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Abstract.
Background: Cerebrospinal fluid (CSF) biomarkers of amyloid-�42 (A�42) and phosphorylated-tau help clinicians accurately
diagnose Alzheimer’s disease (AD). Whether biomarkers help prognosticate behavioral and psychological symptoms of
dementia (BPSD) is unclear.
Objective: Determine whether CSF biomarker levels aid prognostication of BPSD in AD.
Methods: This retrospective cohort study included patients over 65 with a diagnosis of AD based on CSF biomarkers. We
measured time from CSF testing to the first antipsychotic use in the following months. We then analyzed time to antipsychotic
(AP) use with respect to A�42, total tau, phosphorylated tau, and amyloid-to-tau index using a survival analysis approach.
Results: Of 86 AD patients (average 72 ± 5 years, 46.5% male), 11 patients (12.7%) received APs following CSF testing.
Patients with A�42 below the median had sooner time-to-AP use. This was significant on a log-rank test (p = 0.04). There
was no difference in time-to-AP use if the group was stratified by levels of total tau, phosphorylated tau, or amyloid-to-tau
index.
Conclusion: These results suggest a relationship between lower CSF A�42 levels and sooner AP use. This supports prior
reports suggesting a correlation between BPSD and A� deposition on PET. These results highlight the need for further
prospective studies on A� levels and BPSD.
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INTRODUCTION

Behavioral and psychological symptoms of
dementia (BPSD) are a common feature of
Alzheimer’s disease (AD). BPSD is a broad term
encompassing the spectra of agitation, psychosis,
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and mood disorders that often complicate dementia.
These symptoms can be chronic or, in the case of
delirium, acute [1]. They occur in 90% of demen-
tia patients over five years, cause significant patient
and caregiver burden, and are a frequent precipi-
tant of institutionalization [2]. First-line interventions
depend on the phenotype of BPSD but are typically
non-pharmacologic, given the lack of effective treat-
ment options and potential for serious side effects, as
outlined in the recent Delphi consensus guidelines.
They recommend antipsychotics (AP) as first-line
pharmacotherapy for psychosis and second-line for
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agitation without psychosis [3]. AP medications are
commonly prescribed despite their well-publicized
risks of increased mortality and cardiovascular events
in the elderly, as outlined in the FDA black box
warning, in addition to other side effects such as
extrapyramidal symptoms and drowsiness.

A majority of patients with AD will eventually
develop psychosis as part of their dementia, and the
psychosis portends more severe dementia with more
rapid decline [4]. Non-pharmacologic measures are
often inadequate alone, or the potential for physical
harm due to BPSD may be great, prompting the need
for medications. Due to the high incidence of BPSD
and lack of treatment alternatives, many patients are
prescribed an antipsychotic at some point in their
disease. A 2017 meta-analysis found a pooled preva-
lence of antipsychotic use to be 27.3% in individuals
with dementia [5].

Frequent use of APs and their potential for seri-
ous adverse events make this class of medications a
critical consideration when counseling patients about
BPSD and AD prognosis. Correspondingly, AP use
is an important clinical outcome that may serve as a
proxy for particularly challenging cases of BPSD in
retrospective studies seeking to guide prognosis.

Prognostication has been historically elusive in
AD. While AD biomarker testing has revolutionized
the in-vivo diagnosis of AD through measurements
of amyloid-�42 (A�42) and tau, guiding prognosis
with biomarkers is only in nascent stages. As such,
the relationship between AD biomarkers and antipsy-
chotic use is relatively unexplored. Investigators have
examined the relationship between AD pathology and
BPSD by measuring depression, apathy, psychosis,
and agitation. These studies had small sample sizes
and primarily utilized PET tracers [6–9], which pro-
vide valuable data on cortical A�42 and tau but are
not used regularly in clinical practice [10–12].

CSF measurements of amyloid and tau are a com-
mon in vivo diagnostic approach to AD. However, a
PubMed search on January 24, 2022 using medical
subject headings (MeSH) “((“Cerebrospinal Fluid”
[MeSH]) AND “Alzheimer Disease” [MeSH]) AND
(“Behavioral Symptoms” [MeSH] OR “Depres-
sion” [MeSH] OR “Depressive Disorder” [MeSH]
OR “Aggression” [MeSH] OR “Depressive Disor-
der, Major” [MeSH] OR “Psychomotor Agitation”
[MeSH] OR “Delirium” [MeSH] OR “Apathy”
[MeSH] OR “Psychotic Disorders” [MeSH] OR
“Hallucinations” [MeSH])” only revealed 5 papers,
none of which were relevant to clinical prognosis.
Through further review, we found one paper looking

at the longitudinal change in CSF following adminis-
tration of risperidone versus galantamine found that,
compared to baseline, levels of CSF A�42 were lower
following administration of risperidone [13].

There appears to be a gap in the literature regard-
ing CSF biomarkers of AD and BPSD. Filling this
gap may help expand our use of CSF AD biomarkers
beyond diagnosis and into personalized prognosis for
AD. This retrospective analysis attempts to explore
the relationship between CSF biomarkers of AD
and antipsychotic use in patients with a definitive
AD diagnosis through a survival analysis approach.
Based on the link between tau deposition, clinical
symptoms, and structural changes in the brain [10,
11, 14], along with widespread reports of normal cog-
nition in the setting of amyloid deposition [11, 15,
16], we hypothesized that elevated Tau would predict
sooner time to antipsychotic use.

MATERIALS AND METHODS

Our cohort was generated from an existing
database of all patients over 65 with a chart diagnosis
of Alzheimer’s type dementia (as defined previously
in a large validated database) [17], seen at North-
western Memorial HeathCare in Chicago, IL, USA
between May 2005 and March 2018. This database
was developed by the study authors to understand
local patterns of antipsychotic use and was cre-
ated through a query of Northwestern’s enterprise
data warehouse (EDW). This retrospective study was
approved by the Northwestern University Institu-
tional Review Board through an expedited review
and was exempt from individual patient consent
requirements. We excluded patients with a diagno-
sis of schizophrenia, schizotypal disorder, bi-polar
disorder, or psychotic illness due to other primary
psychiatric diseases, patients enrolled in palliative
care, patients with tracheostomy or PEG-tube, or
those with a pervasive developmental disorder. From
this database, we focused on the subsection of
patients with a biomarker diagnosis of AD on CSF
as part of their clinical care.

AD biomarker testing at our hospital is performed
using the ADMark® sandwich ELISA assay for phos-
phorylated tau (P-tau 181), total tau (T-tau), and A�42
performed by Athena Diagnostics (Worcester, MA,
USA). This assay has been well validated in research
and clinical settings [18]. The results reported by the
laboratory also include an index of the ratio of A�42 to
P-tau, called the amyloid-to-tau index (ATI) [18]. All
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CSF biomarkers were tested during routine clinical
practice by cognitive neurologists at Northwestern
Memorial Hospital’s Neurobehavior and Memory
clinic. The samples are stored in polypropylene tubes,
frozen, and shipped to Athena diagnostics soon after
collection. At the laboratory, samples are thawed and
processed using separate ELISA antibodies for each
test component. The ELISA is run a second time if
the referral laboratory notes quality control issues or
aberrant results. This is rare and, to our knowledge,
was not required for any of the samples reported in
our final analysis.

Based on CSF results, we excluded patients whose
biomarkers were negative for the diagnosis of AD,
despite a diagnosis of AD recorded in the electronic
medical record (which may reflect an error in the
record, so-called “chart lore”). Patients with bor-
derline or indeterminate CSF values were included,
given that all patients were diagnosed in consultation
with a behavioral neurologist using their best clinical
judgment.

After identifying this cohort of confirmed AD
patients, we conducted a chart review to record
patients’ Montreal Cognitive Assessment (MoCA) or
Mini-Mental State Exam (MMSE) performed in the
clinic before CSF testing. These values were not eas-
ily obtained through an EDW query and thus required
chart review. To assist in the retrospective comparison
of initial cognitive function between patients, MoCA
scores were converted to the equivalent MMSE score,
based on the ADNI study [19].

We compared the values of A�42, P-Tau, T-Tau,
and ATI between patients who received an antipsy-
chotic at any point following their lumbar puncture
using a Mann-Whitney U test of statistical signif-
icance. However, we need to account for variable
follow-up in our retrospective study by performing
a survival analysis with censoring. We did this by
stratifying our cohort by each CSF laboratory result
to perform four separate survival analyses. We strati-
fied patients by median split for A�42, T-tau, P-tau, or
ATI. A median split was chosen because separating
the cohort by interquartile ranges was limited by the
small number of endpoint events in each group. For
the survival analysis, we used Kaplan-Meier plots to
compare the time to first antipsychotic use follow-
ing CSF testing. The data of each survival curve was
tested for statistical significance using a log-rank test.

If the log-rank test was statistically significant, we
looked to see if baseline characteristics could explain
the difference. We compared nominal features using
a Chi-square test and quantitative data using a Mann-

Whitney U or linear regression tests to determine
statistical significance. Due to our results on the log-
rank tests, this was performed only for our cohort as
grouped by A�42 level. We used an alpha of 0.05 as
our threshold for statistical significance for all anal-
yses.

For statistical analysis, we used open-source
packages for Python 3.7.3. Survival analysis was per-
formed using Lifelines v0.25.7 [20]. Other tests of
statistical significance were performed using SciPy
v1.5.4 [21].

RESULTS

We identified 108 patients that received CSF test-
ing for AD with a chart diagnosis of AD throughout
our entire hospital system between 2012 and 2018.
After excluding patients with negative CSF biomark-
ers, we identified 86 AD patients for our retrospective
analysis.

Of those patients, 11 received an antipsychotic pre-
scription in the months following their procedure. Of
these 11 patients, the average time from CSF test-
ing to antipsychotic prescription was 397 ± 493 days.
The average MMSE score and standard deviation at
the time of testing were 24 ± 4.5 indicating that the
population overall had a mild degree of impairment.
The average levels of CSF biomarkers for the entire
group are given below in Table 1. Looking at the entire
cohort, it appeared that antipsychotic use was asso-
ciated with lower A�42 and correspondingly lower
ATI. However, as noted previously in the methods,
this does not account for variable follow-up with cen-
soring, so a survival analysis was needed to confirm
these results.

If our cohort was stratified by the level of P-tau,
T-tau, or ATI levels (using a median split), there was
no significant difference in time to antipsychotic use
by a log-rank test. Only when patients were stratified
by levels of A�42 was there a statistically significant
difference (Table 2). With a median split for CSF
levels of A�42, the lower group had an average A�42
level of 254 ± 74 pg. The group with higher levels
of A�42 had an average level of 504 ± 83 pg. The
survival curve comparing these two groups is found in
Fig. 1. To see if other available variables could explain
time to antipsychotic use, we compared demographic
data and MMSE scores between the two groups. No
statistically significant difference in these variables
was found (Table 3).
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Table 1
Levels of CSF AD Biomarkers, Entire Group, and Antipsychotic (AP) versus No AP

CFS Component Level (pg,±SD) Entire Cohort (n = 86) No AP (n = 75) AP (n = 11) p (AP versus no AP)

A�42 383 ± 148 401 ± 150 296 ± 108 0.013
P-Tau 97 ± 38 97 ± 35 110 ± 55 0.302
T-Tau 668 ± 316 665 ± 311 764 ± 361 0.215
ATI 0.42 ± 0.19 0.43 ± 0.20 0.30 ± 0.16 0.025

Table 2
Results of a Log-rank Test for Time to
Antipsychotic Use Following Testing

CSF Biomarker Level p

A�42 0.04
P-Tau 0.70
T-Tau 0.54
ATI 0.21

Fig. 1. Kaplan-Meier survival analysis of time-to-antipsychotic
use following testing of AD biomarkers. The group with the lower
A�42 is in blue, while the higher-A�42 group is in orange. The
shaded regions represent the 95% confidence intervals. Patients
in the lower A�42 group had sooner time-to-AP use which was
confirmed with a log-rank test (p = 0.04).

In total, 9 patients in the group with lower
A�42 received an antipsychotic, but only 2 in the
higher group. Of those patients who received an
antipsychotic, the average time to prescription was
428 ± 538 days in the lower A�42 group. In the

higher A�42 group, the time to antipsychotic use
was 256 ± 244 days. While these results may seem
to contradict the results of the log-rank test, these
numbers only reflect those patients who received an
antipsychotic and not the likelihood of the group, as
a whole, to receive an antipsychotic over time. The
large standard deviation for time to antipsychotic use
is accounted for by a skewed distribution of time to
prescription with a long rightward tail.

DISCUSSION

Our findings add to a growing literature on BPSD
and its relationship to biomarkers of Alzheimer’s
disease. Initially, we hypothesized that tau would
most closely associate with symptoms, given existing
models of disease [10, 16, 22, 23]. This theory was
supported by an earlier 2008 study by Skogseth et al.
[24], showing an association between higher levels of
tau in CSF and apathy. Another study showed CSF tau
levels were associated with neuropsychiatric symp-
toms [23]. We were surprised by our conclusions,
but other investigators have observed a relation-
ship between A�42 and neuropsychiatric symptoms
[6–9].

Though our results add to evidence of a connection
between A�42 and neuropsychiatric symptoms, our
study differed from previous research on BPSD and
biomarkers in several ways. First, we looked only at
patients with confirmed AD and did not use disease
stage in our inclusion criteria (as opposed to MCI,
pre-symptomatic AD, or patients with biomarker-

Table 3
Demographic Characteristics of the Lower A�42 versus Higher A�42 Group

A�42 Low (n = 43) A�42 High (n = 43) p

% M 51.20% 41.86% 0.20
% Non-white 16.3% 25.5% 0.51
Avg Age at CSF 72.0 ± 5.9 73.1 ± 4.4 0.76
MMSE 24.1 ± 4.3 23.9 ± 4.9 0.35
CCIDX 3.09 ± 2.55 3.09 ± 2.36 0.49
% On Cognitive Enhancer 97.7% 95.3% 0.83
No MMSE 4 2 0.71

Patient Characteristics by A�42 Level (Median Split). MMSE, Mini-Mental Status Exam;
CCIDX, Charlson Comorbidity Index.
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proven A�42 deposition without pathologic levels
of phosphorylated-tau). However, based on average
MMSE scores, our population appeared to be in the
milder stages of disease. Secondly, most other studies
utilized amyloid PET imaging, not CSF, which, with-
out confirmation of neurofibrillary tangle pathology,
precludes a definitive diagnosis of AD.

Our study most closely approximates the 2008
Skogseth et al. paper [24], which looked at CSF
biomarker levels in 32 patients with confirmed AD
but, unlike tau as mentioned earlier, did not find an
association between A�42 levels and neuropsychi-
atric symptoms. However, the authors looked for an
association between symptoms and biomarker levels
at a single point in time, while our paper used a sur-
vival analysis approach to assist in prognostication.
Also, their CSF assay differed from the commercial
Athena assay used in our retrospective study. At the
time of the 2008 study, CSF AD biomarkers were in
their nascent stages, only utilized in research and not
available for routine clinical use.

We believe the distinction between CSF and PET
biomarker studies is important. While the current
cutoffs for CSF A�42 correlate well with positivity
on A�42 PET [25] and A�42 deposition on autopsy,
the precise level of A�42 in CSF may reflect indi-
vidual physiology of CSF flow/A�42 clearance or
an equilibrium between serum and CSF A�42 levels
independent of plaque deposition [26]. Thus, unlike
A�42 PET, low A�42 on CSF is not a direct measure-
ment of cortical amyloid plaque burden and instead
represents a measurement of the dynamic, multi-
faceted process of CSF A�42 clearance.

Limitations

Our approach had several limitations, however.
First, because this is a retrospective analysis, we can-
not control for confounding variables such as APOE
status or more detailed assessments of psychiatric
status at the time of antipsychotic use. Though we
excluded patients with premorbid borderline person-
ality disorder, schizophrenia, or psychosis due to
primary medical illness, we could not control for the
use of other psychiatric medications, which were not
included in our query. We focused on antipsychotics
because their use suggests more disruptive, challeng-
ing to treat agitated or psychotic behaviors, which we
feel has more prognostic utility.

Furthermore, in our cohort, the number of patients
who subsequently used an antipsychotic was small,
limiting our ability to do subgroup analysis. The

small number of endpoint events likely reflects that
all patients included in this study were followed at a
subspecialty cognitive neurology practice where pre-
scribers are sensitive to the risks of antipsychotics,
and social strategies are considered first-line. Also,
CSF biomarkers do not provide anatomic informa-
tion. Our institution makes regular clinical use of CSF
biomarkers and is thus a good target for data mining
of local electronic medical records.

Conclusions

Our study found that AD patients with lower CSF
amyloid may have sooner time to antipsychotic use,
suggesting a more aggressive course of BPSD. How-
ever, we cannot comment on the influence of location
and degree of A�42 plaque deposition. With that in
mind, the results of this study more accurately sug-
gest that the physiology of amyloid clearance into
CSF may play a role in the development of BPSD.

Besides a greater understanding of the pathophys-
iology of AD, further study of these biomarkers may
also help clinicians provide a personalized medicine
approach to prognostication, but more extensive
prospective studies are needed. Expanding use of
AD biomarkers beyond diagnosis is in early stages
but may also help with tracking treatment responses,
and increase the economic value of testing [27].
With CSF physiology in mind, future studies look-
ing at fluid biomarkers of AD may also benefit
from tandem investigation of processes essential to
amyloid clearance such as sleep, glymphatic func-
tion, APOE status, blood-brain barrier integrity, and
anti-amyloid medications. With the recent approval
of aducanumab and lecanemab by the FDA, this
research also highlights the importance of follow-
ing behavioral outcomes in clinical trials targeting
amyloid.
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