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ARTICLE INFO ABSTRACT

Keywords: Background: Plasma phosphorylated tau at threonine 217 (p-tau217) measured with an ultrasensitive immunoas-
Phosphorylated tau say method has been demonstrated to be an optimal biomarker for Alzheimer’s disease (AD).
Amyloid-f Objectives: The aim of this study was to establish the reference interval for plasma p-tau217 in Chinese individuals

Plasma biomarkers
Alzheimer’s disease

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 (Af)42 and Ap40 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

Reference interval

Chinese population.

1. Introduction

The increasing prevalence of Alzheimer’s disease (AD), which is ex-
pected to affect more than 100 million people by 2050 [1], is becoming
a major global challenge and a serious threat to society and health care
institutions. Since disease-modifying therapies (DMTs) were recently de-
veloped, early and accurate diagnosis has become a priority for patients
with AD [2]. Amyloid-beta (Af) and tau in cerebrospinal fluid (CSF)
and measured with positron emission tomography (PET) imaging, re-
flect the core pathology of AD and are widely recognized diagnostic
biomarkers. However, these measurements are either invasive or expen-
sive and inaccessible, particularly for patients in developing countries
[3]. In many recent studies, blood-based biomarkers were shown to have
high potential in the screening, early diagnosis, tracking progress and,
ultimately, monitoring of the effectiveness of AD treatment in affected
patients [4,5].

* Corresponding authors.

Plasma Ap peptides and different subtypes of phosphorylated tau
protein (p-tau) are of significant interest in AD research, and their ac-
curacy in detecting the pathophysiology of AD is high [6-10]. Com-
pared with that of other plasma biomarkers, such as Ap, t-tau and
neurofilament light chain (NfL), the performance of plasma p-tau pro-
tein, which is usually measured with ultrasensitive immunoassays, e.g.,
single-molecule array (Simoa) and electrochemiluminescence (Eli Lilly
and Company), is better in identifying patients with AD whose diagnosis
is supported by CSF or PET biomarkers or postmortem findings) [11-
13]. Increased levels of plasma p-tau correlate with hallmark patholo-
gies of AD, including A deposition and neurofibrillary tangles, as mea-
sured either in postmortem brain tissue [14,15] or in vivo with PET
[16].

Among the various p-tau proteins, tau phosphorylated at threonine
217 (p-tau217) has demonstrated the greatest potential for distinguish-
ing AD patients from patients with other neurodegenerative disorders
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and detecting AD pathology at the mild cognitive impairment (MCI)
stage [8,17]. Notably, p-tau217 exhibited superior diagnostic accuracy
compared with p-taul81, p-tau231 and NfL, with areas under the curve
(AUCs) exceeding 0.90 [15,18]. Plasma p-tau217 alone or in combi-
nation with demographic variables (age, sex, and APOE status) out-
performed other plasma biomarkers, such as p-taul81, p-tau231, the
Ap42/40 ratio, glial fibrillary acidic protein (GFAP), NfL, and their opti-
mal combinations, for predicting both amyloid and tau status(13). More-
over, compared with these biomarkers, p-tau217 longitudinally exhib-
ited significant amyloid-dependent changes over time in both the pre-
clinical and symptomatic stages of AD and was associated with clinical
deterioration and brain atrophy in the preclinical stage of AD(4).

The Simoa method, characterized by exceptional sensitivity and pre-
cision, can accurately quantify trace plasma biomarkers. However, the
diagnostic value and cut-off point of plasma p-tau217 measured with
Simoa have not been validated in a Chinese population. Hence, the aim
of this study was to 1) establish the reference intervals (RIs) of plasma
biomarkers, particularly p-tau217, in a Chinese population with a wide
age range; 2) determine the diagnostic performance of plasma p-tau217
and other biomarkers, including Ap40, Ap42, and t-tau, in the AD con-
tinuum from MCI to dementia and their value in differentiating AD from
other common types of dementia; and 3) analyse the correlation be-
tween plasma biomarkers and cognitive function in patients with the
AD continuum.

2. Methods
2.1. Study population

All patients, including 60 with AD dementia, 30 with MCI due to
AD, 40 with frontotemporal lobar degeneration (FTLD), and 70 with
subcortical ischaemic vascular dementia (SIVD), were recruited from
the Memory Clinic of Tianjin Medical University General Hospital and
were diagnosed by dementia specialists according to specific diagnostic
criteria; all patients were aged 42-84 years. Specifically, patients with
MCI due to AD met the National Institute on Ageing and the Alzheimer’s
Association (NIA-AA) criteria (2011) [19] and the International Work-
ing Group (IWG)-2 criteria [20] and had positive Ag PET results, a Mini-
Mental State Examination (MMSE) score of 20-30 and a Clinical Demen-
tia Rating (CDR) scale score of 0.5 [21]. Patients with dementia met the
diagnostic criteria for major neurocognitive disorder according to the
fifth 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.
AD patients met the IWG-2 criteria [19,20] and had positive Ag PET
results, FTLD patients met the revised Frontotemporal Dementia Con-
sensus criteria for behavioural variant frontotemporal dementia [22] or
the classification recommendations for semantic variants or nonfluent
variants of primary progressive aphasia [23], and SIVD patients met the
diagnostic criteria for vascular dementia according to the International
Society of Vascular Behavioural and Cognitive Disorders [24].

One hundred and fifty cognitively unimpaired (CU) healthy individ-
uals who had no complaints of subjective cognitive decline and normal
neurological or neuropsychological examination results were recruited
from our centre located in North China and from two other centres
located in Southeast China (Hainan General Hospital) and Southwest
China (The Affiliated Hospital of Guizhou Medical University). CU indi-
viduals had MMSE scores > 26, CDR scale scores of 0, and ages ranging
from 21 to 85 years. Sixty CU individuals who were enrolled from our
centre and age- and sex-matched with AD patients were classified as
CU controls (CUCs) in the analysis of group differences and diagnostic
performance for AD.

The exclusion criteria for both patients and CU healthy indi-
viduals included active substance abuse, alcohol abuse, recent head
trauma, recent major surgery, tumour, multiple sclerosis, hydro-
cephalus, schizophrenia, thyroid dysfunction, vitamin B12 deficiency,
renal function abnormality, syphilis or HIV infection, severe depression,
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or visual/auditory disability. Patients who received DMTs or who were
participating in clinical trials were also excluded. The study was ap-
proved by the Medical Research Ethics Committee at Tianjin Medical
University General Hospital. All participants provided written informed
consent at the time of recruitment.

2.2. Neuropsychological assessment

Neuropsychological assessment was conducted within one week be-
fore or after blood sample collection. In addition to the MMSE, CUCs and
patients with cognitive impairment underwent a comprehensive cogni-
tive assessment, including the Auditory Verbal Learning Test (AVLT),
Brief Visuospatial Memory Test-Revised (BVMT-R), Verbal Fluency Test
(VFT), Boston Naming Test (BNT), Controlled Oral Word Association
Test (COWAT), Symbol Digit Modifications Test (SDMT), Stroop Colour
and Word Test, Trail Making Test-A (TMT-A) and TMT-B, and Benton
Judgement of Line Orientation (JLO), as previously described [25,26].
Six patients with AD only completed the MMSE and refused further cog-
nitive assessment.

Z scores for all tests were calculated by utilizing the means and stan-
dard deviations of all the CUCs included in this study. The z scores of
the TMT-A and TMT-B were then multiplied by -1 to be consistent with
the other tests, in which a higher score indicated better performance.
The following five main cognitive domains were assessed: (1) memory
composite, represented by the average z score of total learning, delayed
recall and recognition on the AVLT and the BVMT-R;(2) attention and in-
formation processing speed composite, calculated as the average z score
of the SDMT and the TMT-A;(3) executive function composite, deter-
mined by the average z score of the Stroop Colour and Word test and
the TMT-B;(4) language composite, indicated by the average z score of
the VFT, COWAT and BNT; and (5) visuospatial function, represented
by the z score of the JLO.

2.3. Plasma biomarker quantification

Blood was collected in EDTA tubes in the morning after the par-
ticipants had fasted and subsequently centrifuged within 2 h after ex-
traction (2500 rpm X 15 min, 4 °C). The plasma was then aliquoted
into polypropylene tubes and stored at —80 °C until analysis. All the
samples were centrifuged (12,000 rpm X 5 min, 4 °C) again before test-
ing. Biomarker concentrations were quantified by means of the Simoa
enzyme-linked immunoassay HD-X platform from Quanterix (Billerica,
MA) following the manufacturer’s protocol [13]. Plasma p-tau217 was
detected by means an ALZpath Simoa p-tau217 v2 EQC Kit (Quanterix,
104372). Plasma Ap42, Ap40 and t-tau levels were measured by means
of the Neurology 3-Plex Assay A Kit (Quanterix, 503203).

2.4. Statistical analysis

Statistical analyses were performed with SPSS 26.0, GraphPad Prism
version 8.0 software and R statistical software version 4.3.0. The data
are presented as the means and standard deviations (SDs) for continu-
ous variables. Demographic characteristics (continuous variables) were
compared by means of one-way analysis of variance (ANOVA) and sub-
sequent post hoc testing, and the chi-square test was used for between-
group comparisons of sex distribution. The RIs were calculated accord-
ing to the Clinical and Laboratory Standards Institute (CLSI) guidelines
[27]. The lower and upper limits were defined as the means + 2 x SDs.

Analysis of covariance (ANCOVA) and post hoc tests on the basis of
estimated marginal means (Bonferroni method for adjusting for multi-
ple comparisons) were used for between-group comparisons of plasma
biomarker levels and neuropsychological scores after adjusting for age,
sex, and years of education. Receiver operating characteristic (ROC)
curves were used to examine the discriminative performance of plasma
biomarkers between AD patients and CUCs and between AD patients and
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Table 1
Demographics and biomarker concentrations of all participants.
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Diagnostic groups

Variable 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)* 1.50 (0.68)* 0.56 (0.40)*>¢ 0.41 (0.39)>¢ < 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
Ap42 (pg/mL) 7.96 (2.03) 8.10 (2.33) 6.99 (1.73)* 6.56 (2.45)" 7.47 (2.80)¢ 9.39 (1.91)% ¢4 < 0.001
Ap40 (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)* 0.100
Ap42/Ap40 0.04 (0.01) 0.04 (0.01) 0.03 (0.01)* 0.03 (0.01)* 0.04 (0.01)*¢ 0.04 (0.01)> < 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.
a2 ,vs. CUGC, p <0.05
b vs. MCI, p < 0.05.
¢, vs. AD, p < 0.05.
4, 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; Af, amyloid-beta; p-tau217, tau phosphorylated at

threonine-217; t-tau, total tau.

patients with other types of dementia. The AUC, cut-off point, and asso-
ciated sensitivity and specificity were calculated. Differences between
AUC values were tested with the Delong test. Pearson and partial cor-
relation analyses were conducted to explore the relationship between
plasma p-tau217 levels and cognitive function. p < 0.05 indicated sta-
tistically significant differences.

3. Results
3.1. Demographics and clinical information

The demographic and clinical features of all participants are pre-
sented in Table 1. There were no significant differences in sex, age, or
years of education among the CUC, MCI, AD, FTLD and SIVD groups.

3.2. Reference intervals

In total, 240 specimens obtained from participants, including CUs
(n = 150), patients with MCI (n = 30) and patients with AD (n = 60),
were analysed to establish RIs for plasma biomarkers. The Rls in this
study were 0.006 to 0.47 pg/mL for plasma p-tau217 (Fig. 1), 1.320 to
5.678 pg/mL for t-tau, 3.91 to 12.0 pg/mL for Ap42, 106 to 284 pg/mL
for Ap40, and 0.025 to 0.057 for the Ap42/40 ratio.

3.3. 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-
tau217 level was significantly higher in the AD group and the MCI
group than in the CUC group and the other two patient groups (all
p < 0.001) and that these levels were higher in the AD group than in
the MCI group (p < 0.001). Additionally, compared with that in the
CUC group, the plasma p-tau217 level in the SIVD group was increased
(p < 0.001).

The Ap42/Ap40 ratio was significantly lower in the AD group
and the MCI group than in the CUC group (vs. AD, p < 0.001; vs.
MCL p < 0.001) and the FTLD group (vs. AD, p < 0.001; vs. MCI,
p < 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
FTLD group (p = 0.002) and the CUC group (p = 0.002). With re-
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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.

spect to the plasma Apf42 concentration, group differences similar to
those for the Ap42/Ap40 ratio were evident, and the concentration was
higher in the FTLD group than in the CUC group (p = 0.008). Fur-
thermore, the concentration of plasma Ap40 was higher in the FTLD
group than in the CUC group (p = 0.007) but did not significantly
differ among the other groups (p > 0.05). With respect to plasma
t-tau levels, there were no significant differences among the groups
(p = 0.862).

3.4. Diagnostic and differential performance of plasma biomarkers

The ROC curves for each biomarker as a function of diagnostic sta-
tus were generated (Fig. 3) and revealed that plasma p-tau217 had
the best diagnostic classification performance in distinguishing AD pa-
tients from CUCs (AUC = 0.983, 95 % confidence interval [CI] 0.941—
0.998, p < 0.001), FTLD patients (AUC = 0.936, 95 % CI 0.869-
0.975, 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 Af42 concentration
and Ap42/Ap40 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 Ap40 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.

0.939, p < 0.001). Moreover, the plasma Af42 concentration and
Ap42/Ap40 ratio performed well in distinguishing AD patients from
CUCs (AUC = 0.715, 95 % CI 0.625-0.793, p < 0.001; AUC = 0.760,
95 % CI 0.674-0.833, p < 0.001) and from FTLD patients (AUC = 0.842,
95 % CI 0.756-0.907, p < 0.001; AUC = 0.780, 95 % CI 0.686-0.857,
p < 0.001) but not from SIVD patients (AUC = 0.578; AUC = 0.644). The
accuracy of plasma p-tau217 was also greater in identifying patients
with MCI due to AD from CUCs (AUC = 0.943, 95% CI 0.873-0.981,
p < 0.001) than the plasma Ap42/Ap40 ratio was (AUC = 0.764, 95 %
CI 0.662-0.847, p < 0.001; Delong test, p < 0.001). However, the diag-
nostic accuracy of both plasma t-tau and Ap40, whose AUCs were less
than 0.70, was poor.

3.5. Cognitive correlations of plasma biomarkers in the AD continuum

There were significant differences in the MMSE scores and z scores
for all five cognitive domains among the groups (Table 2). In particular,
AD patients had lower scores on the MMSE and on the memory, informa-
tion processing, executive function, language, and visuospatial function
domains than did CUCs (all p < 0.001) and MCI patients (all p < 0.01).
Compared with the CUC group, the MCI group had lower MMSE scores
and 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)
and visuospatial function (r = —0.259, p = 0.017) in patients with AD
and MCI (Fig. 4B, C, F). However, after adjustments were made for age,
sex, and education, only the correlation with the memory domain re-
mained significant (r = —0.218, p = 0.047). There was no significant
correlation between cognitive function and plasma Ap biomarkers or
t-tau.

4. Discussion

In this study, the RIs of plasma biomarkers measured with Simoa,
particularly p-tau217, were established in a Chinese population. Addi-
tionally, plasma p-tau217 was significantly elevated in patients with
MCI due to AD compared with CUCs and was further increased in
patients with AD dementia. Although there was also a difference in
plasma amyloid biomarkers such as Ap42 and the Ap42/Ap40 ratio be-
tween AD patients and CUCs and patients with other types of dementia,
the diagnostic and differential accuracy of plasma p-tau217 was sig-
nificantly higher for AD than that of other plasma biomarkers. More-
over, there were correlations between plasma p-tau217 levels and cog-
nitive function, especially in the memory domain, in patients with AD
continuum.

The establishment of RIs for biomarkers is crucial for the accurate
interpretation of clinical laboratory test results and disease diagnosis.
Clinically, the RIs of p-tau217 could help to estimate whether dementia
syndromes are caused by abnormal Ap pathology. Patients with uncer-
tain plasma p-tau217 results are advised to undergo this confirmatory
test, and the necessity for advanced testing is determined by the initial
screening results and the patient’s clinical stage. In the present study,
the RI of plasma p-tau217 was established using CU healthy individuals
with a wide age range (21 to 85 years old) and patients with AD con-
tinuum, including those with MCI and dementia. For the RI of plasma
p-tau217 (0.006 to 0.47 pg/mL) measured with Simoa, the lower limit
was lower than those (0.4 to 0.63 pg/mL) reported in a previous study
of Western cohorts[13]. One possibility for this difference is that the
age range of the CU individuals in the present study was more diverse.
It is also possible that racial disparities might contribute to variations in
plasma biomarker levels, as one previous study revealed that the aver-
age 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 Ap42 levels and the Ap42/Ap40 ratio distin-
guished AD patients from CUCs (p < 0.001; p < 0.001; p < 0.001). B. Plasma p-tau217 and Ap42 levels and the Ap42/Ap40 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 Af42/Ap40 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) 16.47 (5.70)*° 21.36 (4.29)""¢ 19.13 (6.54)* ¢4 < 0.001
Memory 1.17 (0.87) —1.83 (0.96)* —2.41 (0.56)*" —~1.90 (0.82)*¢ —2.04 (1.51)*¢ < 0.001
Processing speed -0.32 (0.79) —1.54 (0.99)* -2.56 (1.31)*" -2.24 (1.08)*° -1.99 (1.40)*¢ <0.001
Executive function -0.33 (0.81) —-1.60 (1.14) —2.28 (0.89)*" -1.48 (1.17)*° -1.71 (1.16)*%4 <0.001
Language —0.30 (0.49) —0.61 (0.92) -1.59 (0.75)*" —1.55 (0.72)*° —2.31 (1.04)»bd <0.001
Visuospatial function —0.14 (0.99) —0.83 (1.30) -2.99 (2.25)*P —1.84 (1.97)%b¢ -1.03 (1.68)%<4 <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.
¢ ,vs.AD, p < 0.05.
4 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.

among non-Hispanic Whites [28]. In addition, the RIs of Ap42, Ap40 and
t-tau established in this study differed slightly from previous findings in
a Chinese cohort (Ap42 ranged from 2.72 to 11.09 pg/mL; Ap40 ranged
from 61.4 to 303.9 pg/mL; and t-tau ranged from 0.20 to 3.12 pg/mL)
[271, 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
the plasma level of p-tau217 and a reduction in the Ap42/Ap40 ra-
tio among patients with AD compared with both CUCs and patients
with other types of dementia. Consistently, plasma p-tau217 and the
Ap42/Ap40 ratio detected by various methods are considered valuable
biomarkers associated with Ap pathology that support the clinical di-
agnosis of AD [6,7,29]. A significant association between the plasma
Ap42/Ap40 ratio and incident AD and dementia has been demonstrated
in previous studies [30], supporting the hypothesis that AD results from
an imbalance between Af42 and Ap40 peptides. Consistent with previ-
ous findings [30,31], we did not observe differences in plasma Ap40 or
t-tau between patients with AD and either the CUCs or the patients with
other types of dementia. CSF t-tau levels are significantly increased in
AD patients, plasma t-tau levels change only slightly [32], and there is
no correlation between plasma and CSF t-tau levels [33]. Unlike p-tau,
nonphosphorylated tau is produced in peripheral nerves or tissue [34],
and it is estimated that only approximately 20 % of plasma t-tau comes
from the central nervous system [35].

The plasma level of p-tau217 outperformed all other biomarkers
across analyses, achieving an AUC of 0.983 overall when distinguishing
AD patients from CUCs. Among the currently available plasma biomark-
ers, the p-tau217 concentration has been demonstrated to have the
strongest association with amyloid- and tau-PET positivity [35] and has
proven to be valuable in the clinical diagnosis of AD [36]. Moreover,
we found that plasma p-tau217 levels showed excellent diagnostic ac-
curacy in discriminating AD patients from FTLD patients, which is con-
sistent with previous findings [15,18]. Taken together, these findings
showed that plasma p-tau217, a biomarker reflecting both amyloid and
tau pathologies specific to AD, could be applied in a wide range of clini-
cal practices, including both the identification and differentiation of AD
patients.

However, SIVD patients also exhibited an increase in plasma p-
tau217 and a decrease in the Ap42/Ap40 ratio compared with those in
the CUC group. This result suggested that AD pathology might be a co-
morbidity or contribute to the pathogenesis of SIVD. The accumulation
of Ap in brain tissue is attributable to reduced clearance, which depends
on stable cerebral blood flow [37]. Conversely, the deposition of Af in
blood vessels has specific toxic effects, potentially leading to hypoper-
fusion through the induction of vasoconstriction, elevation of vascular
resistance, and initiation of pericyte degeneration [38,39]. SIVD is a
main subtype of vascular dementia that manifests as an insidious and
gradual clinical progression similar to that of AD, and the prevalence is
high in East Asia [40]. However, the comparison of plasma biomarkers
between AD patients and SIVD patients has been the focus of only a few
studies. Although plasma cyclophilin A (CyPA), placental growth factor
(PIGF), and B-type natriuretic peptide (BNP) have been investigated as
potential biomarkers for differentiating AD from SIVD, their sensitivity
and specificity are relatively low [41-43]. Our results suggest that the
levels of Af and tau biomarkers should be interpreted cautiously when
differentiating AD patients from SIVD patients, although the discrimi-
native performance of plasma p-tau217 is still good (AUC = 0.892).

In the present study, individuals with MCI due to AD had higher
plasma p-tau217 levels than did in the CUC group and patients with
FTLD or SIVD and had lower Af42 concentrations and Ap42/Ap40 ra-
tios than did those in the CUC group and those with FTLD. We fur-
ther demonstrated that plasma p-tau217 outperformed Ap biomarkers,
achieving an AUC of 0.943, for discriminating prodromal AD patients
from CUCs. These findings indicate that plasma p-tau217 might be el-
evated in the early stages of AD and may better reflect the insidious
initial AD pathology, which is consistent with published data [44]. A
combination of the plasma Ap42/Ap40 ratio and p-tau217 level could
be used to discriminate A status with relatively high accuracy, with
AUCs ranging from 0.83 to 0.86, whereas the associations were strongest
between p-tau217 and Ap pathology in MCI patients (AUCs 0.86-0.88)
[45]. Moreover, compared with those of other biomarkers, such as p-
taul81, Ap42/Ap40, GFAP, and NfL, the plasma level of p-tau217 was
elevated even during the presymptomatic stages of AD and may be able
to identify preclinical AD [46,47]; in addition, p-tau217 had better sen-
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sitivity in capturing the earliest cerebral Ag alterations in CU individu-
als, preceding the manifestation of evident Af plaque pathology [44].
Although plasma p-tau217 was also positively correlated with patholog-
ical changes in cerebral tau, this association was observed only when
Ap pathology was clearly present [48,49]. Thus, plasma p-tau2l7 is a
biomarker for the early stages of AD even when tau pathology cannot
be identified via PET, as suggested in the revised version of the NIA-AA
guidelines.

Moreover, the plasma level of p-tau217 was further elevated in pa-
tients with AD compared with patients with MCI and was significantly
correlated with cognitive function in patients with AD continuum. Lon-
gitudinal increases in p-tau217 have been reported to be associated with
cognitive decline and brain atrophy in AD patients [4]. In addition,
plasma p-tau217 levels are highly correlated with the disease progres-
sion of AD [13] and can be used to predict the risk of cognitive decline
in individuals with MCI [50]. In clinical trials of DMTs, the clearance of
Ap was shown to contribute to significantly slowed clinical progression
and decreased amyloid deposition on PET, accompanied by a reduction
in plasma p-tau217 levels [51]. Therefore, plasma p-tau217 could also
be used as an indicator for disease severity and progression prediction in
AD patients, specifically enabling the identification of individuals most
likely to experience deterioration during the early clinical stages and
being an outcome or indicator of treatment response for DMT.

This study established the first diagnostic and differential values of
plasma p-tau217 in the Chinese population, including CU individuals
with a wide age range, patients with AD continuum from MCI to demen-
tia, and patients with other types of dementia, such as FTLD and SIVD.
However, some limitations should be noted. Although sampling at the
individual level was robust, the number of participants was relatively
small, e.g., among the CU individuals, only 34 individuals were aged
65-85 years. In addition, although the CU individuals were enrolled
from centres in three different regions of China to establish the RIs of
plasma biomarkers for the Chinese population, all patients with demen-
tia or MCI were recruited only from our centre to obtain interindividual
consistency in cognitive assessment and PET scan procedures. Therefore,
the current results need to be validated in future studies with larger sam-
ple sizes, including samples with more older individuals and participants
with geographical, ethnic and socioeconomic diversity. In addition, we
did not account for the potential impact of renal function and BMI on
plasma p-tau217 and Ap in this study, although a recent study has shown
that they have only minor effects on the performance of AD-relevant
plasma biomarkers [52]. Furthermore, in this study, the correlations
between plasma biomarkers and CSF and PET biomarkers for AD neu-
ropathology were not assessed. Additionally, the associations between
plasma biomarkers and cognitive function were only cross-sectionally
analysed. It will be interesting to further investigate the relationship
between longitudinal changes in plasma biomarkers and cognitive func-
tion, as this would provide evidence of dynamic changes in p-tau217 and
its role in reflecting clinical stages and progression. Taken together, the
clinical and pathological associations of plasma biomarkers in patients
with AD warrant further investigation.

5. Conclusions

In this study, we demonstrated the excellent diagnostic performance
of plasma p-tau217 measured with Simoa for AD in a Chinese cohort.
The detection of p-tau217 in blood is expected to become a valuable
supplement in clinical practice, serving as a rapid screening test for sus-
pecting or excluding AD pathology and guiding and evaluating the use
of DMTs.

Funding
This work was supported by the Science and Technology Inno-

vation 2030-Major Project (2021ZD0201805), the Tianjin Key Medi-
cal Discipline (Specialty) Construction Project (TJYXZDXK-004A), the

The Journal of Prevention of Alzheimer’s Disease 12 (2025) 100092

Tianjin Science and Technology Leading Cultivation Enterprise Project
(22YDPYSY00220) and the Tianjin Health Research Project (TJWJ
2022QN008).

Ethical standards

The study was approved by the Medical Research Ethics Committee
at Tianjin Medical University General Hospital. All the subjects provided
written informed consent at the time of recruitment.

Data Availability: The data that support the findings of this study are
available from the corresponding author upon reasonable request.

Declaration of competing interest

The authors declare that they have no conflicts of interest.

CRediT authorship contribution statement

Li-Min Li: Writing — review & editing, Writing — original draft, Soft-
ware, Methodology, Funding acquisition, Data curation, Conceptualiza-
tion. Ping Che: Writing — original draft, Software, Methodology, Data
curation. Dequan Liu: Writing — original draft, Software, Methodology,
Data curation, Conceptualization. Yu Wang: Software, Methodology,
Data curation. Jia Li: Software, Methodology, Formal analysis, Data cu-
ration. Dian He: Writing — review & editing, Data curation. Tao Liu:
Writing — review & editing, Data curation. Nan Zhang: Writing — re-
view & editing, Visualization, Supervision, Methodology, Investigation,
Funding acquisition, Conceptualization.

Acknowledgments

The authors thank all the volunteers who participated in the study
and all the staff involved.

References

[1] Brookmeyer R, Johnson E, Ziegler-Graham K, et al. Forecasting the global
burden of Alzheimer’s disease. Alzheimers Dement 2007;3(3):186-91.
doi:10.1016/j.jalz.2007.04.381.

Abbasi J. Promising results in 18-month analysis of alzheimer drug candidate. JAMA

2018;320(10):965. doi:10.1001/jama.2018.13027.

Fargo KN, Carrillo MC, Weiner MW, et al. The crisis in recruitment for clinical tri-

als in Alzheimer’s and dementia: an action plan for solutions. Alzheimers Dement

2016;12(11):1113-15. doi:10.1016/j.jalz.2016.10.001.

Ashton NJ, Janelidze S, Mattsson-Carlgren N, et al. Differential roles of Abeta42/40,

p-tau231 and p-tau217 for Alzheimer’s trial selection and disease monitoring. Nat

Med 2022;28(12):2555-62. doi:10.1038/s41591-022-02074-w.

Palmgqvist S, Tideman P, Cullen N, et al. Prediction of future Alzheimer’s disease

dementia using plasma phospho-tau combined with other accessible measures. Nat

Med 2021;27(6):1034-42. doi:10.1038/s41591-021-01348-z.

[6] Nakamura A, Kaneko N, Villemagne VL, et al. High performance plasma

amyloid-beta biomarkers for Alzheimer’s disease. Nature 2018;554(7691):249-54.

doi:10.1038/nature25456.

Schindler SE, Bollinger JG, Ovod V, et al. High-precision plasma beta-amyloid 42/40

predicts current and future brain amyloidosis. Neurology 2019;93(17):e1647-59.

doi:10.1212/WNL.0000000000008081.

Ashton NJ, Puig-Pijoan A, Mila-Aloma M, et al. Plasma and CSF biomarkers in

a memory clinic: head-to-head comparison of phosphorylated tau immunoassays.

Alzheimers Dement 2023;19(5):1913-24. doi:10.1002/alz.12841.

Janelidze S, Teunissen CE, Zetterberg H, et al. Head-to-head comparison of 8 plasma

amyloid-beta 42/40 assays in Alzheimer disease. JAMA Neurol 2021;78(11):1375-

82. doi:10.1001/jamaneurol.2021.3180.

[10] Illan-Gala I, Lleo A, Karydas A, et al. Plasma Tau and neurofilament light in fron-
totemporal lobar degeneration and alzheimer disease. Neurology 2021;96(5):e671—
83. d0i:10.1212/WNL.0000000000011226.

[11] Fandos N, Perez-Grijalba V, Pesini P, et al. Plasma amyloid beta 42/40 ratios as
biomarkers for amyloid beta cerebral deposition in cognitively normal individuals.
Alzheimers Dement (Amst) 2017;8:179-87. doi:10.1016/j.dadm.2017.07.004.

[12] Deters KD, Risacher SL, Kim S, et al. Plasma Tau association with brain at-
rophy in mild cognitive impairment and Alzheimer’s disease. J Alzheimers Dis
2017;58(4):1245-54. doi:10.3233/JAD-161114.

[13] Ashton NJ, Brum WS, Di Molfetta G, et al. Diagnostic accuracy of a plasma phos-
phorylated tau 217 immunoassay for Alzheimer disease pathology. JAMA Neurol
2024;81(3):255-63. do0i:10.1001/jamaneurol.2023.5319.

[2

—

[3

=

[4

=

[5

—

[7

—

[8

=

[9

—


https://doi.org/10.1016/j.jalz.2007.04.381
https://doi.org/10.1001/jama.2018.13027
https://doi.org/10.1016/j.jalz.2016.10.001
https://doi.org/10.1038/s41591-022-02074-w
https://doi.org/10.1038/s41591-021-01348-z
https://doi.org/10.1038/nature25456
https://doi.org/10.1212/WNL.0000000000008081
https://doi.org/10.1002/alz.12841
https://doi.org/10.1001/jamaneurol.2021.3180
https://doi.org/10.1212/WNL.0000000000011226
https://doi.org/10.1016/j.dadm.2017.07.004
https://doi.org/10.3233/JAD-161114
https://doi.org/10.1001/jamaneurol.2023.5319

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Li, P. Che, D. Liu et al.

Thijssen EH, La Joie R, Wolf A, et al. Diagnostic value of plasma phosphorylated
taul81 in Alzheimer’s disease and frontotemporal lobar degeneration. Nat Med
2020;26(3):387-97. d0i:10.1038/541591-020-0762-2.

Palmgqvist S, Janelidze S, Quiroz YT, et al. Discriminative accuracy of plasma
phospho-tau217 for Alzheimer disease vs. other neurodegenerative disorders. JAMA
2020;324(8):772-81. doi:10.1001/jama.2020.12134.

Janelidze S, Mattsson N, Palmgvist S, et al. Plasma P-taul81 in Alzheimer’s dis-
ease: relationship to other biomarkers, differential diagnosis, neuropathology and
longitudinal progression to Alzheimer’s dementia. Nat Med 2020;26(3):379-86.
doi:10.1038/541591-020-0755-1.

Janelidze S, Bali D, Ashton NJ, et al. Head-to-head comparison of 10 plasma
phospho-tau assays in prodromal Alzheimer’s disease. Brain 2023;146(4):1592-601.
doi:10.1093/brain/awac333.

Thijssen EH, La Joie R, Strom A, et al. Plasma phosphorylated tau 217 and phos-
phorylated tau 181 as biomarkers in Alzheimer’s disease and frontotemporal lo-
bar degeneration: a retrospective diagnostic performance study. Lancet Neurol
2021;20(9):739-52. doi:10.1016/51474-4422(21)00214-3.

McKhann GM, Knopman DS, Chertkow H, et al. The diagnosis of dementia due
to Alzheimer’s disease: recommendations from the National Institute on Ageing-
Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s dis-
ease. Alzheimers Dement 2011;7(3):263-9. doi:10.1016/j.jalz.2011.03.005.
Dubois B, Feldman HH, Jacova C, et al. Advancing research diagnostic criteria
for Alzheimer’s disease: the IWG-2 criteria. Lancet Neurol 2014;13(6):614-29.
doi:10.1016/51474-4422(14)70090-0.

Petersen RC. Mild cognitive impairment as a diagnostic entity. J Intern Med
2004;256(3):183-94. doi:10.1111/j.1365-2796.2004.01388.x.

Rascovsky K, Hodges JR, Knopman D, et al. Sensitivity of revised diagnostic criteria
for the behavioural variant of frontotemporal dementia. Brain 2011;134(Pt 9):2456—
77. doi:10.1093/brain/awrl79.

Gorno-Tempini ML, Hillis AE, Weintraub S, et al. Classification of pri-
mary progressive aphasia and its variants. Neurology 2011;76(11):1006-14.
doi:10.1212/WNL.0b013e31821103e6.

Sachdev P, Kalaria R, O’Brien J, et al. Diagnostic criteria for vascular cognitive
disorders: a VASCOG statement. Alzheimer Dis Assoc Disord 2014;28(3):206-18.
doi:10.1097/WAD.0000000000000034.

Meng M, Liu F, Ma Y, et al. The identification and cognitive correlation of per-
fusion patterns measured with arterial spin labelling MRI in Alzheimer’s disease.
Alzheimers Res Ther 2023;15(1):75. doi:10.1186/s13195-023-01222-9.

Tian R, Zhang Y, Liu F, et al. A neuropsychological profile and its correlation with
neuroimaging markers in patients with subcortical ischaemic vascular dementia. Int
J Geriatr Psychiatry 2023;38(3):€5900. doi:10.1002/gps.5900.

Chen J, Zhao X, Zhang W, et al. Reference intervals for plasma amyloid-
beta, total tau, and phosphorylated taul8l in healthy elderly Chinese indi-
viduals without cognitive impairment. Alzheimers Res Ther 2023;15(1):100.
doi:10.1186/513195-023-01246-1.

Mohs RC, Beauregard D, Dwyer J, et al. The Bio-Hermes Study: biomarker database
developed to investigate blood-based and digital biomarkers in community-based,
diverse populations clinically screened for Alzheimer’s disease. Alzheimers Dement
2024;20(4):2752-65. doi:10.1002/alz.13722.

Monane M, Johnson KG, Snider BJ, et al. A blood biomarker test for brain amy-
loid impacts the clinical evaluation of cognitive impairment. Ann Clin Transl Neurol
2023;10(10):1738-48. doi:10.1002/acn3.51863.

Chouraki V, Beiser A, Younkin L, et al. Plasma amyloid-beta and risk of Alzheimer’s
disease in the Framingham Heart Study. Alzheimers Dement 2015;11(3):249 -57.el.
doi:10.1016/j.jalz.2014.07.001.

Chatterjee P, Pedrini S, Ashton NJ, et al. Diagnostic and prognostic plasma biomark-
ers for preclinical Alzheimer’s disease. Alzheimers Dement 2022;18(6):1141-54.
doi:10.1002/alz.12447.

Blennow K, Hampel H, Weiner M, et al. Cerebrospinal fluid and plasma biomark-
ers in Alzheimer disease. Nat Rev Neurol 2010;6(3):131-44. doi:10.1038/nrneu-
r0l.2010.4.

[33]
[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

The Journal of Prevention of Alzheimer’s Disease 12 (2025) 100092

Mattsson N, Zetterberg H, Janelidze S, et al. Plasma tau in Alzheimer disease. Neu-
rology 2016;87(17):1827-35. doi:10.1212/WNL.0000000000003246.

Fischer I, Baas PW. Resurrecting the mysteries of big Tau. Trends Neurosci
2020;43(7):493-504. doi:10.1016/j.tins.2020.04.007.

Barthelemy NR, Horie K, Sato C, et al. Blood plasma phosphorylated-tau iso-
forms track CNS change in Alzheimer’s disease. J Exp Med 2020;217(11).
doi:10.1084/jem.20200861.

Brickman AM, Manly JJ, Honig LS, et al. Plasma p-taul81, p-tau217, and other
blood-based Alzheimer’s disease biomarkers in a multiethnic, community study.
Alzheimers Dement 2021;17(8):1353-64. doi:10.1002/alz.12301.
Tarasoff-Conway JM, Carare RO, Osorio RS, et al. Clearance systems in the
brain-implications for Alzheimer disease. Nat Rev Neurol 2015;11(8):457-70.
doi:10.1038/nrneurol.2015.119.

Kisler K, Nelson AR, Rege SV, et al. Pericyte degeneration leads to neurovascular
uncoupling and limits oxygen supply to brain. Nat Neurosci 2017;20(3):406-16.
doi:10.1038/nn.4489.

Yew B, Nation DA. Cerebrovascular resistance: effects on cognitive decline,
cortical atrophy, and progression to dementia. Brain 2017;140(7):1987-2001.
doi:10.1093/brain/awx112.

Chan KY, Wang W, Wu JJ, et al. Epidemiology of Alzheimer’s disease and other
forms of dementia in China, 1990-2010: a systematic review and analysis. Lancet
2013;381(9882):2016-23. doi:10.1016/50140-6736(13)60221-4.

Gong M, Jia J. Contribution of blood-brain barrier-related blood-borne factors for
Alzheimer’s disease vs. vascular dementia diagnosis: a pilot study. Front Neurosci
2022;16:949129. doi:10.3389/fnins.2022.949129.

Kondziella D, Gothlin M, Fu M, et al. B-type natriuretic peptide plasma levels
are elevated in subcortical vascular dementia. Neuroreport 2009;20(9):825-7.
doi:10.1097/WNR.0b013e328326f82f.

Hinman JD, Elahi F, Chong D, et al. Placental growth factor as a sensitive biomarker
for vascular cognitive impairment. Alzheimers Dement 2023;19(8):3519-27.
doi:10.1002/alz.12974.

Mila-Aloma M, Ashton NJ, Shekari M, et al. Plasma p-tau231 and p-tau2l7 as
state markers of amyloid-beta pathology in preclinical Alzheimer’s disease. Nat Med
2022;28(9):1797-801. doi:10.1038/541591-022-01925-w.

Janelidze S, Palmgvist S, Leuzy A, et al. Detecting amyloid positivity in early
Alzheimer’s disease using combinations of plasma Abeta42/Abeta40 and p-tau.
Alzheimers Dement 2022;18(2):283-93. doi:10.1002/alz.12395.

Ossenkoppele R, Rabinovici GD, Smith R, et al. Discriminative accu-
racy of [18F]flortaucipir positron emission tomography for Alzheimer dis-
ease vs. other neurodegenerative disorders. JAMA  2018;320(11):1151-62.
doi:10.1001/jama.2018.12917.

Quiroz YT, Sperling RA, Norton DJ, et al. Association between amyloid and tau
accumulation in young adults with autosomal dominant Alzheimer disease. JAMA
Neurol 2018;75(5):548-56. doi:10.1001/jamaneurol.2017.4907.

Barthelemy NR, Li Y, Joseph-Mathurin N, et al. A soluble phosphory-
lated tau signature links tau, amyloid and the evolution of stages of
dominantly inherited Alzheimer’s disease. Nat Med 2020;26(3):398-407.
doi:10.1038/541591-020-0781-z.

Mattsson-Carlgren N, Andersson E, Janelidze S, et al. Abeta deposition is associated
with increases in soluble and phosphorylated tau that precede a positive Tau PET in
Alzheimer’s disease. Sci Adv 2020;6(16):eaaz2387. doi:10.1126/sciadv.aaz2387.
Ossenkoppele R, Salvado G, Janelidze S, et al. Prediction of future cognitive decline
among cognitively unimpaired individuals using measures of soluble phosphorylated
tau or tau tangle pathology. medRxiv 2024. doi:10.1101,/2024.06.12.24308824.
Sims JR, Zimmer JA, Evans CD, et al. Donanemab in early symptomatic
alzheimer disease: the TRAILBLAZER-ALZ 2 randomized clinical trial. JAMA
2023;330(6):512-27. doi:10.1001/jama.2023.13239.

Pichet BA, Janelidze S, Cullen N, et al. Confounding factors of Alzheimer’s disease
plasma biomarkers and their impact on clinical performance. Alzheimers Dement
2023;19(4):1403-14. doi:10.1002/alz.12787.


https://doi.org/10.1038/s41591-020-0762-2
https://doi.org/10.1001/jama.2020.12134
https://doi.org/10.1038/s41591-020-0755-1
https://doi.org/10.1093/brain/awac333
https://doi.org/10.1016/S1474-4422(21)00214-3
https://doi.org/10.1016/j.jalz.2011.03.005
https://doi.org/10.1016/S1474-4422(14)70090-0
https://doi.org/10.1111/j.1365-2796.2004.01388.x
https://doi.org/10.1093/brain/awr179
https://doi.org/10.1212/WNL.0b013e31821103e6
https://doi.org/10.1097/WAD.0000000000000034
https://doi.org/10.1186/s13195-023-01222-9
https://doi.org/10.1002/gps.5900
https://doi.org/10.1186/s13195-023-01246-1
https://doi.org/10.1002/alz.13722
https://doi.org/10.1002/acn3.51863
https://doi.org/10.1016/j.jalz.2014.07.001
https://doi.org/10.1002/alz.12447
https://doi.org/10.1038/nrneurol.2010.4
https://doi.org/10.1212/WNL.0000000000003246
https://doi.org/10.1016/j.tins.2020.04.007
https://doi.org/10.1084/jem.20200861
https://doi.org/10.1002/alz.12301
https://doi.org/10.1038/nrneurol.2015.119
https://doi.org/10.1038/nn.4489
https://doi.org/10.1093/brain/awx112
https://doi.org/10.1016/S0140-6736(13)60221-4
https://doi.org/10.3389/fnins.2022.949129
https://doi.org/10.1097/WNR.0b013e328326f82f
https://doi.org/10.1002/alz.12974
https://doi.org/10.1038/s41591-022-01925-w
https://doi.org/10.1002/alz.12395
https://doi.org/10.1001/jama.2018.12917
https://doi.org/10.1001/jamaneurol.2017.4907
https://doi.org/10.1038/s41591-020-0781-z
https://doi.org/10.1126/sciadv.aaz2387
https://doi.org/10.1101/2024.06.12.24308824
https://doi.org/10.1001/jama.2023.13239
https://doi.org/10.1002/alz.12787

	Diagnostic and discriminative accuracy of plasma phosphorylated tau 217 for symptomatic Alzheimer&#x02BC;s disease in a Chinese cohort
	1 Introduction
	2 Methods
	2.1 Study population
	2.2 Neuropsychological assessment
	2.3 Plasma biomarker quantification
	2.4 Statistical analysis

	3 Results
	3.1 Demographics and clinical information
	3.2 Reference intervals
	3.3 Differences in plasma biomarker levels between groups
	3.4 Diagnostic and differential performance of plasma biomarkers
	3.5 Cognitive correlations of plasma biomarkers in the AD continuum

	4 Discussion
	5 Conclusions
	Funding
	Ethical standards
	Declaration of competing interest
	CRediT authorship contribution statement
	Acknowledgments
	References


