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Abstract

OBJECTIVES: To identify whether delirium biomarkers aligned with the National Institute on
Aging-Alzheimer’s Association (NIA-AA) research framework, a conceptual model which
describes the use of diagnostic biomarkers for Alzheimer’s disease and other related dementias
(ADRD).

DESIGN: Systematic review following PRISMA guidelines
SETTING: Acute care and outpatient settings
PARTICIPANTS: Adults diagnosed with delirium

METHODS AND MEASUREMENTS: MEDLINE, Psycinfo, Embase, and the Cochrane
Library were searched for English-language studies published from January 2010 to February
2020. Studies included adults older than 18 years, identified delirium with a standardized
assessment tool, and measured an ADRD biomarker. Independent reviewers determined whether
an association between delirium and ADRD biomarker was found, the quality of biomarker data
based on the REMARK checklist, and the study bias based on the Newcastle Ottawa Scale.

RESULTS: A total of 61,256 citations were identified; 113 studies were included. Most studies
did not examine amyloid, tau, or neurodegeneration biomarkers. Delirium may be associated with
neurodegeneration biomarkers, but few to no studies found an association with amyloid and tau
biomarkers. Delirium was not consistently associated with inflammatory biomarkers. The quality
of biomarker data was moderate, and the risk of bias was moderate to high. Studies often did not
collect pre- and post-hospital cognitive data.

CONCLUSION: Most delirium diagnostic biomarker studies did not measure amyloid, tau,
and/or neurodegenerative biomarkers, making characterization of the relationship between
delirium and ADRD difficult. Future delirium biomarker diagnostic studies could improve the
understanding of pathophysiologic links between delirium with other conditions affecting
cognition.

Keywords

delirium; Alzheimer’s disease; mild cognitive impairment; preclinical Alzheimer’s disease;
biomarkers; inflammation; neuroimaging

INTRODUCTION

The National Institute on Aging-Alzheimer’s Association (NIA-AA) research framework
describes a novel concept of diagnosing Alzheimer’s disease (AD) by using disease state
biomarkers, which are classified into the categories amyloid (A), tau (T), and
neurodegeneration (N).1 This research framework represents a paradigm shift from the
traditional diagnostic approach of AD based on clinical symptoms towards a biologically
driven approach designed to detect AD pathophysiology in its earliest stages before
symptoms arise. One possible application of this framework is the early detection of
neurodegenerative processes in those diagnosed with neuropsychiatric disorders which are
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associated with a higher risk of Alzheimer’s disease and other related dementias (ADRD).
One such disorder may be delirium. Delirium is defined as an acute change in attention and
consciousness with a fluctuating course, and affects 14-56% of all hospitalized older adults
and costs the US $152 billion each year.2=3 Patients who experience an episode of delirium
are at a higher risk of developing subsequent ADRD.4-6

Better characterization of this interrelationship could advance our understanding of whether
the pathophysiology of delirium overlaps with ADRD. To more deeply understand how well
integrated the literature for delirium disease state biomarkers is with the NIA-AA
framework, we conducted a systematic review on disease state biomarkers of delirium and
examined their alignment with the NIA-AA framework.

METHODS
Eligibility and Search Strategy

PRISMA guidelines were followed to design and conduct this systematic review.”~8 Ovid
MEDLINE, Psyclnfo, Embase, and the Cochrane Library were searched from January 1,
2000, through February 20, 2020, using a combination of controlled vocabulary and
keyword terms developed in collaboration with a medical librarian and content experts in
ADRD and delirium. The overall search strategy was designed to ensure citations included
both the concept of delirium and AT(N)-X (X = other) biomarkers. The complete list of
search strategies and a flow diagram are provided in Supplementary Table S1 and Figure 1.

Study inclusion criteria were: 1) age = 18 years old, 2) used standardized delirium screening
tools or diagnostic assessments, and 3) biomarker measurements listed in NIA-AA
framework (Supplementary Table S1). Study exclusion criteria were: 1) delirium not
included or measured using standardized screening tools or diagnostic assessments, 2) Age <
18 years old, 3) biomarker measurements not aligned with AT(N)-X categories
(Supplementary Table S1), 4) primary focus on delirium in the following contexts: 4a)
premorbid or comorbid ADRD (/.e. delirium superimposed on dementia); 4b) psychiatric
disorders (e.g. alcohol dependence, alcohol withdrawal, major depressive disorder, bipolar
disorder, and psychotic disorders) 4c) central nervous system disorders other than ADRD;
4d) terminal illness (palliative care or hospice services); 4e) persistent delirium (etiology
may be different); 4f) long-term care settings; 4g) risk of delirium; 5) non-human studies;
and 6) non-English articles.

Study Selection

The study selection procedures were conducted with independent, blinded reviewers and
discrepancies were evaluated by consensus panels. Following exclusion of citations based on
title and abstract review, the full-text was independently assessed for the primary outcomes
(associations between delirium and biomarkers) and secondary outcomes (quality of the
studies and risk of bias). Included and excluded studies are illustrated per PRISMA in Figure
1.
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Primary Outcome

Primary outcome was defined as the association between delirium and the AT(N)-X
biomarkers. For the determination of the association between delirium and the biomarker,
each biomarker was categorized by the biomarker group (A, T, N, X), the method of
measurement, and the presence or absence of a statistically significant association (p < 0.05).
Subcategories of X included inflammation, vascular, synucleinopathy, frontotemporal
dementia, endothelial cell-cell adhesion molecule (EC-CAM) and neuronal function.

Secondary Outcomes

The secondary outcomes were: 1) the quality of studies and risk of bias, 2) description of
delirium assessment, and 3) description of pre- and post-hospital cognitive assessments.
Study quality was determined using two measurements, the REMARK (REporting
recommendations for tumour MARKer prognostic studies) checklist and the Newcastle
Ottawa Scale (NOS). Two quality scales were chosen because the modified REMARK
checklist is focused on the quality of methodology, reporting, and interpretation of
biomarker studies, whereas the NOS focused on cohort study design and risk of bias.®-11
Modifications were made to the REMARK checklist to account for differing biomarker
measurements, including neuroimaging and electroencephalography. A 25-point scale to
measure REMARK study quality was used (Supplementary Table S2). The quality of a study
per REMARK checklist score was categorized as follows: 1) low < 12.5 points, 2) moderate
12.5-18.75 points, and 3) high > 18.75 points. Information about study design, including
selection of subjects, comparability of findings, and determination of exposure to delirium,
were extracted per the NOS guidelines for cohort and case control studies. A 9-point scale
was used to determine the study quality and categorized as follows: 1) low < 5 points, 2)
moderate 5-7 points, and 3) high > 7 points.12

The mean, standard deviation (SD), and range for the REMARK checklist and NOS scores
were calculated for all 113 studies and for each of the AT(N)-X biomarker. SPSS 26.0 did
the analysis.

The following data were extracted to describe delirium assessment: tool(s) used, frequency
of assessment, who conducted the assessment, and characterization (/.e. subtypes, severity,
and duration) and its relationship with biomarker(s). The following data were extracted to
describe pre-hospital cognitive assessment: if completed (yes/no), approach used (e.g. chart
review, structured tool and/or neuropsychological testing), and whether consensus was
completed. Post-hospital cognitive assessment (yes/no) was extracted.

RESULTS

Study Selection

One hundred thirteen full text articles were selected for inclusion. The initial search resulted
in 61,256 titles, with 452 identified for full-text review as detailed in Figure 1.
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Study Characteristics

Association

The study designs included 7 clinical trials (2 randomized controlled trial (RCT), 5
secondary analysis of an RCT), 89 prospective cohort studies, 4 case-control studies, 4
retrospective chart reviews, and 9 other types (Supplementary Table S3). These studies
included 13,809 participants, of which 9,174 (66.4%) had delirium. Studies were conducted
mostly in Europe (V= 57, 50.4%) and North America (V= 31, 27.4%), and in urban areas
(V= 87, 77.0%) at academic hospitals (7= 97, 85.8%) (Supplementary Table S3). Studies
were divided between intensive care unit (ICU) (7= 55, 48.7%) and non-ICU settings (V=
58, 51.3%)). Of the included studies, 75.2% (/= 85) reported medical comorbidities, 65.4%
(N=T74) reported a severity of illness measurement, 19.4% (N = 22) reported education
levels, and 6.2% (N = 7) studies reported on race/ethnicity with mostly Caucasian subjects
(no delirium = 80-98%, delirium = 51-100%). Types of biomarker measurements included
fluid biomarkers (blood-based and CSF, A/= 80, 70.8%), neurcimaging (V= 11, 9.7%),
post-mortem examination (V= 3, 2.7%), electroencephalography (V= 19, 16.8%), and one
study combined fluid biomarkers with EEG.13

between Delirium and Biomarkers

Table 1 summarizes the presence or absence of significant associations between ATN(X)
biomarkers with delirium. Associations between biomarkers and delirium for individual
studies and quality of studies are listed Supplementary Tables S4-S7. Twenty-three studies
(20.4%) investigated at least one biomarker within the amyloid4-21 (A, N = 8), taul’21 (T,
N = 4), and neurodegenerationl416.17.21-35 (N /= 18) framework. Three out of the eight
studies reported a significant association between delirium and amyloid biomarkers. No
studies reported a significant association between delirium and tau biomarkers. Thirteen out
of 18 studies (72.2%) reported a relationship between delirium and various
neurodegeneration biomarkers.

The majority of included studies examined “X” biomarkers, which were divided into the
following subcategories: inflammation13-16.18.22-25,27-30.32 (p/= 76), vascularl®-21:34 (N/=
6), synucleinopathy9:20 (/= 2), frontotemporal dementia (FTD) (V= 1), endothelial cell-
cell adhesion molecule (EC-CAM) (N = 1), neuronal function (V= 22), and sleep (V= 4).
(Details about X biomarkers are listed in Supplementary Table S5-8.)

Only six inflammatory biomarkers had 15 or more studies: interleukin (IL)-1p1416.18.32
|L-613-16.18.28,32 | _814.32 tymor necrosis factor (TNF)-a 1416 |L-1014.16 CRP14.15.18.25
and S100B14:22-2528.30 Three inflammatory biomarkers showed minimal associations with
delirium (<25% reported positive relationship): 1) IL-1p (3/19, 15.8%); 2) tumor necrosis
factor (TNF)-a (5/21, 23.8%); and 3) IL-10 (3/15, 20%). S-100B was equivocal (9/19,
47.3%). Three inflammatory biomarkers showed a moderate trend (>50% reported a positive
relationship) towards an association with delirium: 1) 1L-6 (18/31, 58.1%); 2) IL-8 (9/16,
56.3%), and; 3) C-reactive protein (CRP) (22/37, 59.5%). Three out of six studies found a
relationship between delirium and vascular biomarkers. Other less frequently occurring
biomarkers are described in the supplementary material (Supplementary Table 6). There
were no associations between delirium and markers of synucleinopathy or EC-CAM.
Nineteen out of twenty-two studies examining synaptic function found an association
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between delirium and EEG (17/19, 89%) or fMRI (2/3, 67%) biomarkers. Two out of four
actigraphy studies found a relationship between delirium and measures of sleep. (Details
about X biomarkers are listed in Supplementary Table S5-8.)

Quality of Studies and Assessment of Risk Bias

The studies were of moderate quality, as indicated by mean scores (SD) of 15.68 (3.76) for
the REMARK checklist and 6.68 (1.48) for NOS indicating a potential for moderate to high
risk of bias. REMARK checklist items most often not reported include sample size
calculations, statistical methods including the handling of missing data, cut-off points for
biomarkers, and effect sizes of findings (Supplementary Figure S1).

Moderate study quality was indicated in most AT(N)-X categories (mean (SD) REMARK
and NOS): Amyloid 17.25 (2.24) and 7.50 (0.93); Tau 18.00 (1.78) and 7.25 (0.96);
Neurodegeneration,16.69 (3.27) and 6.57 (1.29). And for the X category: Inflammation
(15.39 (3.71) and 6.77 (1.48)), neuronal function (15.20 (3.60) and 6.36 (1.50), and sleep
(14.75 (6.59) and 5.75 (2.87)) categories. High study quality was indicated for vascular
(19.67 (1.33) and 6.83 (0.41)), synucleinopathy (19.25 (1.77) and 6.50 (0.71)), FTD (18.50
(2.83) and 7.50 (0.71)), and EC-CAM (17.50 and 7.00).

Table 2 shows the numbers of studies with significant associations aligned with the AT(N)-X
framework, categorized by REMARK and NOS scores for studies. Supplementary Tables
S4-S7 show the REMARK and NOS individual scores for studies.

Delirium Assessment

The Confusion Assessment Method (CAM, N = 46) or one of its variants (CAM-ICU (V=
46) and 3D-CAM (/N = 2)) were the most commonly used delirium assessments (83.2%).
Delirium administration in general care was approximately once a day, whereas for the ICU
setting it was 1-2 times per day. The median duration for delirium assessments for both
general and ICU settings was 6 days. 46.0% of studies (V= 52) reported the duration of
delirium assessment and 66.4% of studies (V= 75) reported who conducted the delirium
assessment. Geriatricians were more frequently reported conducting assessments in general
care compared to ICU (16.7% vs 0.0%), and bedside clinicians were more frequently
reported to do assessments in ICU compared to non-1CU (28.2% vs 5.6%). Only 32.7% (N =
37) of studies collected additional information about delirium subtypes (V= 16, 14.2%), or
examined the association between delirium severity (V= 21, 18.6%) or duration (M= 12,
10.6%) and biomarkers. Supplementary Tables S9-S11 describe further information on
types of validated delirium tools used, frequency of delirium assessment, and personnel
conducting assessments.

Cognitive Assessment

Supplementary Table S12 provides detailed information about pre- and post-hospital
cognitive assessments. Pre-existing cognitive status was assessed in 62.8% (A= 71). These
studies used at least one of the following approaches: a validated tool (/A = 45), informant
report (1= 31), or medical history review (N = 16). The Informant Questionnaire on
Cogpnitive Decline in the Elderly (IQCODE) (N = 27) and Mini-Mental State Examination
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(MMSE) (V= 25) were most frequently used assessment tools for pre-hospital cognition.
Post-hospital cognition was assessed in 12.4% (/N = 14) studies. Figure 2 shows completion
for pre-hospital and post-hospital cognitive assessments for the AT(N) and inflammatory
biomarker categories.
DISCUSSION

The NIA-AA framework was designed to provide a deeper understanding of the
pathophysiology of Alzheimer’s disease. While epidemiologic studies suggest Alzheimer’s
disease and other related dementias are connected to other disorders such as delirium and
depression, understanding these relationships through the lens of the NIA-AA framework is
in the early stages. This systematic review identified 113 delirium biomarker studies that
aligned with the NIA-AA framework. However, only 20% of these studies measured
amyloid, tau, and/or neurodegeneration biomarkers. Most studies examined “X” category
biomarkers, most notably inflammatory cytokines. Moderate study quality and risk of bias
were identified largely due to incomplete methodology and insufficient reporting of study
conduct. This review identified important limitations to current delirium biomarker
literature. More thorough characterization of delirium in the context of the AT(N) framework
and standardized methods for biomarker data collection and for pre-and post-hospital
cognitive assessment would enrich the understanding of the biological relationship between
delirium and ADRD.

Delirium and NIA-AA Framework

The included studies suggest a potential relationship between delirium and
neurodegeneration processes associated with ADRD. There is minimal support for a
relationship between amyloid and delirium and no support for tau, as there were few studies
that evaluated the relationship between delirium and these two categories of the NIA-AA
framework. No studies examined biomarkers simultaneously in all of the AT(N) categories,
precluding a deeper understanding of how the NIA-AA framework fits into the
pathophysiology of delirium. Furthermore, the post-hospital course is incomplete since there
were few longitudinal studies. Another methodological challenge is the navigation and
balance of rigorous delirium assessment and thorough AD biomarker measurement. For
example, while post-mortem studies are generally considered to be the gold standard
biomarker for AD research, in these studies, researchers relied on patient and caregiver
reports and medical chart documentation to diagnose delirium.12:20 This may lead to an
underestimation of delirium prevalence and disproportionate representation of hyperactive
delirium. Conversely, Simons et al. performed the CAM-ICU multiple times a day, which
has higher validity for delirium assessment than chart review and informant reports and
obtained a temporal course of biomarkers.16 However, the biomarkers were blood-based.
Although the sensitivity of amyloid blood-based biomarkers is significantly improving, the
test characteristics remain lower than brain-based biomarkers and post-mortem studies.
Additionally, the timing of delirium assessments and biomarker collection were unclear in
most studies. As the key features of delirium include an acute onset and fluctuating course,
understanding the temporal relationship between the onset and resolution of symptoms and
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biomarkers is important. Overcoming these challenges will be critical to elucidating
relationships between delirium and AT(N) biomarkers.

Delirium Etiologic Hypotheses

Neuroinflammation is one of the central hypotheses of delirium, which posits that an acute
peripheral event, such as infection or surgery, triggers a systemic inflammatory response.
The acute peripheral response leads the activation of microglia in the central nervous system
resulting in neuroinflammation and symptoms of delirium.® Three biomarkers show a
moderate positive associative trend with delirium; IL-6, IL-8, and C-Reactive Protein (CRP).
Each of these biomarkers has been tied to the neuroinflammatory pathway and
neurodegeneration, not only in delirium, but also in ADRD and other neurodegenerative
disorders.19-23 While these studies demonstrate a plausible pathway from delirium to
continued neurodegeneration, it is important to consider the limitations. The included studies
are limited by moderate study quality and risk of bias, are blood-based, and provide
moderate support for involvement of one or more inflammatory pathways in the
neuroinflammatory hypothesis of delirium. Few studies examined cerebrospinal fluid
biomarkers and obtaining these data will be crucial to better understanding
neuroinflammatory pathways and involvement. Further, future studies should consider
measuring delirium severity and duration and exploring different subgroups and phenotypes
of delirium. Both of these metrics provide the opportunity to investigate dose-dependent
relationships between biomarker levels and the intensity of the delirious episode, as shown
by recent studies.24-25

Electrophysiological studies investigating the underlying connectivity hypotheses of
delirium have proliferated in recent years, with ten studies published in 2019. While a
number of these studies’ central aim is to identify signature cortical patterns to identify or
diagnose delirium, findings also reveal important insights into the neurobiological responses
that are elemental to delirium.38 One of these insights is that cortical slow wave activity is a
hallmark of delirium.3” A critical step in moving delirium etiology work forward will be the
multimodal integration of biomarker measurement to begin to understand the
interconnectedness of connectivity and neuroinflammation. A recent published study
focused on the Cognitive Disintegration Theory of delirium demonstrates this approach,
reporting that changes in connectivity significantly correlated with delirium severity, IL-10,
and monocyte chemoattractant protein.38-39 NIA-AA framework may be a useful theoretical
construct to methodically characterize current and novel biological pathways linking
delirium and neurodegenerative processes in future research.

Implications for Future Study Design and Reporting

Figure 3 outlines the future directions for study design and reporting to better align delirium
biomarkers with the NIA-AA framework. Longitudinal studies that incorporate rigorous
measurement of pre- and post-cognition, delirium (incidence, severity, duration, and
subtypes), and multimodal biomarker measurement are needed to move the science
connecting delirium with ADRD forward. This systematic review identified four major areas
that will need to be addressed to advance this research including: 1) methodology of
biomarker collection and analysis including temporal relationships and reporting of results;
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2) methodology to address heterogeneity of studied populations; 3) need for refinement of
clinical presentations and measurements of delirium in relation to biomarkers; and 4)
concurrent, longitudinal characterization of cognitive symptoms and biomarkers.

Methodology of biomarker collection, analysis, and reporting needs to be standardized for
delirium biomarker studies. This review was not able to synthesize findings because of the
inconsistencies in reporting and methodology in delirium biomarker studies. These findings
are supported by a recent systematic review and a subsequent study outlining best practice
methods for delirium biomarker studies through a three-round Delphi survey.#0-41 Future
studies also need to consider the temporal relationship between biomarker measurement,
delirium onset and resolution.

Methodology to address heterogeneity of studied populations is needed, because it remains
unclear whether different precipitants of delirium (infection versus surgery) result in
differing pathophysiology, e.g. postoperative delirium in a fairly healthy older adult versus a
younger ICU patient with a complicated medical course. Future studies should consider
focusing on a specific patient population, using statistical methods to control for differences,
or using matched case-control design in a limited resource environment.42

The included studies used validated tools to identify delirium. Future studies need to
continue this practice and incorporate refined measures of delirium. Few studies have
examined the relationship between delirium subtypes, phenotypes, severity, duration, coma
and biomarkers.16:23:32,60,80.123 The few that did investigate subgroups highlight important
underlying relationships. Simons et al. found an association between Tau/Ap1_4» biomarker
for the hypoactive delirium subtype, but not other delirium subtypes.18 Regarding cognitive
subgroups, Idland et a/. found differences in CSF measurements of AB1_47 and AB42/ABx-40
for premorbid non-demented subjects who had delirium but not those with premorbid
dementia.1” These subgroup differences highlight the importance of delirium subgroup or
phenotype characterization along with premorbid cognitive status when examining
biomarker relationships.

Finally, longitudinal studies which characterize pre- and post-hospital cognition and
concurrent ADRD biomarker measurements will provide invaluable insight about the
context in which delirium occurs. Longitudinal characterization of pre-hospital biomarker
and cognitive status may clarify whether the observed differences represent true disease-
state biomarkers of delirium versus pre-existing differences and if delirium is “priming” the
brain for future neurodegeneration.

Strengths and Limitations

Strengths of this study are the inclusion of studies that used standardized assessments of
delirium, application of the PRISMA guidelines, and rigorous evaluation of study quality
and risk of bias using two standardized reporting guidelines. Nevertheless, there were some
limitations. Although we tried to develop a comprehensive list of AT(N)-X biomarkers, the
framework itself is still evolving, with new biomarkers being constantly added. Likewise,
despite creating an exhaustive list of X biomarkers for delirium, we cannot exclude the
possibility of addition of new X biomarkers to the field of delirium biomarkers since our
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search term list was developed. The modification of the REMARK biomarker checklist for
delirium studies may have also influenced the results. Despite us making only minor
changes to the REMARK checklist, with the anticipated growth of the number of delirium
biomarker studies, a standardized REMARK biomarker checklist developed by a Delphi
method of consensus would ensure consistent grading for future systematic reviews. This
systematic review was also limited by selection bias as non-English studies were excluded,
and the majority of the studies were conducted in the U.S. and Europe at an academic
medical center.

Only few studies have examined the role of AD biomarkers in other disorders such as
depression and delirium. This study is consistent with a previous systematic review of CSF-
based measurements in delirium, which did not find strong evidence for AD-based
biomarkers as either a risk factor or disease state biomarker for delirium, and a systematic
review of neuroimaging delirium studies found an associated with white matter
hyperintensities (WMH), lower brain volume, and atrophy.#3-44 Our comprehensive
approach builds on this previous work by identify cross-cutting themes across various
modalities and biomarker categories. This allows a more complete picture to emerge that
highlights the complexity and current gaps in the biological characterization of delirium in
relation to ADRD.

CONCLUSION

In summary, this systematic review identified 113 studies with ADRD biomarkers, which
mostly measured inflammatory biomarkers in category “X.” This review identified several
limitations to current delirium biomarker literature including the need to more thoroughly
characterize delirium in the context of the AT(N) framework and the lack of standardized
methodology for biomarker data collection and for pre-and post-hospital cognitive
assessment. These limitations will need to be addressed by future delirium biomarker studies
in order to work towards delineating the biological relationship between delirium and
ADRD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 3:

Future Directions for Study Design and Reporting to Better Align Delirium Biomarkers with
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Table 1.

Association between ATN-X Biomarkers and Delirium

Likely Association with Delirium  Equivocal

No Likely Association with Delirium

Neurodegeneration Amyloid
IL-6 S-100B
IL-8 Vascular

C-reactive protein
Synaptic function (EEG and fMRI)

Tau
IL-1 beta
IL-10
Tumor necrosis factor-alpha

FTD, EC-CAM, synucleinopathy, and actigraphy studies were not included because there were less than 4 studies.

Only inflammatory biomarkers with 15 or more articles are included in this table.

Likely association with delirium was defined as > 50% of studies finding an association between the biomarker or category of biomarkers and the

presence of delirium.

Equivocal was defined as 25-50% of studies finding an association between the biomarker or category of biomarkers and the presence of delirium.

No likely association with delirium was defined < 25% of studies finding an association between the biomarker or category of biomarkers and the

presence of delirium.

JAm Geriatr Soc. Author manuscript; available in PMC 2022 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Wang et al. Page 18

Table 2.

Association and Study Quality Based on the REMARK Checklist and Newcastle Ottawa Scale (NOS) for
Selected ATN-(X) Biomarkers

Study Quality

REMARK NOS
Biomarker Low | Medium | High | Low | Medium | High
Amyloid (A) biomarkers
Fluid-based amyloid 0/0 2/3 11 0/0 0/0 3/4
Amyloid Plaques 0/1 0/2 0/1 0/1 0/3 0/0
Tau (T) biomarkers
Phosphorylated tau 0/0 0/1 0/0 0/0 0/0 0/1
Neurofibrillary tangles 0/1 0/1 0/1 0/1 0/2 0/0
Neurodegenerative (N) biomarkers
Neuron Specific Enolase (NSE) | 2/3 2/5 1/1 172 4/5 0/2
Neurofilament Light (NFL) 0/0 171 17 0/0 171 1/1
Total Tau 0/0 22 0/1 0/0 01 2/2
Atrophy or hypometabolism 0/0 212 212 0/0 4/4 0/0
Inflammatory
IL-18 1/5 1/11 1/2 171 1/13 1/5
IL-6 5/8 11/19 2/4 4/4 7117 7/10
IL-8 1/9 11/25 3/3 0/2 9/23 6/12
1L-10 0/4 2/9 1/2 0/1 2/9 1/5
CRP 4/10 | 12/20 6/7 0/4 10/19 11/14
S100B 1/5 5/9 3/5 1/5 3/6 5/8
TNFa 0/5 2/13 1/1 3/19 | 0/0 0/0
Vascular
Post-mortem lesions 0/0 0/1 0/1 0/0 072 0/0
MRI 0/0 11 2/3 0/0 3/4 0/0
Synucleinopathy 00 | on o1 |oo |or 0/0
EC-CAM 0/0 01 0/0 0/0 01 0/0
Synaptic Function
EEG 4/4 6/7 3/3 22 4/5 77
Bispectral EEG 212 213 0/0 0/0 4/5 0/0
fMRI 0/0 2/3 0/0 22 01 0/0

EEG = electroencephalogram; fMRI = functional magnetic resonance imaging

The numerator represents number of studies that found an association between biomarker and delirium. The denominator represents the number of
studies in that category of study quality.

The REMARK (Reporting Recommendations for Tumor Marker Prognostic Studies) checklist is scored on a range of 0-25 checklist score, and
categorized as L = low, < 12.5 points; M = moderate, 12.5-18.75 points; H = high > 18.75 points. The Newcastle Ottawa Scale (NOS) score has a
range of 1-9 and was categorized as L = low, <5 points; M = moderate, 5-7 points; H = high, > 7 points.
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