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Abstract

IntRoductIon

Alzheimer’s disease (AD) is a progressive neurodegenerative 
disorder that begins with mild cognitive impairment.[1,2] AD is 
considered the most common cause of dementia in the elderly.[3] 
Epidemiological studies demonstrated that the number of 
individuals who lived with dementia was 43.8 million worldwide 
by 28.8 million disability‑adjusted life‑years (DALYs) 
attributed in 2016 which is going to increase.[4]

AD is characterized by the presence of hyperphosphorylated 
tau (p‑tau) and amyloid beta (Aβ) plaques in the brain.[5] Tau, 
known as a microtubule‑associated protein (MAP), is an 
essential part of a neuron’s stability that helps to maintain the 
microtubules forming of the neural cytoskeleton.[6,7] In AD, 
abnormal hyperphosphorylated tau proteins self‑aggregate 
in the neurons and form neurofibrillary tangles that impair 
axonal transport and lead to synaptic dysfunctions and neuronal 
death.[7] P‑tau as a result of AD progression is released into 
CSF and blood which can be detected and used for monitoring 
disease progression and diagnosis.[8]

At the time of clinical diagnosis of AD, neural loss and 
neuropathological lesions occur earlier in the brain.[9] The 
critical issue is the early detection of pathological changes 

and rapid administration of neuroprotective drugs before AD 
becomes symptomatic.[9,10] Currently, the diagnosis of AD is 
mainly based on clinical guidelines and exclusion of other causes 
of dementia.[11] There are different neuropathological changes 
underlying AD which can be detected by imaging‑based and 
molecular‑fluid biomarkers in the cerebrospinal fluid (CSF) 
or blood.[12] Progress has been made in developing early 
biomarkers for AD. Recent investigations revealed that 
Aβ (1–42), total tau (t‑tau), and p‑tau (p‑tau 181, p‑tau 217, 
p‑tau231) in CSF are useful biomarkers to distinguish early 
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and developed AD from depression, age‑associated memory 
impairment, and some secondary dementias.[13]

CSF p‑tau is considered a good prognostic biomarker in AD 
which can predict progression from cognitively unimpaired 
to mild cognitive impairment (MCI), and AD dementia.[14–16] 
Suárez‑Calvet et al.[8] measured three novel CSF p‑tau isoforms 
including p‑tau181, p‑tau217, and p‑tau231 and demonstrated 
that increasing these three biomarkers is significant in the 
preclinical stage of AD and can be utilized in differentiating 
Aβ positive from Aβ negative individuals. Barthélemy et al.[17] 
demonstrated that based on phosphorylation sites, the p‑tau 
isoform could have different metabolisms. They showed 
that hyperphosphorylation on threonine 111, 205, S208, 217, 
and 231 of tau in CSF of the AD patients was increased. 
Furthermore, some previous studies showed that CSF levels 
of p‑tau231 were significantly higher in patients with AD 
compared to normal control (NC).[18]

According to previous studies, the use of p‑tau231 may 
contribute to the earlier and more accurate diagnosis of 
AD,[19,20] whereas some other studies did not find a significant 
difference in the level of CSF p‑tau231 in AD and MCI 
patients.[13] Due to contradictory results, we aimed to conduct a 
systematic review and meta‑analysis on previous investigations 
to examine the potential role of CSF p‑tau231 as a biomarker 
of AD and MCI. In this study, we compared the CSF levels of 
p‑tau231 in patients with NC, MCI, and AD.

Method and MateRIaLs

Search strategy and study selection
This systematic review and meta‑analysis was performed by 
following the Preferred Reporting for Systematic Review and 
Meta‑Analysis (PRISMA) consensus statement.[21] PubMed, 
Scopus, and Web of Science were searched for publications 
from 1990 to March 2021 using the following non‑MeSH 
terms (p‑tau231 or phosphorylated tau at threonine 231 or 
CSF p‑tau231 and Alzheimer’s disease or mild cognitive 
impairments).

Inclusion and exclusion criteria
We included original studies which reported the level of CSF 
p‑tau231 in NC (healthy subjects), and AD or MCI patients. We 
excluded review and animal studies, case reports, case series, 
book chapters, editorials, letters, and non‑English studies. 
Also, the eligible studies must define their diagnostic criteria 
for AD and MCI.

PICO in the present study was defined as follows. Problem or 
study population (P): Patients with AD or MCI; index test (I): 
CSF p‑tau231; comparison (C): Healthy subjects; outcome (O): 
The desired outcome was examining the potential role of CSF 
p‑tau231 as a biomarker for AD and MCI.

Study selection
The studies were selected in two steps. At the first, the title 
and abstracts were screened by two investigators (ER and SS) 

independently to ensure meeting eligibility criteria. In the next, 
the same reviewers screened the full text of the remaining 
articles for final selection. Any disagreement is resolved by 
a third investigator (FN) consultation at the end of each step.

Data extraction
The following data were manually extracted by two 
reviewers (ER and SS) using the prepared standard form: First 
author, year of publication, type of study, follow‑up duration, 
p‑tau231 assay method, sample size, age distribution, number 
of males, number of AD, MCI and NC subjects, the mean level 
of CSF p‑tau231 and standard deviation (SD) in each group.

Quality assessment
To estimate the risk of bias among included studies, the quality 
assessment of diagnostic accuracy studies (QUADAS‑2) 
criteria[22] was performed by the same reviewers (ER and SS).

Statistical analysis
Statistical analysis was performed via standardized mean 
difference (SMD) methodology for CSF p‑tau231 level among 
groups (AD vs. MCI vs NC) with a 95% confidence interval on 
Stata 14.0 statistical software. First, we converted medians and 
interquartile range to mean and standard deviation based on 
the method proposed by Hozo et al.[23] Cochrane’s Q test and 
I2 were used for assessing heterogeneity. The I2 value >75% 
and P value smaller than (<0.10) revealed high heterogeneity 
among studies. Due to moderate heterogeneity, we applied a 
random‑effects model.

ResuLts

Search results
A total of 150 results were retrieved from PubMed, Scopus, 
and Web of Science, and one study was added manually. 
After removing duplicates, 97 studies remained. Among 
qualified articles for the title and abstract review, 58 studies 
were excluded according to inclusion and exclusion 
criteria. The remaining articles were screened carefully via 
full‑text assessments. Finally, a total of 10 studies including 
1141 subjects were identified as eligible records for qualitative 
and quantitative synthesis [Figure 1].

Study characteristics
We included six cross‑sectional[18–20,24–26] and four longitudinal 
studies[27–30] with a total of 1141 subjects (AD = 686, 
MCI = 260, NC = 195). The full details of included studies 
are listed in Table 1.

Risk of bias assessments
Visual inspection of the funnel plot revealed probable 
publication bias [Figure 2]. The results of the QUADAS‑2 
assessment showed that the risk of bias was high in two studies 
and unclear in one study [Table 2]. The visual inspection of the 
funnel plot in all analyses is represented in Figure 2.

CSF p‑tau231 in AD vs NC
Nine studies were included in the meta‑analysis regarding 
the comparison of CSF p‑tau231 between AD and NC. 
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A total of 686 AD and 195 NC subjects were entered. The 
heterogeneity of the studies was high (Q = 703.18, P < 0.00, 
I2 = 98.86%) [Figure 3]. Forest plot revealed a significantly 
higher CSF p‑tau231 level in AD patients compared to 
NC (SMD = 436.21 [164.88, 707.54], P < 0.00) [Figure 3].

CSF P‑tau231 in AD vs MCI
For the meta‑analysis of CSF p‑tau231 between AD and MCI 
subjects, a total of five studies including 372 AD and 247 MCI 
subjects were entered. The heterogeneity was high (Q = 39.59, 
P < 0.00, I2 = 89.90%) [Figure 4]. The forest plot demonstrates 
a significantly higher level of CSF p‑tau231 in AD subjects 
compared to MCI individuals (SMD = 160.94 [11.11, 310.78], 
P = 0.04) [Figure 4].

CSF P‑tau231 in MCI vs NC
A total of six studies with 260 MCI and 132 NC individuals 
were entered for the comparison of CSF p‑tau231 between 
MCI and NC subjects. The heterogeneity of studies was 
high (Q = 212.65, P < 0.00, I2 = 97.65%) [Figure 5]. The 
analysis showed that the CSF p‑tau231 concentration 
in MCI patients was significantly higher compared to 
that in NC subjects (SMD = 341.44 [59.73, 623.14], 
P = 0.02) [Figure 5].

dIscussIon

In this study, we compared the CSF level of p‑tau231 between 
subjects with AD, MCI, and NC to assess the possible role 
of p‑tau231 in distinguishing AD and MCI from normal 

people. This meta‑analysis gave evidence that CSF p‑tau231 
levels in AD patients were higher than in MCI patients and 
NC. Additionally, CSF p‑tau231 levels were significantly 
higher in MCI patients compared to NC. Our results showed 
that p‑tau231 may be a reliable biomarker for differential 
diagnosis of AD and MCI. As far as we know, this is the 
first meta‑analysis study on the use of CSF p‑tau231 for 
distinguishing MCI and AD.

Several isoforms of p‑tau have been investigated in the CSF 
of AD patients. The most common form is p‑tau181, which 
showed promising results in differentiating AD from MCI or 
NC.[8] Also, several other isoforms of p‑tau such as p‑tau217 
and p‑tau231 showed considerable results in distinguishing 
between AD and MCI patients.[16,19] A study by Spiegel et al.[31] 
reported better performance of p‑tau231 than p‑tau181 in the 
separation of AD from normal people. Additionally, the level 
of CSF p‑tau231 was reported to be correlated with neocortical 
neurofibrillary pathology in post‑mortem studies whereas there 
was no correlation for p‑tau181.[32,33]

There is limited evidence regarding the use of CSF p‑tau231 
as a biomarker for AD while some previous investigations 
represented this biomarker as a good diagnostic tool. 
Suárez‑Calvet et al.’s[8] study showed that CSF p‑tau231 
was elevated in the preclinical stages of AD (Aβ positive). 
Hampel et al.[34] demonstrated that p‑tau231 gave better results 
compared to t‑tau in the early detection of AD. The high level 
of CSF p‑tau231 is the result of the specific involvement 
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Figure 1: PRISMA diagram of the selection process. PRISMA: Preferred Reported Items for Systematic Reviews and Meta‑Analyses
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of the threonine 231 epitope in the pathology of AD and 
MCI. Furthermore, existing evidence demonstrated that CSF 
p‑tau231 levels might predict the degree of neuronal damage 
and atrophy in AD patients.

Based on several previous studies, p‑tau231 is a very specific 
marker for AD diagnosis.[19,28,35] However, another study 
demonstrated that CSF p‑tau231 did not differentiate AD from 
vascular dementia (VaD) while there was another study showed 
the opposite result.[18] Consequently, there is limited data on the 

Figure 2: Funnel plots of CSF p‑tau231 in AD compared to CN (a), AD 
compared to MCI (b), MCI compared to CN (c)

c

b

a
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use of CSF p‑tau231 to differentiate AD dementia from non‑AD 
dementia which should be considered in further studies.

We found that CSF p‑tau231 levels were higher in AD patients 
compared to NC. However, our results had high heterogeneity 

and our sample size was small. Therefore, these findings should 
be interpreted carefully. Additionally, AD patients are more 
likely to be older than MCI and NC individuals which might 
affect the results, and further study by controlling the effect 
of normal aging should confirm our findings.

Table 2: Risk of bias assessment among included studies

Study Risk of Bias Applicability Concerns

Patient 
Selection

Index 
Test

Reference 
Standard

Flow and 
Timing

Patient 
Selection

Index 
Test

Reference 
Standard

Brys et al., 2007       
Buerger et al., 2002  ?     
Buerger et al., 2004       
Buerger et al., 2005       
Hampel et al., 2001       
Hampel et al., 2004       
Kidmet‑Piskac et al., 2018       
Leko et al., 2016       
Leko et al., 2020       
Leon et al., 2004       
? Unclear Risk High Risk  Low Risk 

Figure 3: Forest plot of CSF p‑tau231 levels in AD compared to CN

Figure 4: Forest plot of CSF p‑tau231 levels in AD compared to MCI
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Hampel et al.[36] also suggested that p‑tau231 could be 
utilized as a biomarker to monitor AD progression and 
showed good discriminating power in comparing AD 
to frontotemporal dementia. The concentration of CSF 
p‑tau231 alone also showed a good correlation with disease 
progression in patients with AD.[19,20,35] In this meta‑analysis, 
we showed that CSF p‑tau231 levels were significantly 
higher in MCI patients compared to NC subjects. Similarly, 
Buerger et al. also showed that p‑tau231 levels were higher 
in MCI patients and were also negatively associated with 
their Mini‑Mental State Examination (MMSE) score, 
which indicated that p‑tau231 may be a good biomarker for 
screening cognitive decline.[35]

Currently, clinical and experimental findings support that the 
core AD biomarkers including CSF Aβ, T‑tau, and p‑tau can 
reflect AD’s key pathophysiological elements and provide 
diagnostically relevant information in the early stages of 
AD.[37] However, due to heterogeneity in the pathology of 
AD, there is a need for expansion of CSF and other types of 
biomarkers.

Limitations
Our study had limitations such as the laboratory 
variability (ELISA kits) among studies in CSF p‑tau231 
measurement that increased the heterogeneity and limited us 
to defining cutoff values. Also, there was a limited number of 
studies with a small sample size that evaluated CSF p‑tau231 
in AD and MCI. Another limitation was the similarity in the 
authors of the included studies. However, we included studies 
with different participants based on reference hospitals. 
Furthermore, there was variability in genetic background, 
change of diagnostic criteria for the MCI and AD over 
time, disease status, and presence of other comorbidities in 
participants. Another limitation that should be mentioned is 
the heterogeneity in MCI subjects while our entered studies 
mostly included all MCI subjects. MCI individuals without 
underlying AD pathology (non‑amnestic MCI) would not have 
high CSF AD biomarkers, and thus, this biomarker may not 
be helpful in differentiating non‑amnestic MCI from CN and 
AD dementia cohort.

concLusIon

P‑tau231 was observed to be a valuable biomarker for 
discrimination of AD, MCI, and NC based on our findings. 
This meta‑analysis showed that the CSF p‑tau231 can reliably 
differentiate AD patients from MCI and NC. Furthermore, 
based on our findings the CSF p‑tau231 can differentiate MCI 
from NC. Our findings showed a reliable result for p‑tau231 
as a biomarker for AD and MCI, and we believe that it can be 
added to the list of potential biomarkers for the diagnosis of 
AD and MCI in further studies. However, further longitudinal 
investigations that include CSF p‑tau231 and other accepted 
biomarkers are needed to confirm our findings in comparing 
the discriminating power of these biomarkers at the early 
stages of AD.

Data availability statement
The data used in this manuscript is openly available.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

RefeRences
1. Kukull WA, Bowen JD. Dementia epidemiology. Med Clin North Am 

2002;86:573‑90.
2. Fiest KM, Roberts JI, Maxwell CJ, Hogan DB, Smith EE, Frolkis A, 

et al. The prevalence and incidence of dementia due to Alzheimer’s 
disease: A systematic review and meta‑analysis. Can J Neurol Sci 
2016;43(Suppl 1):S51‑82.

3. Zuin M, Cervellati C, Trentini A, Passaro A, Rosta V, Zimetti F, 
et al. Association between serum concentrations of apolipoprotein 
A‑I (ApoA‑I) and Alzheimer’s disease: Systematic review and 
meta‑analysis. Diagnostics (Basel) 2021;11:984.

4. GBD 2016 Dementia Collaborators. Global, regional, and national 
burden of Alzheimer’s disease and other dementias, 1990‑2016: 
A systematic analysis for the Global Burden of disease study 2016. 
Lancet Neurol 2019;18:88‑106.

5. Swarbrick S, Wragg N, Ghosh S, Stolzing A. Systematic review 
of miRNA as biomarkers in Alzheimer’s disease. Mol Neurobiol 
2019;56:6156‑67.

6. Duquette A, Pernègre C, Veilleux Carpentier A, Leclerc N. Similarities 
and differences in the pattern of Tau hyperphosphorylation in 
physiological and pathological conditions: Impacts on the elaboration 

Figure 5: Forest plot of CSF p‑tau231 levels in MCI compared to CN



Nabizadeh, et al.: P‑tau231 as a Diagnostic Biomarker for Alzheimer’s Disease and Mild Cognitive Impairment

 Annals of Indian Academy of Neurology ¦ Volume 25 ¦ Issue 5 ¦ September‑October 2022 851

of therapies to prevent Tau pathology. Front Neurol 2020;11:607680.
7. West S, Bhugra P. Emerging drug targets for Aβ and tau in Alzheimer’s 

disease: A systematic review. Br J Clin Pharmacol 2015;80:221‑34.
8. Suárez‑Calvet M, Karikari TK, Ashton NJ, Lantero Rodríguez J, 

Milà‑Alomà M, Gispert JD, et al. Novel tau biomarkers phosphorylated 
at T181, T217 or T231 rise in the initial stages of the preclinical 
Alzheimer’s continuum when only subtle changes in Aβ pathology are 
detected. EMBO Mol Med 2020;12:e12921.

9. Mantzavinos V, Alexiou A. Biomarkers for Alzheimer’s disease 
diagnosis. Curr Alzheimer Res 2017;14:1149‑54.

10. DeKosky ST, Marek K. Looking backward to move forward: Early 
detection of neurodegenerative disorders. Science 2003;302:830‑4.

11. Jack CR Jr, Bennett DA, Blennow K, Carrillo MC, Dunn B, 
Haeberlein SB, et al. NIA‑AA research framework: Toward a biological 
definition of Alzheimer’s disease. Alzheimers Dement 2018;14:535‑62.

12. Lashley T, Schott JM, Weston P, Murray CE, Wellington H, Keshavan A, 
et al. Molecular biomarkers of Alzheimer’s disease: Progress and 
prospects. Dis Model Mech 2018;11:dmm031781.

13. Hampel H, Goernitz A, Buerger K. Advances in the development of 
biomarkers for Alzheimer’s disease: From CSF total tau and Aβ1‑42 
proteins to phosphorylated tau protein. Brain Res Bull 2003;61:243‑53.

14. Roe CM, Fagan AM, Grant EA, Hassenstab J, Moulder KL, 
Maue Dreyfus D, et al. Amyloid imaging and CSF biomarkers in predicting 
cognitive impairment up to 7.5 years later. Neurology 2013;80:1784‑91.

15. Petersen RC, Aisen P, Boeve BF, Geda YE, Ivnik RJ, Knopman DS, 
et al. Mild cognitive impairment due to Alzheimer disease in the 
community. Ann Neurol 2013;74:199‑208.

16. Ferreira D, Rivero‑Santana A, Perestelo‑Pérez L, Westman E, 
Wahlund LO, Sarría A, et al. Improving CSF biomarkers’ performance 
for predicting progression from mild cognitive impairment to 
Alzheimer’s disease by considering different confounding factors: 
A meta‑analysis. Front Aging Neurosci 2014;6:287.

17. Barthélemy NR, Mallipeddi N, Moiseyev P, Sato C, Bateman RJ. Tau 
phosphorylation rates measured by mass spectrometry differ in the 
intracellular brain vs. extracellular cerebrospinal fluid compartments 
and are differentially affected by Alzheimer’s disease. Front Aging 
Neurosci 2019;11:121.

18. Hampel H, Buerger K, Zinkowski R, Teipel SJ, Goernitz A, Andreasen N, 
et al. Measurement of phosphorylated tau epitopes in the differential 
diagnosis of Alzheimer disease: A comparative cerebrospinal fluid 
study. Arch Gen Psychiatry 2004;61:95‑102.

19. Buerger K, Teipel SJ, Zinkowski R, Blennow K, Arai H, Engel R, 
et al. CSF tau protein phosphorylated at threonine 231 correlates with 
cognitive decline in MCI subjects. Neurology 2002;59:627‑9.

20. Kiđemet‑Piskač S, Babić Leko M, Blažeković A, Langer Horvat L, 
Klepac N, Sonicki Z, et al. Evaluation of cerebrospinal fluid 
phosphorylated tau231 as a biomarker in the differential diagnosis 
of Alzheimer’s disease and vascular dementia. CNS Neurosci Ther 
2018;24:734‑40.

21. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items 
for systematic reviews and meta‑analyses: The PRISMA statement. 
BMJ 2009;339:b2535.

22. Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB, 
et al. QUADAS‑2: A revised tool for the quality assessment of diagnostic 
accuracy studies. Ann Intern Med 2011;155:529‑36.

23. Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from 
the median, range, and the size of a sample. BMC Med Res Methodol 
2005;5:13.

24. Buerger K, Otto M, Teipel SJ, Zinkowski R, Blennow K, DeBernardis J, 
et al. Dissociation between CSF total tau and tau protein phosphorylated 
at threonine 231 in Creutzfeldt‑Jakob disease. Neurobiol Aging 
2006;27:10‑5.

25. Buerger K, Teipel SJ, Zinkowski R, Sunderland T, Andreasen N, 
Blennow K, et al. Increased levels of CSF phosphorylated tau in 
apolipoprotein E epsilon4 carriers with mild cognitive impairment. 
Neurosci Lett 2005;391:48‑50.

26. Leko MB, Perkovic MN, Klepac N, Strac DS, Borovecki F, Pivac N, et al. 
IL‑1 beta, IL‑6, IL‑10, and TNF alpha single nucleotide polymorphisms 
in human influence the susceptibility to Alzheimer’s disease pathology. 
J Alzheimer’s Dis 2020;75:1029‑47.

27. Brys M, Pirraglia E, Rich K, Rolstad S, Mosconi L, Switalski R, et al. 
Prediction and longitudinal study of CSF biomarkers in mild cognitive 
impairment. Neurobiol Aging 2009;30:682‑90.

28. Hampel H, Buerger K, Kohnken R, Teipel SJ, Zinkowski R, Moeller HJ, 
et al. Tracking of Alzheimer’s disease progression with cerebrospinal 
fluid tau protein phosphorylated at threonine 231. Ann Neurol 
2001;49:545‑6.

29. Leko MB, Borovecki F, Dejanovic N, Hof PR, Simic G. Predictive 
value of cerebrospinal fluid visinin‑like protein‑1 levels for Alzheimer’s 
disease early detection and differential diagnosis in patients with mild 
cognitive impairment. J Alzheimer’s Dis 2016;50:765‑78.

30. De Leon MJ, Desanti S, Zinkowski R, Mehta PD, Pratico D, Segal S, 
et al. MRI and CSF studies in the early diagnosis of Alzheimer’s disease. 
J Intern Med 2004;256:205‑23.

31. Spiegel J, Pirraglia E, Osorio RS, Glodzik L, Li Y, Tsui W, et al. 
Greater specificity for cerebrospinal fluid P‑tau231 over P‑tau181 
in the differentiation of healthy controls from Alzheimer’s disease. 
J Alzheimers Dis 2016;49:93‑100.

32. Buerger K, Ewers M, Pirttilä T, Zinkowski R, Alafuzoff I, 
Teipel SJ, et al. CSF phosphorylated tau protein correlates with 
neocortical neurofibrillary pathology in Alzheimer’s disease. Brain 
2006;129:3035‑41.

33. Buerger K, Alafuzoff I, Ewers M, Pirttilä T, Zinkowski R, Hampel H. 
No correlation between CSF tau protein phosphorylated at threonine 
181 with neocortical neurofibrillary pathology in Alzheimer’s disease. 
Brain 2007;130:e82.

34. Hampel H, Bürger K, Pruessner JC, Zinkowski R, DeBernardis J, 
Kerkman D, et al. Correlation of cerebrospinal fluid levels of tau protein 
phosphorylated at threonine 231 with rates of hippocampal atrophy in 
Alzheimer disease. Arch Neurol 2005;62:770‑3.

35. Buerger K, Zinkowski R, Teipel SJ, Tapiola T, Arai H, Blennow K, 
et al. Differential diagnosis of Alzheimer disease with cerebrospinal 
fluid levels of tau protein phosphorylated at threonine 231. Arch Neurol 
2002;59:1267‑72.

36. Hampel H, Teipel SJ. Total and phosphorylated tau proteins: Evaluation 
as core biomarker candidates in frontotemporal dementia. Dement 
Geriatr Cogn Disord 2004;17:350‑4.

37. Blennow K, Zetterberg H. Biomarkers for Alzheimer’s disease: Current 
status and prospects for the future. J Intern Med 2018;284:643‑63.


