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Abstract

INTRODUCTION: The prognostic utility of cerebrospinal fluid (CSF) phosphorylated tau 217
(P-tau217) and P-taul81 is not understood.

METHODS: Analyses included 753 Mayo Clinic Study on Aging participants (median age=71.6;
57% male). CSF Ap42 and P-taul81 were measured with Elecsys® immunoassays. CSF P-taul81
and P-tau217 were also measured with Meso Scale Discovery (MSD). We used Cox proportional
hazards models for risk of mild cognitive impairment (MCI) and linear mixed models for risk of
global and domain-specific cognitive decline and cortical thickness. Analyses were stratified by
elevated brain amyloid based on CSF Ap42 or amyloid PET for those with imaging.

RESULTS: CSF P-tau217 was superior to P-tau181 for the diagnosis of AD pathology. CSF
MSD P-taul81 and P-tau217 were associated with risk of MCI among A+ individuals. Differences
between CSF P-tau measures predicting cortical thickness were subtle.
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DISCUSSION: There are subtle differences for CSF P-tau217 and P-taul81 as prognostic AD
markers.
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Cerebrospinal fluid; phosphorylated tau; biomarker; prognosis; cognitive decline; mild cognitive
impairment; dementia

1 BACKGROUND

Neurofibrillary tangles, comprised of intraneuronal hyperphosphorylated tau, are one of the
hallmark pathological characteristics of Alzheimer’s disease (AD), in addition to amyloid-
beta (AB) plaques and neurodegeneration. Immunoassays to measure cerebrospinal fluid
(CSF) tau phosphorylated at threonine 181 (P-tau181) have been developed as a biomarker
of neurofibrillary tangles to support the diagnosis of AD dementia [1, 2]. Although CSF
P-tau181 has been the primary focus in clinical and research settings to date, there are
numerous tau phosphorylation sites [3], some of which are differentially enriched in the CSF
compared to the brain [4].

CSF P-tau181 has consistently been shown to help in the differential diagnosis of AD
dementia from the other tauopathies, suggesting that P-tau181 is more specific to AD [5,

6]. However, there is an ongoing search to identify other tau fragments or phosphorylation
sites to enhance the specificity of AD dementia diagnosis and prognosis [4, 7-10]. Multiple
studies now suggest that CSF phosphorylated tau 217 (P-tau217), compared with P-taul81,
correlates more strongly with amyloid and tau PET and is better able to distinguish between
AD and non-AD neurodegenerative diseases [11-13, 15-16]. However, the superiority of
CSF P-tau217 over P-taul81 may depend on the P-taul81 antibodies used; N-terminal-
directed P-tau181, but not standard mid-region P-taul81, has been shown to have similar
diagnostic performance to N-terminal-directed P-tau217 [14]. Only a single study has
evaluated the prognostic utility of CSF P-taul81 or P-tau217 for cognitive decline and that
study was insufficiently powered to detect the association with longitudinal cognition using
the mini mental state examination (MMSE) [15]. Herein, we compared P-tau217, assayed
using Meso Scale Discovery platform (MSD; Meso Scale Diagnostics LLC, Rockville,
MD, USA), with P-taul181, assayed using both MSD and Elecsys® immunoassay (Roche
Diagnostics International Ltd, Rotkreuz, Switzerland), in relation to both cross-sectional and
longitudinal measures of cognition (including risk of mild cognitive impairment [MCI] and
dementia) and cortical thickness. We present results stratified by brain amyloid status (first
defined by CSF Ap42 and then by amyloid PET for the subset with this measure).

2 METHODS

2.1 Study participants

The Mayo Clinic Study of Aging (MCSA) is a prospective population-based study

examining the epidemiology of cognitive aging in Olmsted County, Minnesota [17]. In 2004,
residents aged between 70 and 89 years were enumerated using the Rochester Epidemiology
Project medical records-linkage system in an age- and sex-stratified random sampling design
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[18]. The study was extended to include those aged 50 and older in 2012. The present
analysis includes participants with CSF collected between November 2007 and August
2016. The study was approved by Mayo Clinic and Olmsted Medical Center Institutional
Review Boards. Written informed consent was obtained.

2.2 Participant assessment

MCSA visits included an interview by a study coordinator, physician examination, and
neuropsychological testing [17]. Clinic visits occurred at 15-month intervals. Participant
demographics (age, sex, and years of education) were ascertained during the in-clinic
examination. The cognitive battery included nine tests covering four domains: memory,
language, executive function, and visuospatial. Sample-specific z-scores for all cognitive
tests were calculated; domain-specific z-scores were created by averaging the z-scores for
the individual tests within each domain. A global cognitive z-score was created by averaging
the z-scores of the four domains. Apolipoprotein E (APOE) 4 genotyping was performed
from a blood sample.

2.3 MCI and dementia diagnostic determination

Clinical diagnoses were determined by a consensus committee of those who evaluated

each participant. Cognitive performance was compared with the age-adjusted scores of
cognitively unimpaired (CU) individuals previously obtained using Mayo’s Older American
Normative Studies which were derived from a separate sample of individuals [19].
Participants with scores around 1.0 standard deviation (SD) below the age-specific mean in
the general population were considered for possible cognitive impairment. The operational
definition of MCI was based on clinical judgment including a history from the patient and
informant. Published criteria were used for the diagnosis: cognitive complaint, cognitive
function not normal for age, essentially normal functional activities, and no dementia [20]. A
final decision was made after considering education, occupation, visual or hearing deficits,
and reviewing all other participant information. The diagnosis of dementia was based on
published criteria [21]. Participants who performed in the normal range and did not meet
criteria for MCI or dementia were deemed CU. The consensus committee was blinded to
CSF and neuroimaging results and the diagnosis of previous MCSA visits.

2.4 Lumbar punctures and CSF assays

Fasting lumbar punctures were performed in the morning in the lateral decubitus position
from the L3 and L4 intravertebral space using a 20 or 22 gauge Quincke needle. CSF

was collected in polypropylene tubes. Two cc were used to evaluate routine markers
(glucose, protein, cell count). The remainder was divided into 0.5 cc aliquots and stored

at —80 °C. Samples underwent one freeze-thaw cycle. CSF Ap42 and P-taul81 were
measured with automated electrochemiluminescence Elecsys immunoassays on a Roche
COBAS 6000 E 601 module (Roche Diagnostics International Ltd, Rotkreuz, Switzerland),
as described [22-24]. CSF Ap1-42<1026 pg/mL was considered amyloid positive (A+)
based on Gaussian mixture modeling. For the measurement of P-tau181, the Roche Elecsys
immunoassay uses a sandwich assay principle. A biotinylated monoclonal antibody specific
for phosphorylation at threonine 181 (11H5V1), binding to amino acids 170-205 of human
Tau-441 with phosphorylated threonine resident at position 181 and a monoclonal Tau-
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specific antibody (PC1C6) labeled with a ruthenium complex react to form a sandwich
complex [24]. Streptavidin-coated microparticles are added, and the interaction between
biotin and streptavidin allows the complex to become bound to the solid phase. The reaction
mixture is then aspirated into the measuring cell, microparticles are captured on to the
electrode, and the application of voltage induces chemiluminescent emission, which is
measured by a photomultiplier.

The MSD P-taul81 and P-tau217 assays were performed using a streptavidin small spot
plate [11]. Briefly, anti-P-tau217 antibody (IBA413) was used as a capture antibody in the P-
tau217 assay whereas anti-P-tau181 antibody (AT270) was used as a capture antibody in the
P-tau181 assay. Both assays used SULFO-tagged total tau antibody (LRL) as the detection
antibody (3pg/ml for the P-tau181 and at 0.5ug/ml for the P-tau217). The LRL antibody

is designed with a unique specificity such that it does not bind to PNS isoforms (Figure

S1). This property provides the improved specificity to brain relevant forms of tau over
other tau assays. Antibodies were conjugated with Biotin (Thermo Scientific, Waltham, MA,
USA, catalog number: 21329) or SULFO-TAG (Meso Scale Diagnostics LLC, Rockville,
MD, USA, catalog number: R91A0-1). The assays were calibrated using a recombinant tau
(4R2N) protein that was phosphorylated /n vitro using a reaction with glycogen synthase
kinase-3p and characterized by mass spectrometry. Samples were analyzed in duplicate and
the mean was used in statistical analysis.

2.5 Neuroimaging measures

AP PiB-PET images were acquired using a PET/CT scanner (DRX, GE Healthcare,
Chicago, IL, USA) operating in 3-dimensional mode [25]. Pittsburgh compound B (PiB)-
PET scan, consisting of four 5-minute dynamic frames, was acquired from 40 to 60 minutes
after injection [26, 27].

Quantitative image analysis for PiB was done using our in-house fully automated image
processing pipeline [28]. A global cortical PiB-PET retention ratio was computed by
calculating the median uptake over voxels in the prefrontal, orbitofrontal, parietal, temporal,
anterior cingulate, and posterior cingulate/precuneus regions of interest for each participant
and dividing this by the median uptake over voxels in the cerebellar crus. No partial
volume correction was used. The atlas and image recognition steps were based on a

3D T1-weighted volume MRI sequence. We dichotomized participants as A+ based on a
cutoff of 1.48 standard uptake value ratio (SUVR) using the reliable worsening method

as previously described [29], and updated to the SPM12 processing pipeline. Briefly, the
reliable worsening cut point was based on identifying a threshold baseline value beyond
which the rate of change in that biomarker worsens reliably.

T1-weighted MRI scans were acquired on 3T GE scanners using a Sagittal 3D
magnetization prepared rapid acquisition gradient recalled echo (MPRAGE) sequence with
acquisition parameters of TR/TE/TI — 2300/3/900 ms with voxel dimensions of 1.20 x 1.015
x 1.015 mm [28]. We used Freesurfer version 5.3 for computation of cortical thicknesses
and used the composite of entorhinal, inferior temporal, fusiform, and middle temporal
regions [30].
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2.6 Statistical analysis

Wilcoxon rank sum tests, for continuous variables, and Fisher’s exact tests, for categorical
variables, were used to examine differences in participant characteristics and CSF P-tau
measures by cognitive and amyloid status. Spearman correlation coefficients were used to
examine the association between continuous measures of CSF P-tau and other continuous
variables. Area under the curve (AUC) and De Long comparisons were used to examine
significantly differences in the accuracy of the P-tau measures for CU vs. MCI, CSF A- vs.
A+, and PET A- vs. A+. For model comparisons, the P-tau measures were z-scored based
on the mean P-tau level of CU A- participants so that the model estimates could be directly
compared. Cox proportional hazards models were used to calculate the hazard ratio (HR)
and 95% confidence interval (ClI) for the CSF P-tau variables and risk of MCI (among CU
at baseline) or dementia (among those with MCI) using time as the timescale. Multivariable
models adjusted for age, sex, education, and APOE. Linear mixed effect models were used
to examine the cross-sectional and longitudinal associations between CSF P-tau variables
with global- and domain-specific cognitive z-scores and cortical thickness. We specified a
random intercept and random slope to account for within-subject correlation, and used an
unstructured covariance matrix. Multivariable models again adjusted for age, sex, education
and APOE as fixed effects. Additionally, models were summarized for model fit using

the Akaike Information Criteria (AIC) in order to compare how well the models fit the

data within each analysis family, the lower the AIC the better the model fit. A difference

in AIC of 0-2 represents some evidence, of 4-7 considerable evidence, and >10 of very
strong evidence for differences between two models [31]. Results are presented stratified by
amyloid status (first defined by CSF Ap42 and then defined by amyloid PET for the subset
with this measure). A P-value<.05 was considered statistically significant. Analyses were
performed using SAS version 9.4 (SAS Institute, Cary, NC, USA) and R version 3.6.2 [32].

3 RESULTS

3.1 Participant characteristics

The 753 participants, at the time of their lumbar puncture, had a median (range) age of
73.1 (50.7-95.3) years, education of 14.6 (0-20) years, 56.7% were men, and 27.4% had an
APOE £4 allele. The median (range) follow-up time was 5.6 (0-11.7) years.

The CSF P-tau measures were highly correlated (Spearman’s rho [P-value] for MSD P-
taul81 versus 217=0.94[A<.001]; for MSD P-tau181 versus Elecsys P-tau181=0.86[ ~<.001];
and for MSD P-tau217 versus Elecsys P-tau181=0.77[~<.001]). All three markers

correlated with age (Spearman’s rho [P-value] for MSD P-tau181=0.36[ ~<.001]; for MSD
P-tau217=0.34[ A<.001]; and for Elecsys P-tau181=0.38[~<.001]. None of the P-tau levels
differed by sex (all ~>.4). Compared to non-carriers, those with an APOE 4 allele had
higher levels of MSD P-tau181 (/<.001), MSD P-tau217 (/<.001), and Elecsys P-tau181
(P=.027).

3.2 CSF P-taul81 and P-tau217 by clinical diagnosis and amyloid status

Continuous measures of Elecsys P-tau181, MSD P-taul81, and MSD P-tau217 are shown
in Table 1 and Figures S2-S4 by clinical diagnosis and amyloid status based on CSF
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APB42<1026 pg/ml. There were overall group differences in all P-tau measurements by
clinical diagnosis and amyloid status determined by Wilcoxon rank sum tests (A<.001; Table
1). MSD P-tau 217 levels were 21% higher in CU A+ compared to CU A- (80.6 vs. 66.5
pg/ml, P=.015). However, some two-way comparisons by clinical diagnosis and amyloid
status were not significant (Figures S2-S4). For example, MSD P-taul81 levels did not differ
between CU A+ versus A- (82.6 vs 88.5 pg/ml, £=0.37). Interestingly, for Elecsys P-tau181
CU A- had higher levels than CU A+ (19.4 vs. 15.2, £<0.001). When comparing MCI A-
to MCI A+, there was no difference in Elecsys P-taul81 whereas MSD P-taul81 was 86%
higher and MSD P-tau217 was 161% higher, respectively, for MCI A+. Figure S5 shows
ROC curves comparing CSF P-tau measures. Using De Long comparisons, the AUC of
MSD P-tau 217 was significantly better than MSD P-taul81 (~=.002) and Elecsys P-tau181
(P=.04) for distinguishing between CU and MCI, but there was no difference between the
two P-taul81 measures. When distinguishing between A+ and A- based on CSF Ap42,

the AUC of MSD P-tau217 was significantly better than MSD P-taul81 (/<.001) but not
Elecsys P-taul81 (~=.58).

Because the P-tau/AB42 ratio corresponds better to amyloid PET than CSF Ap42 alone for
defining A+, and we could not use the P-tau/AB42 ratio due to circularity, we replicated

the above analyses but instead used amyloid PET to define amyloid status (Table S1 and
Figures S6-S8). Of the participants with CSF, 356 (47.3%) had a concurrent amyloid PET
scan. There were no differences between participants with versus without amyloid PET with
regards to age, sex, APOE, or clinical diagnosis. Concordance (95% CI) between CSF Ap42
and amyloid PET, measured using Cohen’s kappa, was 0.38 (0.29, 0.47). Using amyloid
PET, all three CSF P-tau measures significantly (/A<.001) differentiated CU PET A- and CU
PET A+ as well as MCI PET A- and MCI PET A+. When comparing CU A- to CU A+, the
median Elecsys P-tau181 measure was 37% higher, MSD P-tau181 was 83% higher, MSD
P-tau217 was 281% higher for CU A+ participants. Similarly, when comparing MCI A- to
MCI A+, median Elecsys P-taul81, MSD P-taul81, and MSD P-tau217 were 56%, 261%,
462% higher for MCI A+. Using De Long comparisons (Figure S5) for PET A+ vs. A-, the
AUC of MSD P-tau217 was significantly better than MSD P-tau181 (P<.001) and Elecsys
P-tau181 (P<.001). The AUC of MSD P-tau181 was also significantly better than Elecsys
P-tau181 (P<.001).

3.3 Comparison of CSF P-taul81 and P-tau217 for risk of MCI and progression from MCI

to dementia

Over the course of the follow-up, 106 of 621 (17%) CU participants with follow-up data
were diagnosed with incident MCI. In multivariate models for risk of MCI among the

entire cohort, each z-score unit increase in MSD P-tau181 (HR=1.14; 95% Cl, 1.03-1.26)
and MSD P-tau217 (HR=1.16; 95% ClI, 1.07-1.26), but not Elecsys P-tau181 (HR=1.07;
95% ClI, 0.93-1.23), was significantly associated with a greater risk of MCI (Table S2).
Comparing AICs, MSD P-taul81 had the best model fit for predicting risk of MCI, followed
by MSD P-tau217 then Elecsys P-taul81.

When stratified by CSF AB42, there was no association between any of the CSF P-tau
measures and risk of MCI among those who were A- in multivariable analyses (Figure 1
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and Table S2). Among A+ in multivariable analyses, MSD P-tau181 (HR=1.14; 95% ClI,
1.03-1.26) and MSD P-tau217 (HR=1.13; 95% ClI, 1.04-1.22), but not Elecsys P-tau181
(HR=1.10; 95% ClI, 0.95-1.25), was significantly associated with risk of MCI. MSD P-
tau217 had the best model fit based on AIC, but the AIC values for each P-tau measure had
little overall difference.

We repeated the analyses restricting the sample to the 356 participants with available
amyloid PET data (Table 2). Similar to the analyses with the entire cohort in multivariate
models, each z-score unit increase in MSD P-tau181 (HR=1.36; 95% CI, 1.12-1.65) and
MSD P-tau217 (HR=1.36; 95% ClI, 1.18-1.58), but not Elecsys P-tau181 (HR=1.23; 95%
Cl, 0.98-1.55), was associated with a significantly greater risk of MCI. Comparing AICs,
MSD P-tau217 had a slightly better model fit for predicting risk of MCI, followed by
MSD P-taul81 then Elecsys P-taul81. When stratified by amyloid PET status, there was no
association between any of the P-tau measures and risk of MCI among A- participants.
Among A+ participants in multivariable analyses, MSD P-taul81 (HR=1.28; 95% Cl,
1.01-1.63) and MSD P-tau217 (HR=1.31; 95% CI, 1.09-1.58), but not Elecsys P-tau181
(HR=1.08; 95% ClI, 0.81-1.43), was significantly associated with risk of MCI. As above,
MSD P-tau217 had the best model fit based on AIC, but the AIC values for each P-tau
measure had little overall difference.

There were 15 MCI participants who progressed to dementia. In multivariable models, only
MSD P-tau217 (HR=1.17; 95% ClI, 1.01-1.36), but not MSD P-tau181 (HR=1.16; 95% ClI,
0.96-1.41) or Elecsys P-tau181 (HR=1.14; 95% CI, 0.82-1.58), was significantly associated
with risk of progression from MCI to dementia. There were not enough incident dementia
events to restrict by amyloid status based on CSF or amyloid PET.

3.4 Association between CSF P-taul81 and P-tau217 with global- and domain-specific
cognitive decline and cortical thickness

We next examined the multivariate cross-sectional and longitudinal associations of the

P-tau measures with global and domain-specific cognitive decline and cortical thickness
among CSF A+ (Figure 2 and Table S3) and A- (Table S4) participants. Among CSF A+
participants, MSD P-tau217 was the best fit model, based on AIC, for global cognition,

all cognitive domains, and cortical thickness. However, for some outcomes such as cortical
thickness, the AIC values did not differ much between the CSF P-tau measures. Among
CSF A- participants, all three CSF P-tau measures were significantly associated with greater
global cognitive decline and decline in all four cognitive domains, but not in cortical
thickness (Table S4). Comparing the CSF P-tau measures, MSD P-tau181 had the lowest
AIC and best model fit for all cognitive outcomes.

Among the subset of participants with amyloid PET, the multivariate cross-sectional and
longitudinal associations of the P-tau measures with global and domain-specific cognitive
decline and cortical thickness among PET A+ and PET A- are shown in Table 3 and Table
S5, respectively. Among PET A+, and similar to CSF A+, MSD P-tau217 was the best fit
model, based on AIC, for global cognition, all cognitive domains, and cortical thickness.
However, for some outcomes such as visual-spatial performance and cortical thickness,
the AIC values did not differ much between the CSF P-tau measures. There were fewer

Alzheimers Dement. Author manuscript; available in PMC 2023 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mielke et al.

Page 8

associations between the P-tau measures and cognition among the PET A- group and no
association between any measure and cortical thickness. Higher levels of three CSF P-tau
measures were associated with greater decline in memory but there was little difference
based on AIC.

4 DISCUSSION

We compared the model fit of CSF P-tau217, assayed using MSD, and P-taul81, assayed
using both MSD and Elecsys, in relation to cross-sectional and longitudinal measures of
cognition (including risk of MCI and dementia) and cortical thickness. We examined each
marker as a continuous z-scored measure to best compare coefficients and to maximize the
power of the study. AIC was used to determine best model fit. In cross-sectional analyses,
CSF P-tau217 better distinguished between CU and MCI groups, and between A- and A+.
Thus, CSF P-tau217 is a better diagnostic marker of AD pathophysiology. Longitudinally,
both CSF MSD P-tau181 and P-tau217 results were associated with risk of MCI among A+
participants. However, the best fit model varied for the two MSD assays depending upon the
cognitive outcome. There were few differences between the CSF P-tau measures for change
in global or domain-specific cognitive decline or cortical thickness.

Previous cross-sectional studies compared the diagnostic utility of CSF P-tau181 and
P-tau217 for AD using different approaches. These studies, using multiple assay
methodologies, reported that CSF P-tau217 correlated more strongly with both amyloid PET
and Tau PET and was better able to distinguish between AD and non-AD neurodegenerative
diseases [11-13, 15-16]. However, the superiority of CSF P-tau217 over P-taul81 may
depend on the P-taul81 antibodies used; N-terminal-directed P-taul81, but not standard
mid-region P-taul181, has been shown to have similar diagnostic performance to N-terminal-
directed P-tau181 [14]. The current cross-sectional analysis, albeit on a larger sample size
and within a population-based setting, similarly found a larger difference in CSF P-tau217
levels than P-tau181 when distinguishing between A+ and A- participants, especially among
MCI. Importantly, we first defined A+ based on Ap42<1026 pg/ml because we could not
define A+ based on the CSF P-tau/Ap42 ratio due to the circularity of comparing P-tau
measures, and we did not have CSF Ap40 assayed to determine a CSF Ap42/AB40 ratio.
The CSF AB42/AR40 ratio has been shown to be superior for the measurement of brain
amyloid and the diagnosis of AD dementia [33, 34]. Indeed, in the present study, the Cohens
kappa of 0.38 between CSF Ap42 and amyloid PET was only fair. Concurrent amyloid PET
was only available for about half of the participants. However, we did repeat the analyses
among the amyloid PET subset to determine if the results were consistent. Indeed, the
difference between A+ and A- was most notable and consistent when elevated brain amyloid
was defined by amyloid PET instead of CSF. Thus, the misclassification of patients in the
primary analysis based on CSF AB42 cannot be excluded.

The difference between A+ and A- in the two P-taul81 assays likely represents the
contribution of unique tau protein isoform selectivity (Figure S1), although other platform
or assay details cannot be ruled out. The tau protein isoform selectivity is unique compared
with the N-terminal P-taul81 assay described by Karikari et al. (2020) despite using the
same P-tau181 specific antibody as in Lumipulse or Innotest [14]. This unique tau isoform
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specificity in the Lilly P-tau assays may be important in CSF, and head-to-head comparisons
of the different assays are needed. Similarly, the differences in A+ and A- between the

two MSD assays highlights the contribution of P-tau217 versus P-taul81 because the only
difference between the assays was the phosphorylation site-specific antibody reagent. Of
note, one mass spectrometry study utilized the ratio of P-tau181 or P-tau217 peptides to
unmodified peptides [16] as a way to control for background individual heterogeneity and
pointed out the importance of avoiding the contribution of peripherally expressed tau.

Among serial CSF samples a mean of 3.4 years apart, a larger increase in CSF P-tau217
than CSF P-tau181 has been observed, specifically in those individuals who were A+ [11,
15]. However, due to the small sample size of these prior studies, the prognostic utility of
individual P-tau assays or their comparison for cognitive decline has not been previously
reported. In the present study, we compared the CSF P-tau measures for risk of MCI by
amyloid status (A+ and A-). Among CSF A+, only MSD P-taul81 and P-tau217 were
associated with a significant increased risk of MCI in multivariable analyses. However,
there was little difference in AIC for the determination of best fit model. Among the subset
of participants with concurrent amyloid PET, the results among those who were PET A+
were the same as those who were CSF A+. There were no associations between any of the
CSF P-tau measures and risk of MCI among those who were CSF A- or PET A-. These
results further suggest that CSF P-tau is a prognostic marker of cognitive impairment among
individuals with elevated brain amyloid. For CSF A+ and PET A+, AIC was lowest for
P-tau217 models, indicating best model fit, but the overall difference in AIC values between
models was relatively small. Notably, both MSD assays were significantly associated with
risk of MCI whereas the Elecsys P-taul81 was not.

When examining global and domain-specific cognitive decline and change in cortical
thickness, MSD P-tau217 had the best fit models among A+ regardless of whether A+

was defined by CSF or PET. However, the coefficients of each P-tau measure for a given
outcome were often similar and the AICs did not vary a lot. Thus, all three P-tau measures
can be used to predict cognitive decline among individuals with elevated brain amyloid. In
addition, we also found that all three CSF P-tau measures were similarly associated with
global and domain-specific cognitive decline, but not cortical thickness, among CSF A- and
PET A- participants. It is likely that these associations are driven by individuals with higher
brain amyloid but who have not yet crossed the threshold to A+.

Future studies should compare these CSF P-tau measures as prognostic markers across the
clinical disease spectrum and include a larger number of individuals who progress from MCI
to dementia. Indeed, further understanding of the biological implications and temporality of
CSF P-tau181 and P-tau217, along with P-tau231 and P-tau205 is needed. Among familiar
AD mutation carriers, CSF P-tau205 was noted to increase after CSF P-tau181 and P-tau217
[35]. Other studies of sporadic AD patients suggest that CSF P-tau231 may change before
P-tau181 or P-tau217 [10].

Strengths of the study include the large sample size with longitudinal follow-up,
population-based setting, and robust assay methodologies. However, limitations also warrant
consideration. First, we did not have available serial CSF P-tau assessments to assess change
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in the P-tau measures and change in cognition or cortical thickness. Second, although tau
PET is now collected in the MCSA, most of the CSF was collected prior to the beginning
of tau PET. Thus, we could not directly compare the CSF P-tau measures to tau PET for
cognitive prognosis. Lastly, the number of incident dementia cases was low and we had
insufficient power to examine associations by brain amyloid.

In conclusion, the current study with a larger sample size and population-based study
design, replicate most previous findings of superior diagnostic ability of CSF P-tau217 over
P-taul181 for the diagnosis of AD pathology. In addition, results suggest that CSF P-tau217
may be a better prognostic marker of MCI among cognitively unimpaired A+ individuals. In
relation to cognitive decline, overall differences between the CSF P-tau measures among A+
or A- individuals are very subtle.
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FIGURE 1.

Comparison of CSF P-tau181 and P-tau217 markers, by CSF amyloid-beta4?2 status, for
risk of MCI and progression from MCI to dementia in the Mayo Clinic Study on Aging.
Multivariable models are presented adjusting for age, sex, education, and APOE.
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FIGURE 2.
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Comparison of CSF P-taul81 and P-tau217 markers for global and domain-specific
cognitive decline and cortical thickness in the Mayo Clinic Study on Aging among
participants who have elevated brain amyloid. Multivariable models are presented, which

adjust for age, sex, education, and APOE.
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Comparison of CSF P-tau measures for risk of MCI among the entire cohort and stratified by elevated brain

TABLE 2

amyloid defined by amyloid PiB-PET>1.48 SUVR

Z-scored CSF P-tau measures

Univariate

HR (95% Cl)

AlC

Multivariate

HR (95% CI)

AlC

All
Elecsys P-tau 181
MSD P-tau 181
MSD P-tau 217
Amyloid PET A-
Elecsys P-tau 181
MSD P-tau 181
MSD P-tau 217
Amyloid PET A+
Elecsys P-tau 181
MSD P-tau 181
MSD P-tau 217

1.39 (1.14, 1.70)
151 (1.27, 1.79)
1.42 (1.26, 1.61)

1.34(0.87, 2.07)
1.32 (0.69, 2.50)
1.28 (0.57, 2.87)

1.15 (0.89, 1.49)
1.34 (1.07, 1.68)
1.34 (1.13, 1.58)

418.7
410.6
404.5

198.3
199.3
199.6

159.8
155.0
150.6

1.23 (0.98, 1.55)
1.36 (1.12, 1.65)
1.36 (1.18, 1.58)

1.06 (0.66, 1.72)
1.06 (0.51, 2.25)
1.13 (0.45, 2.85)

1.08 (0.81, 1.43)
1.28 (1.01, 1.63)
1.31 (1.09, 1.58)

409.0
403.7
397.6

184.6
184.7
184.6

162.0
159.0
154.6

Abbreviations: AIC, Akaike Information Criteria; CSF, cerebrospinal fluid; MCI, mild cognitive impairment; HR, hazard ratio; Cl, confidence
interval; MSD, Mesoscale discovery platform; P-taul81, phosphorylated tau 181; P-tau217, phosphorylated tau 217.

Multivariate models adjust for age, sex, education, and APOE.
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