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Background: Plasma phosphorylated tau at threonine 217 (p-tau217) measured with an ultrasensitive immunoas- 

say method has been demonstrated to be an optimal biomarker for Alzheimer’s disease (AD). 

Objectives: The aim of this study was to establish the reference interval for plasma p-tau217 in Chinese individuals 

and evaluate its diagnostic value in symptomatic AD. 

Design, setting, participants: We recruited 150 cognitively unimpaired (CU) individuals, 60 patients with AD 

dementia, 30 patients with mild cognitive impairment (MCI) due to AD, 40 patients with frontotemporal lobar 

degeneration (FTLD), and 70 patients with subcortical ischaemic vascular dementia (SIVD). 

Measurements: The concentrations of plasma p-tau217, total tau, amyloid-beta (A 𝛽)42 and A 𝛽40 were measured 

with a single-molecule array. 

Results: Plasma p-tau217 outperformed other biomarkers in discriminating AD patients from CU controls, FTLD 

patients, and SIVD patients (AUC = 0.983, 0.936, 0.892) and discriminating MCI patients from CU controls 

(AUC = 0.943). The plasma p-tau217 level was negatively correlated with memory in patients with symptomatic 

AD. 

Conclusion: The diagnostic accuracy of plasma p-tau217 was exceptional for AD, even at early stages, in the 

Chinese population. 
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. Introduction 

The increasing prevalence of Alzheimer’s disease (AD), which is ex-

ected to affect more than 100 million people by 2050 [ 1 ], is becoming

 major global challenge and a serious threat to society and health care

nstitutions. Since disease-modifying therapies (DMTs) were recently de-

eloped, early and accurate diagnosis has become a priority for patients

ith AD [2] . Amyloid-beta (A 𝛽) and tau in cerebrospinal fluid (CSF)

nd measured with positron emission tomography (PET) imaging, re-

ect the core pathology of AD and are widely recognized diagnostic

iomarkers. However, these measurements are either invasive or expen-

ive and inaccessible, particularly for patients in developing countries

 3 ]. In many recent studies, blood-based biomarkers were shown to have

igh potential in the screening, early diagnosis, tracking progress and,

ltimately, monitoring of the effectiveness of AD treatment in affected

atients [ 4 , 5 ]. 
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Plasma A 𝛽 peptides and different subtypes of phosphorylated tau

rotein (p-tau) are of significant interest in AD research, and their ac-

uracy in detecting the pathophysiology of AD is high [ 6–10 ]. Com-

ared with that of other plasma biomarkers, such as A 𝛽, t-tau and

eurofilament light chain (NfL), the performance of plasma p-tau pro-

ein, which is usually measured with ultrasensitive immunoassays, e.g.,

ingle-molecule array (Simoa) and electrochemiluminescence (Eli Lilly

nd Company), is better in identifying patients with AD whose diagnosis

s supported by CSF or PET biomarkers or postmortem findings) [ 11–

3 ]. Increased levels of plasma p-tau correlate with hallmark patholo-

ies of AD, including A 𝛽 deposition and neurofibrillary tangles, as mea-

ured either in postmortem brain tissue [ 14 , 15 ] or in vivo with PET

 16 ]. 

Among the various p-tau proteins, tau phosphorylated at threonine

17 (p-tau217) has demonstrated the greatest potential for distinguish-

ng AD patients from patients with other neurodegenerative disorders
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nd detecting AD pathology at the mild cognitive impairment (MCI)

tage [ 8 , 17 ]. Notably, p-tau217 exhibited superior diagnostic accuracy

ompared with p-tau181, p-tau231 and NfL, with areas under the curve

AUCs) exceeding 0.90 [ 15 , 18 ]. Plasma p-tau217 alone or in combi-

ation with demographic variables (age, sex, and APOE status) out-

erformed other plasma biomarkers, such as p-tau181, p-tau231, the

 𝛽42/40 ratio, glial fibrillary acidic protein (GFAP), NfL, and their opti-

al combinations, for predicting both amyloid and tau status(13). More-

ver, compared with these biomarkers, p-tau217 longitudinally exhib-

ted significant amyloid-dependent changes over time in both the pre-

linical and symptomatic stages of AD and was associated with clinical

eterioration and brain atrophy in the preclinical stage of AD(4). 

The Simoa method, characterized by exceptional sensitivity and pre-

ision, can accurately quantify trace plasma biomarkers. However, the

iagnostic value and cut-off point of plasma p-tau217 measured with

imoa have not been validated in a Chinese population. Hence, the aim

f this study was to 1) establish the reference intervals (RIs) of plasma

iomarkers, particularly p-tau217, in a Chinese population with a wide

ge range; 2) determine the diagnostic performance of plasma p-tau217

nd other biomarkers, including A 𝛽40, A 𝛽42, and t-tau, in the AD con-

inuum from MCI to dementia and their value in differentiating AD from

ther common types of dementia; and 3) analyse the correlation be-

ween plasma biomarkers and cognitive function in patients with the

D continuum. 

. Methods 

.1. Study population 

All patients, including 60 with AD dementia, 30 with MCI due to

D, 40 with frontotemporal lobar degeneration (FTLD), and 70 with

ubcortical ischaemic vascular dementia (SIVD), were recruited from

he Memory Clinic of Tianjin Medical University General Hospital and

ere diagnosed by dementia specialists according to specific diagnostic

riteria; all patients were aged 42–84 years. Specifically, patients with

CI due to AD met the National Institute on Ageing and the Alzheimer ̓s

ssociation (NIA-AA) criteria (2011) [ 19 ] and the International Work-

ng Group (IWG)-2 criteria [ 20 ] and had positive A 𝛽 PET results, a Mini-

ental State Examination (MMSE) score of 20-30 and a Clinical Demen-

ia Rating (CDR) scale score of 0.5 [ 21 ]. Patients with dementia met the

iagnostic criteria for major neurocognitive disorder according to the

fth edition of the Diagnostic and Statistical Manual of Mental Disorders

DSM-5), with an MMSE score of 10–26 and a CDR scale score of 1–2.

D patients met the IWG-2 criteria [ 19 , 20 ] and had positive A 𝛽 PET

esults, FTLD patients met the revised Frontotemporal Dementia Con-

ensus criteria for behavioural variant frontotemporal dementia [ 22 ] or

he classification recommendations for semantic variants or nonfluent

ariants of primary progressive aphasia [ 23 ], and SIVD patients met the

iagnostic criteria for vascular dementia according to the International

ociety of Vascular Behavioural and Cognitive Disorders [ 24 ]. 

One hundred and fifty cognitively unimpaired (CU) healthy individ-

als who had no complaints of subjective cognitive decline and normal

eurological or neuropsychological examination results were recruited

rom our centre located in North China and from two other centres

ocated in Southeast China (Hainan General Hospital) and Southwest

hina (The Affiliated Hospital of Guizhou Medical University). CU indi-

iduals had MMSE scores > 26, CDR scale scores of 0, and ages ranging

rom 21 to 85 years. Sixty CU individuals who were enrolled from our

entre and age- and sex-matched with AD patients were classified as

U controls (CUCs) in the analysis of group differences and diagnostic

erformance for AD. 

The exclusion criteria for both patients and CU healthy indi-

iduals included active substance abuse, alcohol abuse, recent head

rauma, recent major surgery, tumour, multiple sclerosis, hydro-

ephalus, schizophrenia, thyroid dysfunction, vitamin B12 deficiency,

enal function abnormality, syphilis or HIV infection, severe depression,
2

r visual/auditory disability. Patients who received DMTs or who were

articipating in clinical trials were also excluded. The study was ap-

roved by the Medical Research Ethics Committee at Tianjin Medical

niversity General Hospital. All participants provided written informed

onsent at the time of recruitment. 

.2. Neuropsychological assessment 

Neuropsychological assessment was conducted within one week be-

ore or after blood sample collection. In addition to the MMSE, CUCs and

atients with cognitive impairment underwent a comprehensive cogni-

ive assessment, including the Auditory Verbal Learning Test (AVLT),

rief Visuospatial Memory Test-Revised (BVMT-R), Verbal Fluency Test

VFT), Boston Naming Test (BNT), Controlled Oral Word Association

est (COWAT), Symbol Digit Modifications Test (SDMT), Stroop Colour

nd Word Test, Trail Making Test-A (TMT-A) and TMT-B, and Benton

udgement of Line Orientation (JLO), as previously described [ 25 , 26 ].

ix patients with AD only completed the MMSE and refused further cog-

itive assessment. 

Z scores for all tests were calculated by utilizing the means and stan-

ard deviations of all the CUCs included in this study. The z scores of

he TMT ‐A and TMT ‐B were then multiplied by –1 to be consistent with

he other tests, in which a higher score indicated better performance.

he following five main cognitive domains were assessed: (1) memory

omposite, represented by the average z score of total learning, delayed

ecall and recognition on the AVLT and the BVMT-R;(2) attention and in-

ormation processing speed composite, calculated as the average z score

f the SDMT and the TMT-A;(3) executive function composite, deter-

ined by the average z score of the Stroop Colour and Word test and

he TMT-B;(4) language composite, indicated by the average z score of

he VFT, COWAT and BNT; and (5) visuospatial function, represented

y the z score of the JLO. 

.3. Plasma biomarker quantification 

Blood was collected in EDTA tubes in the morning after the par-

icipants had fasted and subsequently centrifuged within 2 h after ex-

raction (2500 rpm × 15 min, 4 °C). The plasma was then aliquoted

nto polypropylene tubes and stored at − 80 °C until analysis. All the

amples were centrifuged (12,000 rpm × 5 min, 4 °C) again before test-

ng. Biomarker concentrations were quantified by means of the Simoa

nzyme-linked immunoassay HD-X platform from Quanterix (Billerica,

A) following the manufacturer’s protocol [ 13 ]. Plasma p-tau217 was

etected by means an ALZpath Simoa p-tau217 v2 EQC Kit (Quanterix,

04372). Plasma A 𝛽42, A 𝛽40 and t-tau levels were measured by means

f the Neurology 3-Plex Assay A Kit (Quanterix, 503203). 

.4. Statistical analysis 

Statistical analyses were performed with SPSS 26.0, GraphPad Prism

ersion 8.0 software and R statistical software version 4.3.0. The data

re presented as the means and standard deviations (SDs) for continu-

us variables. Demographic characteristics (continuous variables) were

ompared by means of one ‐way analysis of variance (ANOVA) and sub-

equent post hoc testing, and the chi-square test was used for between-

roup comparisons of sex distribution. The RIs were calculated accord-

ng to the Clinical and Laboratory Standards Institute (CLSI) guidelines

 27 ]. The lower and upper limits were defined as the means ± 2 × SDs.

Analysis of covariance (ANCOVA) and post hoc tests on the basis of

stimated marginal means (Bonferroni method for adjusting for multi-

le comparisons) were used for between-group comparisons of plasma

iomarker levels and neuropsychological scores after adjusting for age,

ex, and years of education. Receiver operating characteristic (ROC)

urves were used to examine the discriminative performance of plasma

iomarkers between AD patients and CUCs and between AD patients and
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Table 1 

Demographics and biomarker concentrations of all participants. 

Variable 

Diagnostic groups 

CU ( N = 150) CUC ( N = 60) MCI ( N = 30) AD ( N = 60) SIVD ( N = 70) FTLD ( N = 40) p Value 

Sex, F/M 87/63 37/23 19/11 39/21 43/27 24/16 0.988 

Age, y 49.54 ± 17.04 65.25 ± 7.37 67.77 ± 6.51 64.52 ± 8.55 67.29 ± 10.28 65.17 ± 7.61 0.237 

Age range, y 21–85 51–85 50–82 42–82 42–84 44–76 / 

Education, y 14.29 (3.66) 12.00 (3.16) 11.8 (3.23) 10.95 (3.91) 10.89 (3.10) 10.95 (3.67) 0.270 

P-tau217 (pg/mL) 0.24 (0.12) 0.28 (0.17) 1.07 (0.49) a 1.50 (0.68) a , b 0.56 (0.40) a , b , c 0.41 (0.39) b , c < 0.001 

T-tau (pg/mL) 3.07 (1.19) 3.37 (1.18) 3.36 (1.42) 3.63 (1.64) 3.41 (1.52) 3.41 (1.42) 0.862 

A 𝛽42 (pg/mL) 7.96 (2.03) 8.10 (2.33) 6.99 (1.73) a 6.56 (2.45) a 7.47 (2.80) c 9.39 (1.91) a , b , c , d < 0.001 

A 𝛽40 (pg/mL) 194.69 (44.66) 201.74 (47.12) 218.66 (62.48) 220.99 (62.91) 213.55 (80.65) 237.08 (52.74) a 0.100 

A 𝛽42/A 𝛽40 0.04 (0.01) 0.04 (0.01) 0.03 (0.01) a 0.03 (0.01) a 0.04 (0.01) a , c 0.04 (0.01) b , c , d < 0.001 

The data are presented as the mean (SD) unless otherwise indicated. 

Statistical analysis was conducted using one ‐way analysis of variance (ANOVA) for age and education, chi-square test for sex distribution, and analysis of covariance 

(ANCOVA) for plasma biomarkers controlling for age, sex, and years of education between the five diagnostic groups, including the CUC, MCI, AD, SIVD and FTLD 

groups. 
a , vs. CUC, p < 0.05 
b , vs. MCI, p < 0.05. 
c , vs. AD, p < 0.05. 
d , vs. SIVD p < 0.05. 

Abbreviations: AD, Alzheimer’s disease; CU, cognitively unimpaired; CUC, cognitively unimpaired control; SIVD, subcortical ischemic vascular dementia; MCI, 

mild cognitive impairment; FTLD, frontotemporal lobar degeneration; MMSE, Mini-Mental State Examination; A 𝛽, amyloid-beta; p-tau217, tau phosphorylated at 

threonine-217; t-tau, total tau. 
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Fig. 1. Reference interval of plasma p-tau217. The shaded regions indicate the 

reference interval with upper and lower limits. CU, cognitively unimpaired in- 

dividuals; MCI, mild cognitive impairment; AD, Alzheimer’s disease. 
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0

atients with other types of dementia. The AUC, cut-off point, and asso-

iated sensitivity and specificity were calculated. Differences between

UC values were tested with the Delong test. Pearson and partial cor-

elation analyses were conducted to explore the relationship between

lasma p-tau217 levels and cognitive function. p < 0.05 indicated sta-

istically significant differences. 

. Results 

.1. Demographics and clinical information 

The demographic and clinical features of all participants are pre-

ented in Table 1 . There were no significant differences in sex, age, or

ears of education among the CUC, MCI, AD, FTLD and SIVD groups. 

.2. Reference intervals 

In total, 240 specimens obtained from participants, including CUs

 n = 150), patients with MCI ( n = 30) and patients with AD ( n = 60),

ere analysed to establish RIs for plasma biomarkers. The RIs in this

tudy were 0.006 to 0.47 pg/mL for plasma p-tau217 ( Fig. 1 ), 1.320 to

.678 pg/mL for t-tau, 3.91 to 12.0 pg/mL for A 𝛽42, 106 to 284 pg/mL

or A 𝛽40, and 0.025 to 0.057 for the A 𝛽42/40 ratio. 

.3. Differences in plasma biomarker levels between groups 

The plasma p-tau217 level significantly differed across the groups

 Fig. 2 ). Subsequent post hoc testing revealed that the plasma p-

au217 level was significantly higher in the AD group and the MCI

roup than in the CUC group and the other two patient groups (all

 < 0.001) and that these levels were higher in the AD group than in

he MCI group ( p < 0.001). Additionally, compared with that in the

UC group, the plasma p-tau217 level in the SIVD group was increased

 p < 0.001). 

The A 𝛽42/A 𝛽40 ratio was significantly lower in the AD group

nd the MCI group than in the CUC group (vs. AD, p < 0.001; vs.

CI, p < 0.001) and the FTLD group (vs. AD, p < 0.001; vs. MCI,

 < 0.001), significantly lower in the AD group than in the SIVD group

 p = 0.005), and significantly lower in the SIVD group than in the

TLD group ( p = 0.002) and the CUC group ( p = 0.002). With re-
3

pect to the plasma A 𝛽42 concentration, group differences similar to

hose for the A 𝛽42/A 𝛽40 ratio were evident, and the concentration was

igher in the FTLD group than in the CUC group ( p = 0.008). Fur-

hermore, the concentration of plasma A 𝛽40 was higher in the FTLD

roup than in the CUC group ( p = 0.007) but did not significantly

iffer among the other groups ( p > 0.05). With respect to plasma

-tau levels, there were no significant differences among the groups

 p = 0.862). 

.4. Diagnostic and differential performance of plasma biomarkers 

The ROC curves for each biomarker as a function of diagnostic sta-

us were generated ( Fig. 3 ) and revealed that plasma p-tau217 had

he best diagnostic classification performance in distinguishing AD pa-

ients from CUCs (AUC = 0.983, 95 % confidence interval [CI] 0.941–

.998, p < 0.001), FTLD patients (AUC = 0.936, 95 % CI 0.869–

.975, p < 0.001), and SIVD patients (AUC = 0.892, 95 % CI 0.825–
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Fig. 2. Plasma biomarker concentrations according to diagnosis. A. Plasma p-tau217 levels were increased in the AD group and the MCI group compared with those 

in the CUC group and the other two dementia groups, with much greater levels in the AD group than in the MCI group. B and C. The plasma A 𝛽42 concentration 

and A 𝛽42/A 𝛽40 ratio were lower in the AD group than in the CUC group and the other two dementia groups and lower in the MCI group than in the CUC and FTLD 

groups. D. There were no significant differences in plasma t-tau levels among the groups. E. Plasma A 𝛽40 levels did not differ between groups except for a higher 

level in the FTLD group than in the CUC group. ∗ p < 0.05, ∗ ∗ p < 0.01, ∗ ∗ ∗ p < 0.001. AD, Alzheimer’s disease; CUC, cognitively unimpaired control; SIVD, subcortical 

ischaemic vascular dementia; MCI, mild cognitive impairment; FTLD, frontotemporal lobar degeneration. 
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.939, p < 0.001). Moreover, the plasma A 𝛽42 concentration and

 𝛽42/A 𝛽40 ratio performed well in distinguishing AD patients from

UCs (AUC = 0.715, 95 % CI 0.625–0.793, p < 0.001; AUC = 0.760,

5 % CI 0.674–0.833, p < 0.001) and from FTLD patients (AUC = 0.842,

5 % CI 0.756–0.907, p < 0.001; AUC = 0.780, 95 % CI 0.686–0.857,

 < 0.001) but not from SIVD patients (AUC = 0.578; AUC = 0.644). The

ccuracy of plasma p-tau217 was also greater in identifying patients

ith MCI due to AD from CUCs (AUC = 0.943, 95% CI 0.873–0.981,

 < 0.001) than the plasma A 𝛽42/A 𝛽40 ratio was (AUC = 0.764, 95 %

I 0.662–0.847, p < 0.001; Delong test, p < 0.001). However, the diag-

ostic accuracy of both plasma t-tau and A 𝛽40, whose AUCs were less

han 0.70, was poor. 

.5. Cognitive correlations of plasma biomarkers in the AD continuum 

There were significant differences in the MMSE scores and z scores

or all five cognitive domains among the groups ( Table 2 ). In particular,

D patients had lower scores on the MMSE and on the memory, informa-

ion processing, executive function, language, and visuospatial function

omains than did CUCs (all p < 0.001) and MCI patients (all p < 0.01).

ompared with the CUC group, the MCI group had lower MMSE scores

nd z scores for memory, information processing, and executive function

all p < 0.001). 

The plasma p-tau217 level was negatively correlated with memory

 r = − 0.291, p = 0.007), information processing ( r = − 0.234, p = 0.033)

nd visuospatial function ( r = − 0.259, p = 0.017) in patients with AD

nd MCI ( Fig. 4 B, C, F). However, after adjustments were made for age,

ex, and education, only the correlation with the memory domain re-

ained significant ( r = − 0.218, p = 0.047). There was no significant

orrelation between cognitive function and plasma A 𝛽 biomarkers or

-tau. 
4

. Discussion 

In this study, the RIs of plasma biomarkers measured with Simoa,

articularly p-tau217, were established in a Chinese population. Addi-

ionally, plasma p-tau217 was significantly elevated in patients with

CI due to AD compared with CUCs and was further increased in

atients with AD dementia. Although there was also a difference in

lasma amyloid biomarkers such as A 𝛽42 and the A 𝛽42/A 𝛽40 ratio be-

ween AD patients and CUCs and patients with other types of dementia,

he diagnostic and differential accuracy of plasma p-tau217 was sig-

ificantly higher for AD than that of other plasma biomarkers. More-

ver, there were correlations between plasma p-tau217 levels and cog-

itive function, especially in the memory domain, in patients with AD

ontinuum. 

The establishment of RIs for biomarkers is crucial for the accurate

nterpretation of clinical laboratory test results and disease diagnosis.

linically, the RIs of p-tau217 could help to estimate whether dementia

yndromes are caused by abnormal A 𝛽 pathology. Patients with uncer-

ain plasma p-tau217 results are advised to undergo this confirmatory

est, and the necessity for advanced testing is determined by the initial

creening results and the patient’s clinical stage. In the present study,

he RI of plasma p-tau217 was established using CU healthy individuals

ith a wide age range (21 to 85 years old) and patients with AD con-

inuum, including those with MCI and dementia. For the RI of plasma

-tau217 (0.006 to 0.47 pg/mL) measured with Simoa, the lower limit

as lower than those (0.4 to 0.63 pg/mL) reported in a previous study

f Western cohorts[ 13 ]. One possibility for this difference is that the

ge range of the CU individuals in the present study was more diverse.

t is also possible that racial disparities might contribute to variations in

lasma biomarker levels, as one previous study revealed that the aver-

ge p-tau217 concentration was lower among non-Hispanic Blacks than
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Fig. 3. Diagnostic and differential accuracy of plasma biomarkers for AD and MCI patients. A. Plasma p-tau217 and A 𝛽42 levels and the A 𝛽42/A 𝛽40 ratio distin- 

guished AD patients from CUCs ( p < 0.001; p < 0.001; p < 0.001). B. Plasma p-tau217 and A 𝛽42 levels and the A 𝛽42/A 𝛽40 ratio distinguished AD patients from FTLD 

patients ( p < 0.001; p < 0.001; p < 0.001). C. Plasma p-tau217 distinguished AD patients from SIVD patients ( p < 0.001). D. Plasma p-tau217 and the A 𝛽42/A 𝛽40 ratio 

distinguished MCI patients from CUCs ( p < 0.001; p < 0.001). AD, Alzheimer’s disease; CUC, cognitively unimpaired control; SIVD, subcortical ischaemic vascular 

dementia; MCI, mild cognitive impairment; FTLD, frontotemporal lobar degeneration. 

Table 2 

Cognitive scores of CUCs and dementia patients. 

CUC ( N = 60) MCI ( N = 30) AD ( N = 60) SIVD ( N = 70) FTLD ( N = 40) p Value 

MMSE 28.02 (1.40) 24.23 (3.04) a 16.47 (5.70) a , b 21.36 (4.29) a , b , c 19.13 (6.54) a , b , c , d < 0.001 

Memory 1.17 (0.87) − 1.83 (0.96) a − 2.41 (0.56) a , b − 1.90 (0.82) a , c − 2.04 (1.51) a , c < 0.001 

Processing speed − 0.32 (0.79) − 1.54 (0.99) a − 2.56 (1.31) a , b − 2.24 (1.08) a , b − 1.99 (1.40) a , c < 0.001 

Executive function − 0.33 (0.81) − 1.60 (1.14) a − 2.28 (0.89) a , b − 1.48 (1.17) a , b − 1.71 (1.16) a , c , d < 0.001 

Language − 0.30 (0.49) − 0.61 (0.92) − 1.59 (0.75) a , b − 1.55 (0.72) a , b − 2.31 (1.04) a , b , c , d < 0.001 

Visuospatial function − 0.14 (0.99) − 0.83 (1.30) − 2.99 (2.25) a , b − 1.84 (1.97) a , b , c − 1.03 (1.68) a , c , d < 0.001 

The data are expressed as the means (SDs). MMSE scores are presented as raw scores, and cognitive domain scores are presented as z scores. Statistical analysis was 

conducted using analysis of covariance (ANCOVA) while controlling for age, sex, and years of education. Six patients with AD underwent only the MMSE and refused 

further cognitive assessment. 
a , vs. CUC, p < 0.05. 
b , vs. MCI, p < 0.05. 
c , vs. AD, p < 0.05. 
d , vs. SIVD, p < 0.05. 

Abbreviations: AD, Alzheimer’s disease; CUC, cognitively unimpaired control; SIVD, subcortical ischemic vascular dementia; MCI, mild cognitive impairment; FTLD, 

frontotemporal lobar degeneration; MMSE, Mini-Mental State Examination. 
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Fig. 4. Correlations between the plasma p-tau217 concentration and cognitive function in patients with AD continuum. Pearson correlation analysis was conducted 

without adjustment for age, sex, or years of education. MMSE, Mini-Mental State Examination. 
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t  
mong non-Hispanic Whites [ 28 ]. In addition, the RIs of A 𝛽42, A 𝛽40 and

-tau established in this study differed slightly from previous findings in

 Chinese cohort (A 𝛽42 ranged from 2.72 to 11.09 pg/mL; A 𝛽40 ranged

rom 61.4 to 303.9 pg/mL; and t-tau ranged from 0.20 to 3.12 pg/mL)

 27 ], which was based only on middle-aged to elderly CU individuals

50 to 89 years). 

The results of the present study revealed a significant increase in

he plasma level of p-tau217 and a reduction in the A 𝛽42/A 𝛽40 ra-

io among patients with AD compared with both CUCs and patients

ith other types of dementia. Consistently, plasma p-tau217 and the

 𝛽42/A 𝛽40 ratio detected by various methods are considered valuable

iomarkers associated with A 𝛽 pathology that support the clinical di-

gnosis of AD [ 6 , 7 , 29 ]. A significant association between the plasma

 𝛽42/A 𝛽40 ratio and incident AD and dementia has been demonstrated

n previous studies [ 30 ], supporting the hypothesis that AD results from

n imbalance between A 𝛽42 and A 𝛽40 peptides. Consistent with previ-

us findings [ 30 , 31 ], we did not observe differences in plasma A 𝛽40 or

-tau between patients with AD and either the CUCs or the patients with

ther types of dementia. CSF t-tau levels are significantly increased in

D patients, plasma t-tau levels change only slightly [ 32 ], and there is

o correlation between plasma and CSF t-tau levels [ 33 ]. Unlike p-tau,

onphosphorylated tau is produced in peripheral nerves or tissue [ 34 ],

nd it is estimated that only approximately 20 % of plasma t-tau comes

rom the central nervous system [ 35 ]. 

The plasma level of p-tau217 outperformed all other biomarkers

cross analyses, achieving an AUC of 0.983 overall when distinguishing

D patients from CUCs. Among the currently available plasma biomark-

rs, the p-tau217 concentration has been demonstrated to have the

trongest association with amyloid- and tau-PET positivity [ 35 ] and has

roven to be valuable in the clinical diagnosis of AD [ 36 ]. Moreover,

e found that plasma p-tau217 levels showed excellent diagnostic ac-

uracy in discriminating AD patients from FTLD patients, which is con-

istent with previous findings [ 15 , 18 ]. Taken together, these findings

howed that plasma p-tau217, a biomarker reflecting both amyloid and

au pathologies specific to AD, could be applied in a wide range of clini-

al practices, including both the identification and differentiation of AD

atients. 
6

However, SIVD patients also exhibited an increase in plasma p-

au217 and a decrease in the A 𝛽42/A 𝛽40 ratio compared with those in

he CUC group. This result suggested that AD pathology might be a co-

orbidity or contribute to the pathogenesis of SIVD. The accumulation

f A 𝛽 in brain tissue is attributable to reduced clearance, which depends

n stable cerebral blood flow [ 37 ]. Conversely, the deposition of A 𝛽 in

lood vessels has specific toxic effects, potentially leading to hypoper-

usion through the induction of vasoconstriction, elevation of vascular

esistance, and initiation of pericyte degeneration [ 38 , 39 ]. SIVD is a

ain subtype of vascular dementia that manifests as an insidious and

radual clinical progression similar to that of AD, and the prevalence is

igh in East Asia [ 40 ]. However, the comparison of plasma biomarkers

etween AD patients and SIVD patients has been the focus of only a few

tudies. Although plasma cyclophilin A (CyPA), placental growth factor

PlGF), and B-type natriuretic peptide (BNP) have been investigated as

otential biomarkers for differentiating AD from SIVD, their sensitivity

nd specificity are relatively low [ 41–43 ]. Our results suggest that the

evels of A 𝛽 and tau biomarkers should be interpreted cautiously when

ifferentiating AD patients from SIVD patients, although the discrimi-

ative performance of plasma p-tau217 is still good (AUC = 0.892). 

In the present study, individuals with MCI due to AD had higher

lasma p-tau217 levels than did in the CUC group and patients with

TLD or SIVD and had lower A 𝛽42 concentrations and A 𝛽42/A 𝛽40 ra-

ios than did those in the CUC group and those with FTLD. We fur-

her demonstrated that plasma p-tau217 outperformed A 𝛽 biomarkers,

chieving an AUC of 0.943, for discriminating prodromal AD patients

rom CUCs. These findings indicate that plasma p-tau217 might be el-

vated in the early stages of AD and may better reflect the insidious

nitial AD pathology, which is consistent with published data [ 44 ]. A

ombination of the plasma A 𝛽42/A 𝛽40 ratio and p-tau217 level could

e used to discriminate A 𝛽 status with relatively high accuracy, with

UCs ranging from 0.83 to 0.86, whereas the associations were strongest

etween p-tau217 and A 𝛽 pathology in MCI patients (AUCs 0.86–0.88)

 45 ]. Moreover, compared with those of other biomarkers, such as p-

au181, A 𝛽42/A 𝛽40, GFAP, and NfL, the plasma level of p-tau217 was

levated even during the presymptomatic stages of AD and may be able

o identify preclinical AD [ 46 , 47 ]; in addition, p-tau217 had better sen-
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itivity in capturing the earliest cerebral A 𝛽 alterations in CU individu-

ls, preceding the manifestation of evident A 𝛽 plaque pathology [ 44 ].

lthough plasma p-tau217 was also positively correlated with patholog-

cal changes in cerebral tau, this association was observed only when

 𝛽 pathology was clearly present [ 48 , 49 ]. Thus, plasma p-tau217 is a

iomarker for the early stages of AD even when tau pathology cannot

e identified via PET, as suggested in the revised version of the NIA-AA

uidelines. 

Moreover, the plasma level of p-tau217 was further elevated in pa-

ients with AD compared with patients with MCI and was significantly

orrelated with cognitive function in patients with AD continuum. Lon-

itudinal increases in p-tau217 have been reported to be associated with

ognitive decline and brain atrophy in AD patients [ 4 ]. In addition,

lasma p-tau217 levels are highly correlated with the disease progres-

ion of AD [ 13 ] and can be used to predict the risk of cognitive decline

n individuals with MCI [ 50 ]. In clinical trials of DMTs, the clearance of

 𝛽 was shown to contribute to significantly slowed clinical progression

nd decreased amyloid deposition on PET, accompanied by a reduction

n plasma p-tau217 levels [ 51 ]. Therefore, plasma p-tau217 could also

e used as an indicator for disease severity and progression prediction in

D patients, specifically enabling the identification of individuals most

ikely to experience deterioration during the early clinical stages and

eing an outcome or indicator of treatment response for DMT. 

This study established the first diagnostic and differential values of

lasma p-tau217 in the Chinese population, including CU individuals

ith a wide age range, patients with AD continuum from MCI to demen-

ia, and patients with other types of dementia, such as FTLD and SIVD.

owever, some limitations should be noted. Although sampling at the

ndividual level was robust, the number of participants was relatively

mall, e.g., among the CU individuals, only 34 individuals were aged

5–85 years. In addition, although the CU individuals were enrolled

rom centres in three different regions of China to establish the RIs of

lasma biomarkers for the Chinese population, all patients with demen-

ia or MCI were recruited only from our centre to obtain interindividual

onsistency in cognitive assessment and PET scan procedures. Therefore,

he current results need to be validated in future studies with larger sam-

le sizes, including samples with more older individuals and participants

ith geographical, ethnic and socioeconomic diversity. In addition, we

id not account for the potential impact of renal function and BMI on

lasma p-tau217 and A 𝛽 in this study, although a recent study has shown

hat they have only minor effects on the performance of AD-relevant

lasma biomarkers [ 52 ]. Furthermore, in this study, the correlations

etween plasma biomarkers and CSF and PET biomarkers for AD neu-

opathology were not assessed. Additionally, the associations between

lasma biomarkers and cognitive function were only cross-sectionally

nalysed. It will be interesting to further investigate the relationship

etween longitudinal changes in plasma biomarkers and cognitive func-

ion, as this would provide evidence of dynamic changes in p-tau217 and

ts role in reflecting clinical stages and progression. Taken together, the

linical and pathological associations of plasma biomarkers in patients

ith AD warrant further investigation. 

. Conclusions 

In this study, we demonstrated the excellent diagnostic performance

f plasma p-tau217 measured with Simoa for AD in a Chinese cohort.

he detection of p-tau217 in blood is expected to become a valuable

upplement in clinical practice, serving as a rapid screening test for sus-

ecting or excluding AD pathology and guiding and evaluating the use

f DMTs. 
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