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IMPORTANCE The emergence of psychotic symptoms in Alzheimer disease (AD) is associated
with accelerated cognitive and functional decline that may be related to disease pathology.

OBJECTIVE To investigate the longitudinal dynamics of plasma tau phosphorylated at
threonine 181 (p-tau181) and neurofilament light chain protein (NfL) levels in association with
the emergence of psychotic symptoms (delusions and hallucinations) in the context of AD.

DESIGN, SETTING, AND PARTICIPANTS This cohort study used longitudinal data from the
Alzheimer Disease Neuroimaging Initiative (ADNI). Baseline analyses compared patients with
mild cognitive impairment (MCI) and AD (both with psychosis [AD+P] and without psychosis
[AD-P]) and participants who were cognitively unimpaired (CU). For the longitudinal analysis,
participants with MCI and AD were subdivided into patients with evidence of psychosis
at baseline (AD+P baseline) and patients free of psychosis at baseline who showed incidence
of psychosis over the course of the study (AD+P incident). Study data were analyzed between
June and November 2023.

EXPOSURES Plasma p-tau181 and NfL measures in individuals with MCI and AD, both with and
without psychosis.

MAIN OUTCOMES AND MEASURES Plasma p-tau181 and NfL quantifications up to 48 months
and concurrent assessments of presence or absence of delusions and hallucinations via the
Neuropsychiatric Inventory (NPI) questionnaire.

RESULTS The cohort included 752 participants with AD (mean [SD] age, 74.2 [7.7] years; 434
male [57.7%]). A total of 424 CU participants had a mean (SD) age of 75.4 (6.6) years of whom
222 were female (52.4%). In the longitudinal analysis of p-tau181 trajectories of the AD+P
group, the group of patients who showed incidence of psychosis over the course of follow-up
(AD+P incident) demonstrated an associated increase in plasma p-tau181 levels compared
with the group of patients who had psychosis at baseline (AD+P baseline) and showed an
associated decrease in plasma p-tau181 levels (F4, 117 = 3.24; P = .01). The mean slope of
p-tau181 change was significantly different in AD+P incident and AD+P baseline groups
(F5,746 = 86.76, P < .0001) and when only individuals with amyloid-β positivity (Aβ+), which
was determined using positron emission tomography, were compared (F5,455 = 84.60,
P < .001). Patients who experienced psychosis at any time had increased levels of NfL
relative to those who never experienced psychosis.

CONCLUSIONS AND RELEVANCE Results of this cohort study suggest that the emergence
of psychosis in AD was associated with elevations in plasma levels of p-tau181, highlighting
the potential utility of plasma p-tau181 as a biomarker of neuropsychiatric illness in AD, which
could have implications for predictive and treatment response strategies.
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P sychotic symptoms that occur in the context of
Alzheimer disease (AD) dementia have an estimated
prevalence of approximately 40%.1 The emergence of

psychotic symptoms including delusions and/or hallucina-
tions in AD is associated with an accelerated cognitive and
functional decline, caregiver burden, and a hastened
mortality2 that may reflect a more aggressive neurodegen-
erative process. Recently, we reported that increased reten-
tion of the tau positron emission tomography (PET) ligand
fluorine 18 (18F)-AV1451 (flortaucipir) is associated with
psychosis in AD and a more rapid cognitive and functional
decline.3

Minimally invasive, ultrasensitive plasma immunoas-
says that have increased accessibility and avoid the high
cost of biomarker imaging have emerged as crucial tools to
detect and track the progression of neuropathological pro-
cesses associated with AD neurodegeneration.4 Plasma tau
phosphorylated at threonine 181 (p-tau181) is consistently
increased early in AD. PET imaging studies have demon-
strated that elevated plasma p-tau181 levels not only predict
AD-associated tau pathology but are a very robust indicator
of amyloid pathology as well.5,6 Neurofilament light chain
protein (NfL) is a cytoskeletal protein whose elevation in
plasma is believed to be a marker of axonal damage found in
a variety of neurodegenerative disorders, including AD.7 It
has very recently been reported that among diverse neu-
robehavioral impairments in AD, increases in plasma NfL
level may be specifically associated with psychosis.8 To our
knowledge, no previously published studies have investi-
gated the longitudinal association between levels of plasma
p-tau181 and AD psychosis. In the current study, we investi-
gated the longitudinal association between plasma levels of
p-tau181 and NfL and the presence or emergence of delu-
sions and hallucinations in AD to determine whether eleva-
tions in peripheral p-tau181 and NfL concentrations have
utility as a biomarker of psychotic symptoms in AD.

Methods
Participants
Participants from the Alzheimer Disease Neuroimaging
Initiative (ADNI) with a diagnosis of AD or mild cognitive
impairment (MCI) at baseline were included in the study.
The data were downloaded in June 2023. Participants with
MCI or AD were distributed in 2 groups according to pres-
ence or absence of psychosis via the Neuropsychiatric
Inventory (NPI) presence of delusions or hallucinations:
(1) participants with MCI and AD without psychosis over the
course of the study (AD-P) and (2) participants with MCI and
AD with psychosis at any time point over the course of the
study (AD+P). An additional group of cognitively unim-
paired (CU) participants was also included for comparative
purposes on baseline assessments. To understand the longi-
tudinal dynamics of p-tau181 level in association with psy-
chosis in AD, we further subdivided the AD+P group into
patients with MCI and AD who showed evidence of psycho-
sis at baseline (AD+P baseline), and patients with MCI and

AD who were free of psychosis at baseline and showed inci-
dence of psychosis over the course of the study (AD+P inci-
dent). Regional ethical committees of all participating insti-
tutions approved the ADNI protocol. Participant race and
ethnicity data were not gathered for this study because this
information was not deemed relevant for the analyses/
findings reported. All study participants provided written
informed consent. This study followed the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guidelines.

Plasma p-Tau181 and NfL Quantifications
Plasma samples within ADNI were collected from 2007
through 2016. p-Tau181 levels were analyzed by the single
molecule array (Simoa) technique (Quanterix Corp), using
an in-house assay developed in the Clinical Neurochemistry
Laboratory, University of Gothenburg, Gothenburg, Swe-
den. The assay uses a combination of 2 monoclonal antibod-
ies (tau12 and AT270) and measures N-terminal to mid-
domain forms of p-tau1816. NfL concentrations were also
measured by Simoa platform using an in-house kit.9 Longi-
tudinal plasma p-tau181 and NfL quantifications were moni-
tored for up to 48 months of follow-up and were log trans-
formed for all the analyses.

Statistical Analysis
Comparisons between groups at baseline in continuous
demographic and clinical status variables were performed
using generalized linear models (GLMs) adjusted for mul-
tiple comparisons using Bonferroni correction, and χ2 tests
were used for comparisons in categorical variables. A linear
mixed-effects (LME) model was fit to analyze the longitudi-
nal p-tau181 trajectories in the AD+P subgroups, AD+P base-
line group, and AD+P incident group with random inter-
cepts and slopes. LME analyses included age, sex, and
education as covariates, using residual (restricted) maxi-
mum likelihood estimation and assuming an unstructured
covariance matrix. Plasma p-tau181 rate of change within
groups (β slopes) was computed as averaged individual
slopes from LME models that included random intercepts
and slopes. All P values were 2-sided, and P <.05 was con-
sidered statistically significant. Data analysis was per-
formed using SAS Studio, version 9.04.01 (SAS Institute).

Key Points
Question Are longitudinal changes in levels of plasma tau
phosphorylated at threonine 181 (p-tau181) and neurofilament
light chain protein (NfL) associated with the emergence
of psychotic symptoms in the context of Alzheimer disease (AD)?

Findings In this cohort study of 752 patients with mild cognitive
impairment (MCI) and AD, the emergence of psychotic symptoms
(delusions and hallucinations) was associated with increases
in plasma p-tau181 and NfL levels.

Meaning Findings suggest that plasma levels of p-tau181 and NfL
may be used as a biomarker for psychosis in MCI and AD, with
potential implications for disease monitoring and treatment
strategies.
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Results

The cohort included 752 participants with AD (mean [SD]
age, 74.2 [7.7] years; 318 female [42.3%]; 434 male [57.7%]).
An additional group of 424 CU participants (mean [SD] age,
75.4 (6.6) years; 222 female [52.4%]; 202 male [47.6%])
were also included in the study. The demographic and clini-
cal description of the groups is in the Table. At baseline,
AD+P participants (those who already had psychosis and
those destined to develop psychosis over the course of
study follow-up) had elevations of plasma p-tau181 and NfL
levels. Specifically, AD+P participants (both at baseline and
incident) had significantly increased levels of p-tau181 and
NfL compared with both CU and AD-P groups, whereas the
AD-P group had higher p-tau181 and NfL levels than the CU
group (p-tau181 post hoc Bonferroni-adjusted statistical

comparison of P <.001 and NfL post hoc Bonferroni-
adjusted statistical comparison of P <.001) (eFigure in
Supplement 1). Separating those who had psychosis at the
baseline visit in the AD+P group from those who did not
have psychosis but would develop it over the course of
follow-up (incident psychosis) revealed that the emergence
of psychosis was associated with increases in p-tau181 level
building toward the psychotic episode, whereas those who
already had psychosis exhibited declining p-tau181 levels
over time (Figure 1, A) (F4, 117 = 3.24; P = .01), a trend that
was not significant when including only those with imaging
evidence of amyloid positivity (Figure 1, B). In the complete
AD sample, p-tau181 levels in those with no psychosis over
the course of the study (AD-P) remained lower and did not
exhibit significant changes over time relative to the AD+P
groups (Figure 1, C), an outcome that was diminished in
those with confirmed amyloid positivity (Figure 1, D). The

Table. Demographic, Biomarker, and Clinical Characteristics

Variable
CU
(n = 424) AD-P (n = 631)

AD+P incident
(n = 73)

AD+P baseline
(n = 48) Statistical test P value

Post hoc comparison
(Bonferroni adjusted)

Age, mean (SD), y 75.37 (6.61) 73.44 (8.06) 73.14 (8.14) 76.05 (6.92) F3, 1172 = 7.00 <.001 CU>AD-Pa

CU>AD+P incidentb

AD-P < AD+P baselineb

AD+P incident<AD+P baselineb

Sex, male/female
(% male)

202/222
(47.6)

368/263
(58.3)

40/33 (54.8) 26/22 (54.2) χ2 = 11.66 .009 CU vs AD-Pa

Education,
mean (SD), y

16.55 (2.59) 16.04 (2.75) 15.63 (2.55) 15.75 (2.97) F3, 1172 = 4.65 .003 CU>AD-Pb

CU>AD+P incidentb

Plasma p-tau181,
mean (SD), pg/mLc,d

15.20 (8.61) 18.90 (10.19) 21.17 (9.41) 25.73 (11.24) F6, 1169 = 22.85 <.001 CU<AD-Pa

CU<AD+P incidenta

CU<AD+P baselinea

AD-P < AD+P incidentb

AD-P < AD+P baselinea

Plasma NfL,
mean (SD) [No.],
pg/mLc,d

38.05 (17.57)
[421]

40.67 (19.48)
[623]

45.39 (19.53)
[72]

50.32 (17.93)
[47]

F6, 1156 = 88.87 <.001 CU<AD-Pa

CU<AD+P incidenta

CU<AD+P baselinea

AD-P < ADP incidente

AD-P < AD+P baselinee

APOE ε4 allele
carriers, No. (%)

114 (26.9) 291 (46.1) 50 (68.5) 34 (70.8) χ2 = 81.71 <.001 CU<AD-Pa

CU<AD+P incidenta

CU<AD+P baselinea

AD-P < ADP incidenta

AD-P < AD+P baselinea

Aβ status,
negative/positive
(% positive)f

205/181
(46.89)

226/363
(61.63)

8/60 (85.24) 1/38 (97.44) χ2 = 73.06 <.001 CU<AD-Pa

CU<AD+P incidenta

CU<AD+P baselinea

AD-P < ADP incidenta

AD-P < AD+P baselinea

CDR-SB,
mean (SD)c

0.16 (0.66) 2.23 (2.17) 3.83 (2.29) 5.40 (3.03) F6, 1169 = 119.33 <.001 CU<AD-Pa

CU<AD+P incidenta

CU<AD+P baselinea

AD-P < AD+P incidenta

AD-P < AD+P baselinea

AD+P incident<AD+P baselinea

MMSE, mean (SD)
[No.]c

28.95 (1.34)
[423]

26.72 (3.31) 25.45 (3.37) 22.63 (5.41) F6, 1168 = 65.13 <.001 CU>AD-Pa

CU>AD+P incidenta

CU>AD+P baselinea

AD-P > AD+P incidenta

AD-P > AD+P baselinea

AD+P incident>AD+P baselinea

Abbreviations: Aβ, amyloid β; AD+P, Alzheimer disease with psychosis;
AD-P, Alzheimer disease without psychosis; CDR-SB, Clinical Dementia Rating
Sum of Boxes; CU, cognitively unimpaired; GLM, generalized linear model;
MMSE, Mini-Mental State Examination; NfL, neurofilament light chain protein;
p-tau181, tau phosphorylated at threonine 181; PET SUVR, positron emission
tomography standardized uptake value ratio.
a P < .001.
b P < .05.

c GLM adjusted by age, sex, and education.
d Plasma p-tau181 and NfL log transformed values were used in the GLM

analysis.
e P < .01.
f Based on florbetapir (AV45) PET SUVR greater than 1.11 or florbetaben (FBB)

PET SUVR greater than 1.08 at any time point along the study.

Research Brief Report Psychosis in Alzheimer Disease and Elevations in Disease-Relevant Biomarkers

836 JAMA Psychiatry August 2024 Volume 81, Number 8 (Reprinted) jamapsychiatry.com

© 2024 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by UCSF LIBRARY user on 08/21/2024

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2024.1389?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2024.1389
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2024.1389


Figure 1. Longitudinal Plasma Phosphorylated Tau 181 (p-Tau181) Levels
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A, Longitudinal plasma p-tau181 comparison between Alzheimer disease (AD) +
psychosis (P) groups. B, Longitudinal plasma p-tau181 comparison between
amyloid-β positive (Aβ+) AD+P groups. C, Longitudinal plasma p-tau181
comparison between AD-P and AD+P groups. D, Longitudinal plasma p-tau181
comparison between amyloid-β positive (Aβ+) AD-P and AD+P groups.
Log-transformed values were used in the statistical analysis. For panels A-D,
lines represent least square means (LSM), and error bars represent SEs of the
mean from the linear mixed-effects model. E, Mean β slope comparison
between AD-P, AD+P incident, and AD+P baseline groups. F, Mean β slope
comparison between amyloid-β (Aβ+) AD-P, AD+P incident, and AD+P baseline
groups. For panels E-F, bars represent LSM from the generalized linear model
analysis adjusted by age at baseline, sex, and education. Error bars represent SE

of the mean. AD+P baseline indicates AD with psychosis at baseline; AD+P
incident indicates AD with incident psychosis; AD-P indicates AD without
psychosis.
aAD-P vs AD+P incident P < .05.
bAD-P vs AD+P baseline P = .001.
cAD-P vs AD+P incident P < .001.
dAD-P vs AD+P incident P = .001.
eAD-P vs AD+P incident P < .01.
fAD-P vs AD+P incident P = .01.
gAD-P vs AD+P baseline P < .05.
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difference in the p-tau181 slopes between these 3 groups
was statistically significant (F5,746 = 86.76; P < .001)
(Figure 1, E), including in those with confirmed amyloid
positivity (F5,455 = 84.60; P < .001), corroborating the differ-
ent longitudinal trajectories in plasma p-tau181 level
between the AD groups with psychosis at baseline and inci-
dent psychosis and between those with and without psy-
chosis at any time. Although there were no significant dif-
ferences in plasma levels of NfL between those with
baseline and incident psychosis (Figure 2, A and B), those
who had psychosis at any time had increased levels of NfL
relative to those who never had psychosis (Figure 2, C), an
outcome similarly diminished by amyloid positivity
(Figure 2, D). More details on study data analyses and
results are available in the eAppendix in Supplement 1.

Discussion

This cohort study revealed that those with AD who already
had or would develop psychosis over the course of longitu-
dinal follow-up had associated cross-sectional elevations in
the plasma concentration of p-tau181 and NfL in comparison
with those with AD who did not have psychosis. Addition-
ally, the longitudinal trajectories of plasma p-tau181 levels
distinguished those who already had psychosis at baseline
from those who would develop psychosis, with concentra-
tions building before the onset of psychosis and then declin-
ing. The outcomes were diminished when including only
those with amyloid positivity. This may reflect the inadver-
tent inclusion of those with other p-tau181–impacting

Figure 2. Longitudinal Plasma Neurofilament Light Chain Protein (NfL) Levels
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A, Longitudinal plasma NfL level comparison between Alzheimer disease (AD) +
psychosis (P) groups. B, Longitudinal plasma NfL level comparison between
amyloid-β positive (Aβ+) AD+P groups. C, Longitudinal plasma NfL level
comparison between AD-P and AD+P groups. D, Longitudinal plasma NfL level
comparison between amyloid-β positive (Aβ+) AD-P and AD+P groups. For
panels A-D, log-transformed values were used in the statistical analysis. Lines
represent least square means, and error bars represent SEs of the mean from
the linear mixed-effects model. AD+P baseline indicates AD with psychosis at
baseline; AD+P incident indicates AD with incident psychosis; AD-P indicates
AD without psychosis.

aAD-P vs AD+P incident P < .01.
bAD-P vs AD+P baseline P = .01.
cAD-P vs AD+P incident P < .001.
dAD-P vs AD+P incident P = .001.
eAD-P vs AD+P baseline P < .01.
fAD-P vs AD+P baseline P < .05.
gAD-P vs AD+P incident P < .05.
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amnestic tauopathies that could be confused with mild AD,
such as primary age-related tauopathy,10 in which plasma
p-tau181 levels have recently been shown to be lower than
in AD.11

Strengths and Limitations
The strengths of this study were the detailed clinical charac-
terization of the sample and longitudinal quantifications of
plasma proteins over 4 years. One limitation was the lack of
availability of plasma levels of p-tau217 in the current

sample, as p-tau217 has been shown to have increased
specificity in distinguishing AD from other tauopathies.11

Conclusions
The results of this retrospective longitudinal cohort study sug-
gest that the emergence of psychosis in AD was associated with
elevations in plasma levels of p-tau181, indicating that p-tau181
may have value as a biomarker of neuropsychiatric illness in AD.
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