological changes that may

ot be apparent through clinical testing. Specifically, our results sug-

est that tracking plasma GFAP changes, particularly in CU A 𝛽 positive,

ay serve as an early indicator of disease progression before the onset

f clinical symptoms, allowing monitoring of at-risk individuals. 

Our results demonstrate a marked increase in plasma GFAP levels

n individuals following the AD continuum. These findings are in line

ith previous studies showing a greater increase in plasma GFAP in

 𝛽 positive compared to A 𝛽 negative individuals [ 39 ], as well as that

lasma GFAP levels are highly correlated with A 𝛽 biomarkers [ 40 , 41 ].

ecently, the TRAILBLAZER-ALZ and Clarity trials leveraged GFAP as an

xploratory endpoint and found a significant decrease in plasma GFAP in

heir treatment groups [ 42,43 ], supporting it as a useful secondary end-

oint for anti-A 𝛽 trials. Here, we showed that the CU A 𝛽 positive group

resented significant longitudinal changes in plasma GFAP levels. This is

n line with recent literature suggesting that plasma GFAP abnormalities

lay a key role in AD-related progression in CU populations by acceler-

ting cognitive decline [ 44–46 ] and tau pathology [ 12 , 47 , 48 ]. Finally,

ur findings underscore the potential of using changes in plasma GFAP

s a secondary endpoint in AD clinical trial. 

We found that plasma GFAP showed a significant increase over time

n CI A 𝛽 negative individuals. Notably, all our CI A 𝛽 negative individu-

ls in the BICWALZS and TRIAD cohorts presented some degree of cere-

rovascular pathology. Therefore, it could be argued that the aforemen-

ioned findings are supported by studies showing elevated GFAP levels

n CI A 𝛽 negative individuals with high WMH load [ 49 ] and an associa-

ion between plasma GFAP and WMH burden [ 50 , 51 ]. The link between

lasma GFAP and vascular lesions is compelling, as GFAP is thought to

epresent astrocyte reactivity often associated with different types of

rain lesions, such as those caused by vascular pathology [ 52 ]. As a re-
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ult, there is a rationale supporting the idea that both the accumulation

f AD pathology and vascular injury can lead to the leakage or release

f GFAP from astrocytes [ 53 ]. These results support GFAP as a potential

iomarker of tissue response in the presence or absence of A 𝛽 pathology

or clinical trials. This suggests that although single anti-A 𝛽 therapies de-

rease GFAP levels, this biomarker may be especially important in the

ontext of combined therapies that may target more than one pathway

ssociated with its increase. The effect of the combined therapies would

otentially show a greater decrease in GFAP levels than the effect of

ingle therapies. 

One of the strengths of this study lies in the use of data from cohorts

n North America and Asia, increasing the generalizability of our results

o more ethnically diverse populations, which is a pressing issue in AD

linical trials. The association of changes in GFAP with changes in cogni-

ion in both the CU and CI groups further supports the idea that changes

n GFAP can be used as an outcome related to cognitive benefit. Certain

imitations should be considered when interpreting our results. Some of

he analyses had a relatively small sample size when the entire popu-

ation was stratified by cognitive status and A 𝛽-PET positivity. In the

ICWALZS cohort, tau-PET imaging data were unavailable, precluding

he adjustment of the Cox-hazard analysis for tau-PET. Furthermore, us-

ng only two time points to study longitudinal changes in plasma GFAP

ay limit our understanding of its trajectory during disease progres-

ion. Therefore, additional and longer follow-up timepoints could yield

ore comprehensive insights into plasma GFAP dynamics in the pop-

lation. While plasma GFAP changes are strongly associated with AD

athology, they are also elevated in other neurodegenerative disorders

 54 ]. Thus, AD clinical trials should evaluate changes in plasma GFAP

s a secondary endpoint in alongside with disease-specific biomarkers

o enhance the interpretability of their results. Changes in plasma GFAP

ad the largest effect size for clinical trials in CU A 𝛽 positive individ-

als compared to other studies groups. However, when compared to

tudies using other AD-specific plasma biomarkers, such as p-tau181

 21 ] and p-tau217 [ 55 ], plasma GFAP demonstrated a more modest ef-

ect size. Lastly, more data are needed to understand the association

etween changes in GFAP biofluid levels following drug exposure and

ctual brain tissue changes in astrocyte reactivity. 

To conclude, changes in GFAP have the potential to be used as a sec-

ndary endpoint in clinical trials across the spectrum of AD, from CU

o individuals with dementia, as well as in individuals with cognitive

mpairment due to other age-related conditions such as cerebrovascular

isease. Finally, the data displayed here could serve as a blueprint to

upport sample size estimation for clinical trials using GFAP as a sec-

ndary endpoint. 
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