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1 | BACKGROUND

Methods: Participants (n = 59) were free of clinical dementia, age >70 years, and
scheduled for elective total knee or hip arthroplasties. Cerebrospinal fluid (CSF) was
collected at the time of induction for spinal anesthesia. CSF AD biomarkers were mea-
sured by enzyme-linked immunosorbent assay (ELISA) (ADX/Euroimmun); cut points
for amyloid, tau, and neurodegeneration (ATN) biomarker status were A = amyloid beta
(AB)4y <175 pg/mL or AB4y/40 ratio <0.07; T = p-tau >80 pg/mL; and N = t-tau >700
pg/mL. Confusion Assessment Method (CAM) and CAM-Severity (CAM-S) were rated
daily post-operatively for delirium and delirium severity, respectively.

Results: AB.,, tau, and p-tau mean pg/mL (SD) were 361.5 (326.1), 618.3 (237.1), and
97.1 (66.1), respectively, for those with delirium, and 550.4 (291.6), 518.3 (213.5), and
54.6 (34.5), respectively, for those without delirium. Thirteen participants (22%) were
ATN positive. Delirium severity by peak CAM-S [mean difference (95% confidence
interval)] was 1.48 points higher (0.29-2.67), P = 0.02 among the ATN positive. Delir-
ium in the ATN-positive group trended toward but did not reach statistical significance
(23% vs. 7%, p = 0.10). Peak CAM-S [mean (SD)] in the delirium group was 7 (2.8) com-
pared to no delirium group 2.5 (1.3), but when groups were further classified by ATN
status, an incremental effect on delirium severity was observed, such that patients who
were both ATN and delirium negative had the lowest mean (SD) peak CAM-S scores of
2.5 (1.3) points, whereas those who were ATN and delirium positive had CAM-S scores
of 8.7 (2.3) points; other groups (either ATN or delirium positive) had intermediate
CAM-S scores.

Discussion: The presence of AD biomarkers adds important information in predicting
delirium severity. Future studies are needed to confirm this relationship and to better

understand the role of AD biomarkers, even in pre-clinical phase, in delirium.

KEYWORDS
AD biomarkers, delirium

Although AD/ADRD was previously an entirely clinical diagnosis, a

conceptual shift has occurred such that AD is now considered on a con-

Delirium is an acute decline in cognition and attention, and is a
common complication of acute illness, trauma, and surgery in older
adults, associated with multiple adverse outcomes including increased
morbidity and mortality, falls, loss of cognitive and physical func-
tion, and independence.l™® In contrast, Alzheimer’s disease (AD)
and Alzheimer’s-related dementias (AD/ADRD) refer to an insidi-
ous neurodegenerative condition characterized by chronic and pro-
gressive cognitive decline. Both delirium and dementia are common
causes of cognitive impairment among older adults, and they share
a complex inter-relationship, occurring independently, concomitantly,
and/or interactively. Persons with AD/ADRD have a four- to five-
times increased risk of delirium, and the prevalence of delirium among
patients with AD/ADRD ranges from 22% to 89% of hospitalized, nurs-
ing home, and community-dwelling populations age 65 and older.*
Delirium in persons with AD/ADRD can have cumulatively worse out-
comes than either AD/ADRD or delirium alone, substantially increased
risk for death, functional dependence, placement in a nursing facility,

mortality, and accelerated cognitive decline.*~¢

tinuum, with identification of biological features (molecular pathology
or biomarkers) of AD even among cognitively normal individuals, prior
to the occurrence of any clinical symptoms. Three core cerebrospinal
fluid (CSF) biomarkers for the diagnosis of AD have been documented
previously, with reduced CSF levels of A4, and elevated CSF levels of
total tau (t-tau) and phosphorylated tau (p-tau) found in AD and mild
cognitive impairment (MCI) confirmed in many studies.” On the other
hand, CSF AD biomarkers in the context of delirium have yielded incon-
sistent findings. Some studies have shown that patients with delirium
have a reduced CSF AB4,/tau ratio,® or that patients without clinically
evident dementia who developed delirium had lower CSF ABy, levels,
higher t-tau levels, and lower ratios of Af4, to t-tau and p-tau relative
to those did not have delirium.? In contrast, other studies did not find
significant differences in pre-operative CSF AB4,, t-tau, and p-tau lev-
els between participants who did and did not develop delirium.©

In this article, we applied the ATN biomarker framework to dis-
tinguish AD from non-AD causes of cognitive impairment with three
types of biomarkers: beta amyloid (AB) deposition (A), pathologic tau
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(phosphorylated tau, T), and neurodegeneration (total tau, N).1* Our
aims are to determine whether positive CSF AD biomarkers, as defined
by ATN status, are associated with an increased risk of postoperative
delirium and delirium severity. We also examine whether the presence
of CSF AD biomarkers and delirium demonstrate a graded association
with delirium severity; that is, whether delirium severity scores are
lowest in AD biomarker-negative/delirium-negative individuals, inter-
mediate among individuals positive in one or the other, and highest in
individuals with both positive AD biomarkers and delirium.

2 | METHODS

2.1 | Study sample

The Role of Inflammation after Surgery for Elders (RISE) study is a
prospective observational cohort of older adults undergoing elective
knee or hip arthroplasty under spinal anesthesia. The study design
and methods have been described in detail previously.’? In brief, eli-
gible participants were age 70 years and older, English speaking, with
an anticipated length of stay in the hospital of at least 24 hours.
Total knee and hip arthroplasties were chosen for this study due to
their delirium risk and use of spinal anesthesia.’® Exclusion criteria
were evidence of active psychotic disorder, contraindication to spinal
anesthesia, including coagulation abnormalities, active anticoagulant,
or antiplatelet medications other than low-dose aspirin, current use
of oral steroids, and prior major lumbar spine surgery with instru-
mentation. A total of 65 patients met all eligibility criteria and were
enrolled between April 26, 2017 and February 13, 2019. Study sites
included three enrollment sites, the Beth Israel Deaconess Medical
Center (BIDMC), Brigham and Women'’s Hospital (BWH), and Brigham
and Women'’s Faulkner Hospital (BWFH), and the study-coordinating
center based at the Marcus Institute for Aging Research at Hebrew
SeniorLife (HSL), all in Boston, Massachusetts. Written informed con-
sent for study participation was obtained from all participants accord-
ing to procedures approved by the institutional review board of Part-
ners Healthcare System (BWH and BWFH), with ceded review from
BIDMC and HSL.

2.2 | Data collection

Participants underwent prescreening by telephone interview and med-
ical record review. Trained research associates conducted baseline
face-to-face interviews in the patient’s home 2 weeks before surgery,
including complete neuropsychological testing, from which a Gen-
eral Cognitive Performance (GCP) score was created.'* The GCP is a
weighted composite summary measure calibrated to a nationally rep-
resentative sample of adults age >70 years'® toyield amean score = 50
and SD = 10.1¢ Baseline interviews also included delirium assessment,
and hearing and vision screening, and collection of standardized infor-
mation on demographics, educational level, co-morbidities, medica-
tions, family history of dementia, tobacco and alcohol use, activities of

daily living (ADLs),'” instrumental activities of daily living (IADLs),*®

Clinical Interventions

RESEARCH IN CONTEXT

1. Systematic review: Persons with Alzheimer’s dis-
ease (AD) and AD-related dementias (ADRD) have an
increased risk for delirium, and delirium in persons with
AD/ADRD experience cumulatively worse outcomes than
AD/ADRD or delirium alone. Prior studies examining AD
biomarkers in delirium have been inconsistent.

2. Interpretation: Among patients without clinical demen-
tia who were amyloid, tau, and neurodegeneration (ATN)
biomarker-positive, delirium rate trended toward but did
not reach statistical significance. Delirium severity was
higher in ATN positive compared to those who were
ATN negative. Delirium severity scores were lowest in
ATN-negative/delirium-negative individuals, intermedi-
ate among individuals positive in one or the other, and
highest in individuals ATN positive/delirium positive. This
suggests that pre-clinical dementia biomarkers are asso-
ciated with delirium severity.

3. Future directions: Studies with larger and more diverse
cohorts will help confirm the findings reported here.
With a larger sample, effects of amyloid versus non-
amyloid pathology, and the relationship of delirium, ATN

biomarker status, and clinical outcomes can be examined.

Medical Outcomes Study Short-Form 12 (MOS SF-12) score,'? and
Geriatric Depression Scale.2°

Caregiver interviews conducted at baseline include the Informant
Questionnaire on Cognitive Decline in the Elderly (IQCODE),2! the
Family Confusion Assessment Method (FAM-CAM),22 and questions
about any recent changes in cognitive functioning. Following surgery,
from the first postoperative day through discharge, participants under-
went a 10- to 15-minute daily delirium assessment. The Confu-
sion Assessment Method (CAM),23 a well-validated and standardized
method for identification of delirium, with a sensitivity of 94% [95%
confidence interval [CI] 91-97], specificity of 89% (95% C| 85-94), and
inter-rater reliability of 0.70 to 1.00 was used to identify delirium daily
during the entire hospital stay.2* Patients were classified with delirium
if they had a positive CAM on any day throughout the hospital stay. The
CAM Severity score (CAM-S), ranging from O to 19 (19 = most severe),
was calculated using the long-form CAM assessment.2> Because a min-
imum of three features is required for CAM delirium, peak CAM-S
scores of O to 2 represent the group without CAM-defined delirium.
Some patients without delirium received scores >2 based on non-
specific delirium features (eg, disorientation, memory impairment, psy-
chomotor agitation), which can be present in conditions unrelated to
delirium.2é For this study, we examined delirium severity using the peak
CAM-S score (CAM-S peak), which is the highest value of CAM-S occur-
ring during the daily hospital assessments.2® Brief cognitive testing of
attention, orientation, and memory, and an adapted Delirium Symptom
Interview?” were all used to score the CAM and CAM-S.
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2.3 | Data management

Trained research associates were required to undergo 4 weeks of train-
ing and standardization on all study and interview procedures. Coding
questions, standardization, and missing data were discussed at weekly
staff meetings. Study data including interview and medical record
data were collected and managed using REDCap (Research Elec-
tronic Data Capture) electronic data capture tools hosted at Hebrew
SeniorLife.282? REDCap was also used to provide follow-up interview
timelines and to produce completion reports that are reviewed weekly
at the staff meeting. Missing data were closely monitored to assess for
coding errors and to verify absence of any systematic errors in data col-

lection.

2.4 | Laboratory procedures

CSF was acquired in the immediate pre-operative period during induc-
tion of spinal anesthesia (PREOP) by aspiration or gravity collection
directly into low-retention polypropylene collection tubes. Samples
were kept onice until pre-processing, and were frozen within 4 hours of
collection (in most cases <2 hours). To minimize cellular contamination
of CSF samples, the sample was centrifuged at 1000 relative centrifu-
gal force for 10 minutes at 4°C before being removed to a new tube for

storage in 0.5 mL aliquots at —80°C.

2.5 | Biochemical procedures

AD biomarkers ABs; and AB4o, and t-tau and p-tau (181) were
measured in CSF. Enzyme-linked immunosorbent assays (ELISAs)
(ADX/Euroimmun) of AB42, AB40, t-tau, and p-tau were run on an auto-
mated EUROAnalyzer | (Euroimmun, Lubeck, Germany) according to
the manufacturer’s protocol in the Alzheimer’s Clinical & Translational
Research Unit (ACTRU) at the Massachusetts General Hospital Insti-
tute for Neurodegenerative Diseases (MIND). The analytic and clinical
performance of all four AD biomarkers has been validated (and verified
in ACTRU) with average coefficients of variation (CVs) below 5% for all
four assays. CSF samples were thawed and clarified with brief centrifu-
gation, and inserted into the Eurolmmun Analyzer |, which performs
all assay steps. Three quality control samples (supplied in the kit) and
three reference pooled CSF samples (ACTRU biobank) were included
on each plate, to monitor and control for plate to plate variability. All
samples were run in duplicate. In this study mean duplicate CVs were
3.2% for AB4y, 5.1% for p-tau (181) and 3.8% for t-tau.

2.6 | Statistical analysis

Biomarker cut points were taken from a high contrast clinically defined
cohort using the Euroimmun AD platform in AD (n = 54) and non-
AD controls (n = 31). Both studies included analysis of the same ref-

erence pool samples, allowing for direct comparison of distributions.

Cut points for the CSF AD biomarkers were selected to maximize
specificity (96-100%), as our intent in the RISE study was to use ATN
biomarker status as an important stratification variable and not for
clinical diagnosis. The AD biomarker status was categorized as abnor-
mal (A+) if CSF Abgy <175 pg/mL or Abyy/ 49 ratio <0.07; tau was cat-
egorized abnormal (T+) if CSF p-tau was >80 pg/mL; and biomarker of
neuronal degeneration or neuronal injury was categorized as abnormal
(N+) if CSF t-tau was >700 pg/mL. Baseline demographics were com-
pared among different ATN groups using chi-square test for dichoto-
mous variables and analysis of variance (ANOVA) test for continuous
variables. An unadjusted generalized linear model with log link func-
tion was used to estimate the association between ATN biomarker sta-
tus and delirium incidence and severity. We used STATA Version 15 for
all statistical analyses; for these analyses, a two-sided P value of < 0.05

was used to indicate statistical significance.

3 | RESULTS

3.1 | Demographics

Characteristics of the full cohort are described in Table 1. Participants
(n=59) included older adults who were on average (SD) 75.1 (4.9) years
old at the time of study enrollment; 41 (69%) were women and 4 (7%)
were non-White. The sample was generally healthy, with only 7(12%)
with a Charlson Comorbidity Index score of >2. On average, partici-
pants had 15.5 (3.6) years of education and a baseline cognitive perfor-
mance of 59.4 (9.5) points on the general cognitive performance (GCP)
[national mean 50, standard deviation 10 points].}* Baseline Modified
Mini-Mental State (3MS) Examination score of <77, indicating cogni-
tive impairment, was observed in four patients (6%). Although none of
the characteristics were significantly different, there was more func-
tional impairment (ie, impairment with ADL and IADL), higher geri-
atric depression scores, and medical comorbidities in the negative ATN
group by standardized mean differences. Although we expected the
ATN-negative group to have fewer impairments, perhaps this is related
to a volunteer bias, where the patient defers having surgery until the
orthopedic issue affects functional status, or takes a more cautious

approach due to medical and psychiatric comorbidities.

3.2 | CSF biomarker distribution

Table 2 shows the distribution of the cohort by ATN status. Although
our initial intent was to use the ATN to identify patients with pre-
clinical AD, due to the small number of participants in the individ-
ual ATN groups, we elected to define patients either as biomarker-
negative (A"T°N"), while those with one or more biomarker present
(A*, T*, or N*) would be designated as ATN biomarker-positive, on
the assumption that any abnormal ATN biomarker is sufficient to iden-
tify brain vulnerability. By including the amyloid negative (A"T"N* and
A'TTNT) in taking this broad approach we hope to capture preclini-
cal AD/ADRD. Of the 59 participants enrolled in the study, 46 (78%)
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TABLE 1 Baseline patient characteristics
Total N=59 ATN positive N =13 ATN negative N =46 SMD
Age at surgery, years (SD) 75.1(4.9) 75.3(4.6) 75.0(5.0) 0.134
Female sex, no. (%) 41 (69) 9(69) 32(70) —0.007
Non-White, no. (%) 4(7) 1(8) 3(7) 0.044
Education, years (SD) 15.5(3.6) 16.4(2.4) 15.3(3.8) 0.277
Currently married/living with partner, no. (%) 33(56) 7 (54) 26(57) —-0.052
Lives in a nursing home, no. (%) 1(2) 0(0) 1(2) —-0.209
Lives alone, no. (%) 39 (66) 7 (54) 32(70) —-0.319
GCP score at baseline, score (SD) 59.4(9.5) 60.3(8.8) 59.2(9.8) 0.220
Any ADL impairment, no. (%) 4(7) 0(0) 4(9) —-0.432
GDS Score, score (SD) 1.9(2.1) 1.0(1.5) 2.1(2.1) —-0.432
Any IADL impairment, no. (%) 4(7) 0(0) 4(9) —-0.432
CCl >2, no. (%) 7(12) 1(8) 6(13) —-0.598
Surgery type, no. (%) -0.142
Total knee 33(56) 8(62) 25 (54)
Total hip 26 (44) 5(38) 21(46)
ABy4z pg/mL (mean) 531.2(297.9) 332.8(286.5) 587.2(279.1) —1.108
ABy/40 ratio 0.11(0.03) 0.07 (0.03) 0.12(0.03) —1.438
Tau, pg/ml (mean) 528.4(216.0) 802.8 (264.5) 450.9 (116.4) 2.275
p-tau, pg/mL (mean) 59.0(40.2) 111.9(55.4) 44.0(14.8) 1.953

ADLs = activities of daily living, CCl = Charlson Comorbidity Index, higher score predicts higher mortality; GCP = general cognitive performance, mean
score = 50, higher score is better; GDS = Geriatric Depression Scale, 0-15 points, higher is worse depression; IADL = instrumental activity of daily living;
M = mean, no. = number; SD = standard deviation; SMD = standardized mean difference.

TABLE 2 Distribution by ATN biomarker status

ATN Classification N=59,N (%)
Biomarker negative

AT N 46 (78%)
Amyloid pathology

A*T-N- 3(4%)
ATTHN- 2(3%)
ATT-N* 1(2%)
ATTHN* 4(7%)
Suspected Non-amyloid pathology

ATTHN- (0]
AT N+ 2(3%)
ATTTN* 1(2%)

ATN = amyloid, tau, and neurodegeneration.

The biomarker level of AB pathology was categorized as abnormal (A*) if
CSF AB4,<175 pg/mL or AB4y/40 ratio <0.07; biomarker of tau pathology
was categorized abnormal (T+) if CSF p-tau was >80 pg/mL; and biomarker
of neuronal degeneration or neuronal injury was categorized as abnormal
(N+) if CSF t-tau was >700 pg/mL.

were ATN biomarker-negative. Among the 13 (22%) who were ATN
biomarker-positive, 10 (17%) had amyloid biomarkers (A* with T+

and/or N*), whereas 3 (5%) were amyloid negative (A~ with TT and/or

N7). None of the participants had any known pre-existing dementia
after review of baseline neuropsychological testing, IQCODE scores,

and clinical adjudication.

3.3 | The relationship with delirium incidence and
severity

Six of 59 (10%) had CAM-positive delirium following surgery. This
delirium incidence is in line with other cohorts of elective orthope-
dic procedures3°3! and probably relates to use of spinal anesthesia
and/or improvements in post-operative delirium prevention. Individ-
uals who were ATN biomarker-positive (any pattern), compared with
those who were ATN biomarker-negative, experienced a higher rate
of delirium, but this difference did not achieve statistical significance
(23% vs 7%, P =0.10). Delirium severity was significantly higher among
ATN-positive individuals, with a mean difference (95% Cl) in peak
CAM-S points of 1.48 (0.29-2.67), P = 0.02 (Table 3).

We examined the distribution of peak CAM-S scores stratified by
ATN biomarker-positive (ATN+) or biomarker-negative (ATN-) sta-
tus and delirium presence (Del+) or absence (Del-) (Figure 1). There
was a gradient in scores observed, such that those who were both
ATN biomarker and delirium negative had the lowest mean (SD) peak
CAM-S scores at 2.5 (1.3), whereas those who were both ATN and
delirium positive had the highest peak mean (SD) CAM-S scores of
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TABLE 3 Delirium severity by ATN biomarker status

Total N =59
3.0(2.0)

Outcome

Peak CAM-S, long form, mean (SD)

Positive N =13
4.2(2.9)

Negative N = 46
2.7 (1.6)

Mean difference(95% Cl) P
1.48(0.29-2.67) .02

ATN = amyloid, tau, and neurodegeneration; CAM-S = Confusion Assessment Method - Severity; SD = standard deviation.
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FIGURE 1 Plot of Peak CAM-S Scores by ATN biomarker-positive

(ATN+) or biomarker-negative (ATN—) and delirium presence (Del+)
or absence (Del—). Peak CAM-S, ranging from O to 19, with higher
scores equaling greater delirium severity, is the highest single CAM-S
rating across all hospital days for each patient. Note that a minimum of
three features is required for CAM delirium; therefore peak CAM-S
scores of O to 2 represent no (CAM-defined) delirium; some patients
without delirium received scores >2 based on non-specific delirium
features (eg, disorientation, memory impairment, psychomotor
agitation), which can be present in conditions unrelated to delirium.
Black line indicates median score. Red = ATN—, Del— (n = 43);

Green = ATN—, Del+ (n = 10); Blue = ATN+, Del— (n = 3);

Purple = ATN+, Del+ (n = 3). ATN = amyloid, tau, and
neurodegeneration; CAM-S = Confusion Assessment
Method-Severity

8.7 (2.3). Those who were positive for either delirium or ATN but not
both had intermediate mean (SD) scores; specifically, ATN+ Del- had
a peak CAM-S score of 2.8 (1.1), and ATN- Del+ had a peak CAM-S
score of 5.3 (2.5). ANOVA demonstrated a P-value < 0.001, with sig-
nificant differences by post hoc t-tests, correcting for multiple compar-

isons, between all four groups.

4 | DISCUSSION

In this study of relatively healthy older adults without cognitive impair-
ment undergoing elective orthopedic surgery, the prevalence of both
amyloid and non-amyloid biomarkers as evidenced by positive CSF
ATN biomarker status was 22%. There was a trend toward higher rates
of delirium in the ATN+ group, but this did not achieve statistical sig-
nificance in this small sample. We found delirium severity to be asso-
ciated with positive ATN biomarker status. Because the peak CAM-
S score that we used for delirium severity may reflect sub-syndromal
delirium, or non-specific symptomes, it is possible to find an association

with delirium severity, but not delirium incidence, as seen here, but also

in our other work (ie,32). In the case of the ATN-positive population,
where the mean (SD) CAM-S score was 2.8 (1.1), we would not expect
a significant number of true delirium cases, but either subsyndro-
mal delirium or nonspecific symptoms, including memory impairment,
could be present and associated with the ATN-positive biomarker sta-
tus. Patients who were positive for ATN biomarkers and developed
delirium experienced a more severe delirium than patients who had
delirium but were ATN biomarker-negative. The observed gradient
effect suggests that when delirium occurs in individuals with any ATN
biomarker, this increases delirium severity beyond the level of either
delirium or ATN biomarkers alone.

We have previously hypothesized that delirium is triggered in the
setting of an underlying brain vulnerability, such as dementia or even
preclinical AD.33 It is not yet known whether preclinical dementia
is a more pronounced risk factor for delirium than those previously
described, or if there are other novel “vulnerability” factors that might
predispose toward the development of delirium. In our prior work,
when we examined the cortical thickness in “AD signature” brain region
by MRI, we also saw no association with delirium incidence, but the AD
signature was associated with greater delirium severity among those
who developed delirium.32 As with the present study, these results
suggest that perhaps underlying neurodegeneration due to preclin-
ical AD may serve as a vulnerability factor that increases severity
once delirium occurs. In prior work in RISE, we examined [11C]PBR28
positron emission tomography (PET) as a measure of neuroinflam-
mation, but we unexpectedly found that PBR28 binding in the brain
was globally downregulated at 1 month following major orthopedic
surgery, suggesting a paradoxical downregulation of the isotope bind-
ing in the brain. No significant relationship was identified between
post-operative delirium and [11C]PBR28 binding, possibly related to
the small number (n = 6) of delirium cases in the sample.3*

Prior studies have found a significant association between reduced
CSF AB4, and increased t-tau with delirium status in adjusted analyses
among patients without dementia, supporting the notion that preclini-
cal AD brain pathology may play a role in delirium pathophysiology.? A
recent study of older hip fracture patients found a higher than expected
prevalence of positive ATN biomarkers (89% of patients who had no
cognitive impairment), suggesting that a large proportion of individu-
als with hip fracture may have preclinical or prodromal AD; further-
more, the investigators hypothesized that postoperative delirium may
also be due to brain vulnerability reflected by underlying AD pathology
as well.%°

The strengths of our study include detailed clinical characteriza-
tion of the cohort, along with rigorous assessment of delirium sta-
tus. We used the ATN framework that follows the recommended
descriptive classification scheme for AD biomarkers. Finally, although
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biomarker-based prevalence estimates of preclinical AD have not yet
been established, a recent meta-analysis of longitudinal cohort stud-
ies identified a prevalence of 22%°3¢ similar to what we observed in our
cohort. However, a few limitations should be noted. The data suggest
that having positive ATN biomarker status increases the risk for delir-
ium following surgery, although this did not achieve statistical signif-
icance. The design of the RISE study intended to use ATN biomarker
status as animportant stratification variable, but given the expense and
complexity of the study, we were likely inadequately powered to exam-
ine statistical differences,? and larger patient cohorts are needed to
confirm the findings reported here. With a larger sample, we would also
be able to examine the effects of amyloid (A*TN) versus nonamyloid
biomarker status (A"T*N*, A"T"N*, or A"T*N"), as well as to examine
the relationship of delirium and ATN biomarker status with clinical out-
comes, such as long-term cognitive decline and other post-surgical out-
comes. Our ATN schema was defined based on CSF biomarkers only,
since it was not feasible to include a neuroimaging marker within the
design of the study. Confirmation of our approach with imaging mea-
sures will be an important area for future research. Finally, although
the cut offs for abnormal biomarkers were rigorously established on
population-based samples in our reference lab for this study, we can-
not exclude the possibility that the prevalence of abnormal biomark-
ers may vary over different populations and individuals possessing

biomarker values close to the cut points.

5 | CONCLUSION

In summary, we found that individuals without dementia but with
biomarkers based on an ATN paradigm experienced non-significantly
higher rates of delirium after total joint replacement surgery, with sig-
nificantly greater delirium severity. If confirmed with additional stud-
ies, these findings would provide supporting evidence that preclinical
dementia may contribute to delirium pathophysiology.
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