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Abstract

INTRODUCTION: Blood biomarkers showed values for predicting future cogni-

tive impairment. Evidence from the community-based cohort was limited only in

high-income countries.

METHODS: This study included 1857 dementia-free community residents recruited

in 2009–2011 and followed up in waves 2014–2016 and 2019–2023 in the Shang-

hai Aging Study. We intended to explore the relationships of baseline plasma ALZpath

phosphorylated tau 217 (p-tau217), p-tau181, neurofilament light chain (NfL) with

follow-up incident dementia, Alzheimer’s disease (AD), and amyloidosis.

RESULTS: Higher concentrations of plasma p-tau217, p-tau181, and NfL were corre-

lated to higher decline speed of Mini-Mental State Examination score, and higher risk

of incident dementia andAD.Thep-tau217demonstrateda significant correlationwith

longitudinal neocortical amyloid-beta (Aβ) deposition (r= 0.57 [0.30, 0.76]) and a high

accuracy differentiatingAβ+ fromAβ- at follow-ups (area under the receiver operating
characteristic curve= 0.821 [0.703, 0.940]).

DISCUSSION: Plasma p-tau217 may be an early predictive marker of AD and Aβ
pathology in older community-dwelling individuals.
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Highlights

∙ Plasma p-tau217, p-tau181, and NfL were positively associated with long-term

cognitive decline and risk of incident dementia.

∙ Plasma p-tau217 showed a better performance distinguishing Aβ+ individuals from

Aβ- individuals at follow-ups.
∙ Plasma NfL may be a suitable predictor of general cognitive decline in older

community-dwelling individuals.

1 BACKGROUND

It was estimated by the Global Burden of Disease Study that the

worldwide number of people with dementia would surge to 153 mil-

lion in 2050.1 It is imperative to identify people who are at high

risk of developing dementia or Alzheimer’s disease (AD) in the gen-

eral population because modifying risk factors may prevent or delay

dementia.2 Blood-based biomarker may be a promising way to screen

high-risk populations, owing to its preferable accessibility and less

invasiveness.3

Recent studies demonstrated that plasma phosphorylated tau pro-

teins (e.g., p-tau217 and p-tau181) as AD-specific biomarkers, were

associated with longitudinal cognitive decline4–8 and clinical pro-

gression to dementia/AD.6,9–16 Of note, p-tau217 exhibited a better

performance than other p-tau biomarkers in predicting the progres-

sion from mild cognitive impairment (MCI) to AD dementia.17 Blood

neurofilament light chain (NfL), a non-specific biomarker reflecting

the neurodegeneration, also showed value in predicting cognitive

deterioration18–20 and clinical progression.20,21 In the ATN frame-

work, T (as indicated by p-tau) and N (as indicated by NfL) were more

related to clinical performance than amyloid markers.20,22 However,

most participants of previous studies were recruited from hospitals,

and representative community-based cohorts are needed to verify the

generalizability of these markers in the real-world situation. In addi-

tion, previous assays for plasma p-tau217 measurements were not

commercially available, which hindered the verification of this marker

in cohorts and countries from diverse populations.

To date, only a few community-based cohort studies tried to ver-

ify the diagnostic performance of the plasma p-tau217. The Mayo

Clinic Study of Aging (MCSA) study found plasma p-tau217 and

p-tau181 could predict amyloid-beta (Aβ) positron emission tomog-

raphy (PET) positive (area under the receiver operating character-

istic curve [AUC] = 0.81–0.86) and tau PET positive in entorhinal

cortex (AUC > 0.80).23 Another study targeting the non-Hispanic

White, Hispanic, and African American populations from the Wash-

ington Heights-Inwood Columbia Aging Project (WHICAP) demon-

strated that increased plasma p-tau217 and p-tau181were associated

with future AD diagnosis.16 However, the evidence from low- and

middle-income countries (LMICs) is lacking, especially for the Chinese

population, which accounts for the one-fifth of the global population.

The Shanghai Aging Study (SAS) is an ongoing prospective

community-based cohort study conducted in the Chinese popu-

lation with a comparable study design and procedures to most

epidemiological cohort studies in western countries.8 By using the

10-year longitudinal data from SAS, we intended to demonstrate the

distribution of baseline plasma p-tau217, p-tau181, and NfL in diverse

clinical diagnostic groups and their correlationswith baseline cognition

and longitudinal cognitive decline and incident dementia/AD. We also

tried to explore whether these blood-biomarkers could differentiate

Aβ status after a decade in individuals remaining dementia-free, using

a subgroupwith Aβ PET scans at follow-up.

2 METHODS

2.1 Study participants

SAS is a community-based longitudinal cohort initiated from 2009 in

Shanghai, China. The original inclusion and exclusion criteria included

(1) aged≥ 60 years old; (2) permanent registered residents in the com-

munity; (3) without schizophrenia or mental retardation; (4) cooper-

ated to complete the physical and neuropsychological examinations.8

Demographics, lifestyles, andmedical historieswere collected by ques-

tionnaires. Apolipoprotein E (APOE) genotyping was achieved by the

TaqmanSNP method. The detailed description of the study design and

recruitment procedures have been reported elsewhere.8

At baseline, 3141 older community residents were interviewed at

the Department of Neurology, Huashan Hospital, Fudan University,

among which, 2985 were diagnosed with dementia-free, and were eli-

gible for the follow-up. In the first follow-up wave from March 2014

to December 2016, 1659 participants have been successfully followed

up.24 For the second follow-up wave from January 2019 to June 2023,

668 participantswere interviewed, including 198 participantswho had

not been interviewed in the first wave. Thus, a total of 1857 partici-

pantswithat least one follow-up interviewwere included in the current

study.

This study was approved by the Medical Ethics Committee of

Huashan Hospital, Fudan University. All participants and/or their legal

representatives signed the written informed consents at baseline and

each follow-upwave.
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2.2 Blood biomarkers assays

Overnight fasting blood samples were collected, centrifuged, and

stored at −80◦C at baseline, and were used for biomarker assays

in August 2023 (p-tau217), November 2020 to January 2023 (p-

tau181), and November 2019 to January 2023 (NfL). EDTA plasma

p-tau217, p-tau181, and NfL were quantified using an ultra-sensitive

single-molecule array (Simoa) technology (Quanterix, MA, USA) on the

automated Simoa HD-X platform (GBIO, Hangzhou, China). The ALZ-

path Simoa p-tau217 v2 (Cat No: 104371),25,26 p-tau181 v2 (Cat No:

103714),27 and NfL (Cat No: 103186)27 assay kits were used accord-

ing to the technical notes. Samples were diluted at a 1:3 ratio for the

assay of p-tau217, and 1:4 ratio for the assays of p-tau181 and NfL.

For all the measurements, calibrators and quality controls were mea-

sured in duplicate. Samplemeasurementwas performedon a single run

basis using kits with the same lot numbers. Technicians were blind to

participants’ information.

2.3 Neuropsychological assessments and clinical
diagnosis

At baseline, the Mini-Mental State Examination (MMSE) and domain-

specific tests were administered by certified psychometrists. Neurol-

ogists and neuropsychologists reviewed neuropsychological results,

medical histories, and other relevant information to reach a con-

sensus clinical diagnosis of cognitively unimpaired (CU), MCI, and

dementia. Dementia was diagnosed based on the DSV-IV criteria.28

Among participants with dementia, those whomet the 1984 NINCDS-

ADRDA criteria were diagnosed as AD,29 and the others were ascer-

tained as non-AD dementia. MCI was diagnosed according to the

Petersen’s criteria, and subtypes were classified (i.e., amnestic MCI

single domain [aMCI-SD], amnestic MCI multiple domains [aMCI-MD],

non-amnestic MCI single domain [naMCI-SD], and non-amnestic MCI

multiple domains [naMCI-MD]).30,31

At each wave of follow-up, the same neuropsychological tests, diag-

nostic protocols and methods for incident dementia, AD, and non-AD

dementia were used. Those who did not meet the diagnosis criteria of

dementia were regarded as non-dementia (CU andMCI).

2.4 Aβ-PET imaging

In the second wave of follow-up, a subset of participants underwent

Aβ-PET using the tracer 18F-florbetapir (18F-AV45) at the PET center

in Huashan hospital, Fudan University.

Aβ-PET imaging was carried out 50 min after the intravenous injec-

tion of 7.4 MBq/kg (0.2 mCi/kg). It was reconstructed by means of

filtered back projection algorithm with corrections for decay, normal-

ization, dead time, photon attenuation, scatter, and random coinci-

dences. Images were processed by Statistical Parametric Mapping 12

(SPM12) implemented in MATLAB (R2013b [8.2.0.701]). Briefly, raw

PET images were co-registered to the structural MRI images and cor-

rected the partial volume effects. Images were spatially normalized to

RESEARCH INCONTEXT

1. Systematic review: Literature was searched in PubMed

using the following terms, “((phosphorylated tau) OR (p-

tau217) OR (p-tau181) OR (p-tau) OR (neurofilament

light chain) OR (NfL)) AND ((blood) OR (plasma) OR

(serum)) AND ((dementia) OR (Alzheimer*))”. Previous

studies demonstrated that plasma p-tau species and NfL

were associated with the cognitive decline and the pro-

gression to dementia and Alzheimer’s dementia (AD).

Specifically, plasma p-tau217may be a better indicator of

brain amyloid pathology and AD. However, the evidence

from the community-based cohorts was limited only in

high-income countries.

2. Interpretation: Our results indicated that plasma p-

tau217, p-tau181, and NfL were associated with long-

term cognitive decline and incident dementia/AD in

older community-dwelling individuals. Plasma p-tau217

showed the best performance distinguishing Aβ+ individ-

uals from Aβ- individuals at follow-ups among the three

markers.

3. Future directions: The relationships between plasma

p-tau217, p-tau181, NfL, and tau pathology deserves

further exploring. Multi-ethnic cohort studies should be

conducted to verify whether plasma p-tau217 could be

used as a stand-alonemarker predicting AD.

theMontreal Neurological Institute standard space using the transfor-

mation matrices of segmented individual structural MRI images. The

normalized images underwent smoothing (full-width at half-maximum:

8mm).32

Aβ-positivewas visually determined by two independent neuroradi-

ologists using the software (Siemens syngo.via).32,33 The standardized

uptake value ratio (SUVR) was calculated using the whole cerebellum

gray matter as the reference region. A composite neocortical region

of interest (ROI) amyloid SUVR for each participant was calculated by

averaging SUVRs from the following regions based on the Automated

Anatomical Labelling Atlas 334: precuneus, prefrontal, orbitofrontal,

parietal, temporal, and cingulate cortices.35

2.5 Statistical analysis

To compare the difference of continuous variables, Student’s t-testwas

used for two groups, while the analysis of covariance (ANCOVA) and

post hoc tests based on estimatedmarginal means (Bonferronimethod

for adjusting multiple comparisons) were used for more than three

groups after adjusting for age, sex, years of education, and APOE ε4.
Chi-squared and post hoc z test (Bonferroni method) were adopted

to compare the difference of categorical variables. For the analyz-

ing purpose, original concentrations of plasma p-tau217, p-tau181,
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and NfL were log10 transformed to ensure the normal distribution.36

Each transformed value was classified into quartile groups (Q1, Q2,

Q3, and Q4). Univariate linear regression model was used to estimate

the association of baseline biomarkers and baseline MMSE scores,

while multivariate linear regression model with adjusted β was used

to assess the correlation of baseline biomarkers’ concentrations with

the annual decline of the MMSE score (i.e., [baseline MMSE score—

follow-up MMSE score]/follow-up years), adjusting for age, sex, years

of education, and APOE ε4. Linear mixed-effects model was used to

fit the association between follow-up time and MMSE with the inter-

action item of follow-up time and biomarker levels, including random

intercepts but fixed slopes for participants, adjusting for the same

covariates mentioned above. The cumulative incidence of dementia

and AD was estimated using the Kaplan-Meier method and compared

using the log-rank test. Cox proportional hazards regression model

was used to estimate the adjusted hazard ratios (HRs) of demen-

tia and AD in four quartile concentrations of biomarkers, using the

lowest quartile as the reference group. The first time when incident

dementia was diagnosed was regarded as the time to event. The lin-

ear trend was tested by entering the median value of each quartile of

biomarker concentration as a continuous variable in theCox regression

model.37

We used Pearson’s correlation coefficient r to evaluate the rela-

tionship between the baseline biomarker and follow-up neocortical Aβ
SUVR. The AUC, sensitivity, specificity, positive predictive value (PPV),

and negative predictive value (NPV) were used to assess the predic-

tive ability of baseline plasma biomarkers for Aβ positive at follow-up.
Voxel-wise linear model was performed to estimate the association of

levels of baseline biomarkers with follow-up amyloid SUVR adjusting

for age and sex. Statistical significance was set at p < 0.001 with a

cluster size of k> 100 voxels.36

All tests were set at a significance level of 0.05 with two tails unless

otherwise noted. Statistical analyses were conducted in R (version

4.3.1), IBM SPSS v.25.0., and MATLAB (R2013b [8.2.0.701]). Graphi-

cal representationswere achieved byR,MATLAB, andGraphPadPrism

(version 8.0.0).

3 RESULTS

3.1 Characteristics of study participants

As shown in Table 1, 1857 dementia-free participants were included in

this study at baseline, amongwhich, 1540 (82.9%) individuals were CU

TABLE 1 Baseline and follow-up characteristics of study participants.

Follow-up diagnosis

All

(N= 1857)

Non-dementia

(N= 1650)

AD dementia

(N= 145)

Non-AD dementias

(N= 62) p-Value†

Baseline

Age, years, mean (SD) 70.8 (7.6) 69.8 (7.2) 79.1 (6.1) 77.8 (5.9) <0.001a,c

Sex, male, n (%) 826 (44.5) 753 (45.6) 55 (37.9) 18 (29.0) 0.009c

Education, years, mean (SD) 11.8 (4.0) 12.2 (3.7) 8.7 (5.1) 9.3 (5.2) <0.001a,c

APOE ε4 allele, positive, n (%) 288/1743 (16.5) 248/1569 (15.8) 33/122 (27.0) 7/52 (13.5) 0.005a

MMSE, mean (SD) 28.2 (2.0) 28.6 (1.6) 25.8 (3.2) 25.6 (3.0) <0.001a,c

Clinical diagnosis, n (%) <0.001a,c

Cognitively unimpaired 1540 (82.9) 1461 (88.5) 50 (34.5) 29 (46.8)

Mild cognitive impairment 317 (17.1) 189 (11.5) 95 (65.5) 33 (53.2)

Plasma p-tau217, pg/mL, mean (SD)* 0.39 (0.3) 0.36 (0.2) 0.71 (0.6) 0.43 (0.3) <0.001a,b

Plasma p-tau181, pg/mL, mean (SD)* 2.26 (1.7) 2.20 (1.6) 3.12 (2.3) 2.22 (0.8) <0.001a,b

PlasmaNfL, pg/mL, mean (SD)* 17.97 (11.6) 17.01 (10.2) 28.39 (19.5) 23.67 (13.4) <0.001a,c

Follow-up

Follow-up years, median (range) 5.6 (0.9, 13.5) 5.7 (2.7, 13.5) 4.7 (0.9, 13.3) 5.2 (1.1, 13.1) <0.001a,b

MMSE, mean (SD) 26.6 (4.4) 27.8 (2.1) 18.8 (4.2) 13.6 (8.7) <0.001a,b,c

Note: The numbers of unavailable data in five variables were: APOE (n = 114), p-tau217 (n = 149), p-tau181 (n = 144), NfL (n = 150), and follow-up MMSE

(n= 5).

Abbreviations: AD, Alzheimer’s disease; APOE, apolipoprotein E; MMSE, Mini-Mental State Examination; NfL, neurofilament light chain; SD, standard

deviation.

*Original value.
†Welch and post hoc Games-Howell test were used to test the difference of continuous variables, while chi-square and post hoc z test (Bonferroni method

for adjustingmultiple comparisons) were adopted to compare the difference of categorical variables among participants of non-dementia, AD dementia, and

non-AD dementias. The superscripts a, b, and c indicated the significant difference of post hoc analyses between AD dementia and non-dementia (a), AD

dementia and non-AD dementias (b), and non-AD dementias and non-dementia (c).
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and the other 317 (17.1%) individuals were MCI. During the median

5.6 (range, 0.9–13.5) years of follow-up, 207 (11.1%) participants pro-

gressed to dementia (including 145AD), and 1650 (88.9%) participants

remained dementia-free. Participants with incident AD were signifi-

cantly older (79.1 [6.1] vs. 69.8 [7.2] years), less educated (8.7 [5.1] vs.

12.2 [3.7] years), and more likely carrying APOE ε4 allele (27.0% vs.

15.8%) than non-dementia participants. Participants who progressed

to non-AD dementias were significantly older (77.8 [5.9] vs. 69.8 [7.2]

years), less likely to be male (29.0% vs. 45.6%), and less educated

(9.3 [5.2] vs. 12.2 [3.7] years) than non-demented participants. Plasma

p-tau217, p-tau181, and NfL were measured in 1708 (92.0%), 1713

(92.2%), and 1707 (91.9%) participants, respectively. Participants with

incident AD had the highest baseline concentrations of p-tau217 (0.71

[0.6] pg/mL), p-tau181 (3.12 [2.3] pg/mL), and NfL (28.39 [19.5] pg/mL)

(all p< 0.001).

3.2 Correlations of plasma p-tau217, p-tau181,
and NfL with clinical diagnosis and MMSE at baseline

Characteristics of participants with different baseline clinical diag-

noses were presented in Table S1. As depicted in Figure 1A-C,

participants with aMCI-MD at baseline had significantly higher p-

tau217 concentrations than those with CU and other MCI subtypes

(all p < 0.05). The p-tau217 concentrations increased stepwise from

CU, aMCI-SD to aMCI-MD. For p-tau181, CU participants had a signif-

icantly lower concentration than those with aMCI-SD and aMCI-MD

(both p < 0.05). However, we only found a significantly lower NfL

concentration in CU participants, comparing to aMCI-SD (p < 0.001).

Baseline p-tau217 (β [95% confidence interval, CI] = −0.94 [−1.36,

−0.51], p< 0.001), p-tau181 (β=−0.79 [−1.23,−0.35], p< 0.001), and

NfL (β = −1.47 [−1.90, - 1.04], p < 0.001) were negatively correlated

withMMSE score (Figure 1D-F).

3.3 Associations of plasma p-tau217, p-tau181,
NfL with cognitive decline and incident dementia

As shown in Figure 2, baseline p-tau217 (β = 0.54 [0.34, 0.75],

p < 0.001), p-tau181 (β = 0.33 [0.12, 0.53], p < 0.01), and NfL

(β = 0.54 [0.31, 0.77], p < 0.001) showed positive correlations with

annualMMSEdecline (Figure2A-C). Participantswith thehighest log10

quartile concentration (Q4) of plasma p-tau217 (≥ 0.43 pg/mL), p-

tau181 (≥2.49pg/mL), andNfL (≥20.89pg/mL) presented significantly

steeper cognitive trajectories than those with Q1, Q2, and Q3 lev-

els (all p < 0.01). Participants with the Q3 concentration of p-tau217

(≥ 0.31 and < 0.43 pg/mL), p-tau181 (≥ 1.90 and < 2.49 pg/mL), and

NfL (≥ 15.49 and < 20.89 pg/mL) also demonstrated faster cogni-

tive deterioration than those with Q1 levels (all p < 0.01). Significant

differences of the MMSE declining rate were also found between par-

ticipants with Q3 and Q2 (≥ 11.75 and < 15.49 pg/mL) concentrations

of NfL (p< 0.05), and those with Q2 andQ1 (< 11.75 pg/mL) (p< 0.01)

(Figure 2D-F).

Significant differences of cumulative incident dementia/AD rates

were observed among four quartiles of concentrations in baseline p-

tau217, p-tau181, and NfL (log-rank tests, all p < 0.001). Multivariate

Cox regression analyses (adjusted for age, sex, education year, and

APOE ε4) showed that participants with Q4 concentrations of base-

line p-tau217 (HR [95% CI] = 2.91 [1.60, 5.28], p < 0.001), p-tau181

(HR = 2.50 [1.46, 4.30], p < 0.001), and NfL (HR = 2.51 [1.26, 4.99],

p< 0.01) had significantly higher risks of incident dementia than those

with Q1 concentrations of the three biomarkers (Figure 3A-C). The p-

tau217 at Q3 and Q4 levels showed three- and six-times higher risks

of incident AD than the Q1 level (Q3, HR = 3.03 [1.15, 7.98], p < 0.05;

Q4, HR = 6.03 [2.36, 15.4], p < 0.001). However, p-tau181 (HR = 2.66

[1.38, 5.11], p < 0.01) and NfL (HR = 2.50 [1.07, 5.84], p < 0.05)

exhibited significantly higher risks of incident AD only at the Q4 level

(Figure 3D-F).

3.4 Values of plasma p-tau217, p-tau181, NfL in
differentiating Aβ pathology at follow-up

At the follow-up, 71 participants volunteered to the Aβ PET scan-

ning. Although their clinical diagnoses were all dementia-free, Aβ+
were found in 10 (14.1%) participants. The characteristics of these par-

ticipants were presented at Table S2. Notably, Aβ+ participants had

significantly higher p-tau217 and p-tau181 concentrations at baseline,

comparing to Aβ- participants (Figure 4A-C).
As shown in Figure 4, only baseline p-tau217 showed a strong cor-

relation with follow-up neocortical Aβ SUVR (r [95% CI] = 0.57 [0.30,

0.76], p < 0.001) (Figure 4D-F). Both baseline p-tau217 (AUC [95%

CI]= 0.821 [0.703, 0.940]) and p-tau181 (AUC= 0.813 [0.694, 0.932])

presented high values distinguishing Aβ+ individuals from Aβ- indi-
viduals at follow-ups (p-tau217 vs. p-tau181, pcomparison > 0.05). The

p-tau217performed significantly better thanNfL (AUC=0.621 [0.413,

0.829]) indifferentiatingAβ+ fromAβ- at follow-ups (pcomparison <0.01)

(Figure 4G). Voxel-wise association analysis demonstrated that base-

line p-tau217 was associated with Aβ deposition in clusters located in

the right median cingulate and paracingulate gyri, left precuneus, and

left orbital middle frontal gyrus (Figure 4H, Table S3), while p-tau181

was associated with Aβ deposition in clusters located in the right

median cingulate and paracingulate gyri, right middle frontal gyrus,

right inferior parietal gyrus, and right precuneus (Figure 4H, Table

4). No statistically significant association was found between baseline

plasmaNfL and Aβ deposition at the voxel scale.

4 DISCUSSION

In this community-based cohort study, we found higher baseline

plasma p-tau217, ptau181, and NfL were associated with longitudi-

nal cognitive decline, progressing to incident dementia and AD during

the 10-year follow-up. Comparing to p-tau181 and NfL, p-tau217 was

associated with a significantly higher risk of incident AD at a rela-

tively lower level (greater than or equal to 0.31 pg/mL). Dementia-free
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(B)

(C) (F)

(E)

(D)(A)

F IGURE 1 Plasma p-tau217, p-tau181, andNfL in different diagnostic groups at baseline, and the correlations with baselineMMSE. In (A–C),
ANCOVA and post hoc tests based on estimatedmarginal means (Bonferroni method for adjustingmultiple comparisons) were used to test the
difference of plasma biomarkers among baseline diagnostic groups after adjusting for age, sex, years of education, and APOE ε4. *p< 0.05,
**p< 0.01, and ***p< 0.001. In (D–F), the βwith the 95% confidence interval from the univariate linear regressionmodel indicated the association
between baseline biomarkers and baselineMMSE. aMCI-MD, amnestic mild cognitive impairment-multiple domains; aMCI-SD, amnestic mild
cognitive impairment-single domain; ANCOVA, analysis of covariance; APOE, apolipoprotein E; CI, confidence interval; CU, cognitively
unimpaired;MMSE,Mini-Mental State Examination; naMCI-MD, non-amnestic mild cognitive impairment-multiple domains; naMCI-SD,
non-amnestic mild cognitive impairment-single domain; NfL, neurofilament light chain.
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(A)

(B)

(C) (F)

(E)

(D)

F IGURE 2 Correlations of baseline plasma biomarkers and longitudinalMMSE trajectory. In (A–C), multivariate linear regressionmodel with β
was used to assess the association between baseline plasma biomarkers andMMSE declining rate adjusting for age, sex, years of education, and
APOE ε4. In (D–F), linear mixed-effects model was used to fit the association between follow-up time×quartered biomarker levels andMMSEwith
individualized random intercept and fixed slope, adjusting for age, sex, year of education, and APOE ε4. The slopes ofMMSE decline among four
levels were compared. *p< 0.05, **p< 0.01, and ***p< 0.001. The p-tau217Q1,< 0.24 pg/mL; Q2,≥ 0.24 and< 0.31 pg/mL; Q3,≥ 0.31 and< 0.43
pg/mL; Q4,≥ 0.43 pg/mL. The p-tau181Q1,< 1.47 pg/mL; Q2,≥ 1.47, and< 1.90 pg/mL; Q3,≥ 1.90 and< 2.49 pg/mL; Q4,≥ 2.49 pg/mL. NfL
Q1,< 11.75 pg/mL; Q2,≥ 11.75 and< 15.49 pg/mL; Q3,≥ 15.49 and< 20.89 pg/mL; Q4,≥ 20.89 pg/mL. APOE, apolipoprotein E; CI, confidence
interval; MMSE,Mini-Mental State Examination; NfL, neurofilament light chain.

participants with Aβ+ at follow-up had significantly higher p-tau217

and p-tau181 levels as early as a decade ago compared to those

with Aβ-. In addition, baseline p-tau217 showed a strong corre-

lation with neocortical Aβ deposition in areas that were early

affected and had a high distinguishable value of future amyloid

status.

The SAS provided a unique opportunity to explore the predictive

values of blood biomarkers for 10-year-later incident dementia/AD

and brain amyloidosis in the community older adults without demen-

tia. Another strength of this study is that we verified the predictive

value of the up-to-date ALZpath p-tau217, and had a head-to-head

comparison with previously available Simoa p-tau181 and NfL in a
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(A) (B) (C)

(E) (F)(D)

F IGURE 3 Associations of plasma p-tau217, p-tau181, NfL, and incident dementia/AD. In themultivariate Cox regressionmodel, age, sex,
education year, and APOE ε4were adjusted. The linear trendwas tested by entering themedian value of each quartile of biomarker concentration
as a continuous variable in the Cox regressionmodel. *p< 0.05, **p< 0.01, and ***p< 0.001. The p-tau217Q1,< 0.24 pg/mL; Q2,≥ 0.24 and< 0.31
pg/mL; Q3,≥ 0.31 and< 0.43 pg/mL; Q4,≥ 0.43 pg/mL. The p-tau181Q1,< 1.47 pg/mL; Q2,≥ 1.47, and< 1.90 pg/mL; Q3,≥ 1.90 and< 2.49
pg/mL; Q4,≥ 2.49 pg/mL. NfL Q1,< 11.75 pg/mL; Q2,≥ 11.75 and< 15.49 pg/mL; Q3,≥ 15.49 and< 20.89 pg/mL; Q4,≥ 20.89 pg/mL. AD,
Alzheimer’s disease; CI, confidence interval; HR, hazard ratio; NfL, neurofilament light chain.

longitudinal cohort. Furthermore, all biomarkers were tested in fasting

blood samples,which couldeliminate the influenceof the food intake.38

Last, it was one of the few studies with a longitudinal study design

exploring the predictive value of blood biomarkers among the Chinese

population living in a LMIC.

In the current study, plasma p-tau217 demonstrated a better dis-

criminative ability among MCI subgroups and CU than p-tau181 and

NfL, which has seldomly been reported. Notably, participants with

aMCI-MD had higher p-tau217 concentrations than aMCI-SD. Since

individuals with aMCI-MDwere more likely to progress to AD demen-

tia than those with aMCI-SD,39 p-tau217 might better reflect the

insidious AD pathology than p-tau181.

Previously, few population-based cohort studies in high-income

countries reported the associations of blood biomarkerswith cognitive



XIAO ET AL. 9 of 12

(A) (D)
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F IGURE 4 Plasma p-tau217, p-tau181, NfL, and follow-up Aβ-PET. (A)–(C) showed the concentrations of 10-year-ago baseline plasma
biomarkers in Aβ negative vs. Aβ positive. (D)-(F) demonstrated the association between baseline plasma biomarkers and neocortical Aβ SUVR.
Pearson’s correlation (r) with 95%CI was indicated accordingly. (G) Presented the predictive value of baseline biomarkers for follow-up Aβ
positive. (H) Illustrated the voxel-wise association of baseline plasma biomarkers with Aβ PET. Colored regions were statistically significant with
uncorrected p< 0.001with a cluster size of k> 100 voxels. *p< 0.05, **p< 0.01, and ***p< 0.001. Aβ, amyloid-beta; AUC, area under the curve; CI,
confidence interval; NfL, neurofilament light chain; PET, positron emission tomography; PPV, positive predictive value; NPV, negative predictive
value; SUVR, standardized uptake value ratio.

decline and clinical progression. The Rotterdam study in the Nether-

land revealed that higher baseline plasma NfL at the Q4 concentration

was associatedwith a higher risk of all-cause dementia (HR= 2.70) and

AD (HR = 3.28).9 The multicenter BALTAZAR study in France found

that the third tertile of plasma p-tau181 was associated with a sig-

nificantly higher risk of converting to AD dementia compared with

the first tertile (HR = 3.8).10 In another study targeting Aβ+ CU par-

ticipants from the Swedish BioFINDER-1 and the Wisconsin Registry

for Alzheimer Prevention cohorts, plasma p-tau217 showed the best

value predicting cognitive decline and the conversion toAD, comparing

to p-tau181, NfL, p-tau231, and GFAP.6 Also, p-tau217 and p-tau181

were associated with follow-up AD diagnosis in non-demented par-

ticipants selected from the WHICAP study in United States.16 In our

study, we found baseline p-tau217, p-tau181, and NfL were similarly

associated with faster cognitive decline and higher risk of incident

dementia. Specifically, we found NfL, a marker reflecting the general

neurodegeneration,40 showed a better value distinguishing diverse

cognitive trajectories in four quartiles, which implied that the change

of this markermay bemore parallel with the change of cognition. How-

ever, when it comes toADdementia, p-tau217 outperformed the other

twomarkers, as theHR (3.03) reached statistical significance at theQ3

level (≥ 0.31 and< 0.43 pg/mL) and achieved the highest (HR= 6.03) at

theQ4 level (≥ 0.43 pg/mL).

Previous studies found plasma p-tau217 and p-tau181 were associ-

ated with amyloid PET,16,36,41–44 and could distinguish Aβ+ from Aβ-
,11,14,16,23,36,45–48 which implied that plasma p-tau reflected the brain

amyloid pathology. Comparing to plasma p-tau181, p-tau217 could

more accurately distinguish Aβ+ from Aβ- in community residents in

the MCSA.23 Plasma p-tau217, but not p-tau181 or NfL, increased

faster inAβ+ versusAβ- individuals inCUandMCI participants.49 Also,

plasma p-tau217 increased in individuals with preclinical ADwhen the

Aβ burdenwas low and had the strongest associationwith Aβ signals in
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regions with early accumulating compared with p-tau181 and NfL.36

Autopsy studies demonstrated that plasma p-tau217 and p-tau181

could predict postmortemAD,16 and p-tau181 has increased as early as

ten years prior to the death in individuals with intermediate or severe

AD pathology.4 Our results also found that only plasma p-tau217 had

a significant correlation with early neocortical Aβ accumulation and

coulddifferentiateAβ+ fromAβ- individuals at thedementia-free stage

with high precision and sensitivity,which is in favor p-tau217maybe an

early indicator of brain amyloidosis.

The National Institute on Aging and the Alzheimer’s Association

proposed the revised clinical guidelines for AD at the Alzheimer’s

Association International Conference 2023, and stated that the bio-

logical diagnosis of AD is projected to revolutionize the clinical care

due to the generally accessible of blood biomarkers. It also highlighted

that blood biomarkers need to be verified in diverse and more repre-

sentative cohorts.50 In the current study, we provided evidence that

plasmap-tau217might be anearly screeningmarker for future amyloid

pathology and incident AD in community settings, while plasma NfL

may be more suitable for predicting general cognitive decline and inci-

dent dementia. High-risk individuals who were screened out by blood

biomarkers in community settings may be transferred to secondary

or tertiary hospitals for further consultations, neurological examina-

tions, and disease-modifying therapies. More population-based cohort

studies should be conducted to further verify the robustness of

blood biomarkers, especially in LMICs with diverse ethnicities and

social backgrounds. Recently, one study proposed a two-step work-

flow incorporating plasma p-tau217 to detect Aβ+ in memory-clinic

MCI participants, which showed great performance.51 Whether it

could be generalized towider populations includingCU individuals also

deserves further validating.

One limitation of this study was that the diagnosis of AD was

based on the clinical diagnostic criteria without the pathological con-

firmation. We can only infer which of the individuals who eventually

developed dementia actually had underlying AD. Usually, it’s very

difficult for large-sampled community-based studies, such as the Rot-

terdam study9 and the Monongahela-Youghiogheny Healthy Aging

Team (MYHAT) cohort study5 to obtain CSF or Aβ PET due to the

invasiveness or high costs, because most of the community-dwelling

individuals do not have cognitive concerns. Second, the number of par-

ticipants who underwent Aβ PET was relatively small because of the

low response rate from the community setting. Within such a small

subgroup, we found that p-tau217 could differentiate Aβ+ from Aβ-
individuals at the dementia-free stage. Studies with a larger sample

size were needed to further verify the superiority of this marker. Third,

individuals participated the follow-up interviews were younger (70.8

[7.6] vs. 72.8 [8.3], p < 0.001), and had the better cognitive func-

tion at baseline (MMSE score: 28.2 [2.0] vs. 27.8 [2.4], p < 0.001;

MCI prevalence: 17.1% vs. 24.8%, p < 0.001) comparing to those who

were lost-to follow-up. This selection bias may lead to the under-

estimation of the incidence of dementia/AD. Fourth, the follow-up

interviews of SAS were not conducted regularly, thus the follow-up

time may not reflect the exact time of dementia/AD onset. Some inci-

dent cases before 10 yearswere detected later, whichmade a dramatic

increase of dementia/AD incidence in the Kaplan-Meier curves. Last,

besides Aβ, tau protein is another core pathology of AD. Previous

studies found that CSF and blood p-tau species were more related

to Aβ than tau accumulation.22,41,43 However, among CU participants,

plasma p-tau217 measured by the Meso Scale Discovery method

might more accurately reflect the entorhinal cortex tau PET than

Simoa p-tau181.41 More studies are needed to verify whether Simoa

p-tau217 was a better indicator of tau pathology than other p-tau

species.

In conclusion, plasma p-tau217, p-tau181, and NfL may be accessi-

ble predictive biomarkers for incident dementia in general population.

Specifically, plasma p-tau217 may be an ultra-early predictor of amy-

loid pathology and incident AD in older individuals in the real world.
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