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Abstract

To improve delirium recognition and care, numerous serum biomarkers have been investigated as
potential tools for risk stratification, diagnosis, monitoring, and prognostication of delirium. The
literature was reviewed, and no evidence was found to support the clinical use of any delirium
biomarker, although certain biomarkers such as S-100 beta and insulin-like growth factor-1 and
inflammatory markers have shown some promising results that need to be evaluated in future
studies with appropriate sample size, prospective designs, and in a more-generalizable population.
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Although delirium is an independent predictor of morbidity, mortality, and healthcare
costs, 12 it is under-recognized in clinical practice.2 To improve delirium recognition and
care, investigators have identified possible biomarkers that may help in diagnosing
individuals with delirium, assessing the severity of delirium, defining endpoints for the
resolution of delirium, developing new therapies, and monitoring response to treatment. The
traditional view of delirium being a transient cognitive manifestation of acute illness is
changing,! and the science of biomarkers may provide insights into understanding the
molecular mechanisms of the connection between delirium and neurodegenerative
dementing illnesses.
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Delirium pathophysiology has not been clearly defined and may represent brain responses to
local or systemic stress with interaction between central and peripheral biological pathways
leading to the ultimate clinical scenario of delirium. There are two important hypotheses to
explain the mechanisms at work: the neurotransmitter hypothesis and the inflammatory
hypothesis. The neurotransmitter hypothesis describes the abundance or deficiency of
certain neurotransmitters resulting in the symptoms associated with delirium. It has been
proposed that delirium results from a complex interaction between various predisposing and
precipitating factors.® Figure 1 describes this interaction and suggests that neurotransmitter
imbalance may direct the onset and severity of episodes of delirium. The final common
pathway of neurotransmitter imbalance in delirious states is thought to result in an excessive
release of dopamine, a deficiency in acetylcholine synthesis, and high or low levels of
serotonin and gamma-amino-butyric acid (GABA).

The inflammatory hypothesis emphasizes the role of stress-induced cytokines in delirium,
including interleukin (IL)-1, IL-6, interferon, and tumor necrosis factor-alpha (TNF-a).4:°
This theory describes the similarities between sickness behavior induced by cytokines and
delirium and explains the varying neurobehavioral manifestations of delirium through a
cytokine lens. Based on animal literature, it is probable that these two hypotheses do not
function as separate and distinct entities but rather as a complex interplay between the
inflammatory milieu and disturbances in certain neurotransmitter systems.®

This review was performed as an update of the progress in the field of delirium-specific
biomarkers and to provide the reader with a theoretical framework for exploring promising
biomarkers for delirium as future avenues for research.

A comprehensive literature search of Medline was performed using the terms delirium,
confusion, psychomotor agitation, encephalopathy, biological markers, biomarkers, serum
products, serum break down products, anticholinergic, S-100 B, neuron-specific enolase
(NSE), cytokines, acute-phase proteins, somatomedins, interleukin, inter-feron, tumor
necrosis factor, C-reactive protein (CRP), insulin-like growth factor, leukemia inhibitory
factor, nitric oxide, melatonin, and apolipoprotein E (ApoE). The search was limited to
articles published in English during or after 2000. To ensure quality, only studies that met
the following criteria were included: sample size of 50 or greater, used standardized
methods for delirium diagnosis, and focused on biomarkers. Studies of alcohol-related
delirium and Axis | psychiatric disorders were excluded. This search strategy produced 621
relevant studies. A manual review by two reviewers (BK, MZ) of the 621 citations using the
criteria resulted in 17 articles (Figure 2). The findings of these studies formed the basis of
the review. The findings were organized into three categories of delirium-specific
biomarkers: risk factors, diagnostic and disease activity biomarkers, and markers for
delirium severity and monitoring response to therapy (Table 1).

Assessment of Delirium Risk Through Biomarkers

Genetic Markers—Apo-E is a protein that repairs and regenerates myelin and neuronal
membranes during development or after injury through cholesterol mobilization.” Six
studies evaluated its role in delirium.”-12 One study analyzed the deoxyribonucleic acid
samples of 704 participants and found that carriage of the Apo-E4 allele is associated with
greater risk of developing delirium (odds ratio (OR) = 1.7, 95% confidence interval (Cl) =
1.1-2.6), after adjusting for age, cognitive impairment, and functional limitation.8 It then
pooled data from four more studies’-*-11 and found a similar association between Apo-E4
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carriers and vulnerability to developing delirium (OR = 1.6, 95% Cl = 0.9-2.7). Ina
cognitively impaired population, presence of the Apo-E4 allele was associated with longer
delirium duration (OR = 7.32), but the CI was extremely wide (1.82-29.51).12 The median
duration of delirium was 4 days for patients with an Apo-E4 allele and 2 days for patients
without.

Inflammatory Mediators—An analysis of 120 older adults with hip fracture patients
compared cytokines and cortisol levels between participants with and without delirium.13
The sample detection limit was set below 45 nmol/L for cortisol and below 20 pg/mL for
IL-8. A linear mixed model showed that the highest levels of IL-8 (27.1 pg/mL, 95% CI =
13.6-53.1 pg/mL) and cortisol (666 nmol/L, 95% CI = 475-859 nmol/L) were found before
delirium onset, but a detailed account on predicting the time to delirium onset from a
nondelirious state was not provided. Another study reached similar findings with regard to
IL-8 levels.k* In a medical population, high CRP levels predicted delirium incidence after
adjusting for other covariates (2= .02).1° These findings raise the possibility of using IL-8,
CRP, and cortisol as predictive markers of delirium and incorporating them into a clinical
tool to better predict delirium onset.

Insulinlike Growth Factor-1—IGF-1 promotes neuronal development, survival,
proliferation, and enhanced synaptic transmission in the central nervous system.18 A
prospective study of 100 consecutively admitted older medical patients (=75) without
delirium, based on a negative interview using the Confusion Assessment Method (CAM)
instrument and significant medical illness characterized by an Acute Physiology and
Chronic Health Evaluation 11 score greater than 8, showed that low baseline IGF-1 levels on
admission were associated with greater risk of incident delirium.18

Diagnostic and Disease Activity Markers for Delirium

Serum Anticholinergic Activity—A serum anticholinergic activity (SAA) assay was
developed to measure the anticholinergic burden of drugs in individuals with psychiatric
ilinesses.1” Based on the hypothesis that delirium represents a state of cholinergic
deficiency, SAA has been evaluated as a disease activity marker and a diagnostic tool for
delirium.18-20 The search criteria for the current review resulted in only one study fulfilling
the requirements of adequate sample size and standardized delirium measurement.18 That
prospective cross-sectional study of 61 hospitalized individuals aged 80 and older assessed
the correlation between SAA and quantitative electroencephalography, delirium occurrence,
and cognitive measures.18 No significant differences in SAA levels between individuals
with and without delirium were found. SAA levels did not correlate with any
electroencephalographic parameters considered to be criterion standards of delirium
diagnosis. These findings conflict with the suggestion that SAA reflects central
anticholinergic burden, which has long been a criticism of the SAA assay. SAA may reflect
peripheral anticholinergic activity, which in turn does not translate into central cholinergic
deficiency resulting in delirium.

Inflammatory Markers—Given the greater prevalence of delirium in disease states with a
higher inflammatory burden such as sepsis, cancer, and the postoperative period,
inflammatory markers may be useful for monitoring delirium disease activity. The
relationship between various cytokines and delirium has been examined in medical and
surgical inpatient populations.#13:14 All studies documented significant associations
between IL-6 and 1L-8 and delirium. In one of the studies,* using detection limits of 10 pg/
mL for IL-6 and 20 pg/mL for IL-8, the authors reported that, in participants with I1L-6
levels below the detection limit, there were more without delirium (69%) than with (47%, P
=.04). Similarly, participants without delirium were more likely to have IL-8 levels below
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the detection limit (78% vs 55%; P=.001). After adjusting for age, cognitive impairment,
and infection, having IL-6 and IL-8 levels above the detection limits was significantly
associated with delirium (IL-6, OR = 2.4, 95% CI = 1.0-5.6; IL-8, OR = 2.6, 95% Cl = 1.1-
6.3). Similar results were demonstrated regarding IL-6 after open heart surgery,2! although
two other studies failed to show such associations.11:22

Insulin-Like Growth Factor-1—Low IGF-1 levels in older medical patients were shown
to be associated with delirium (P=.02).11 This study not only confirmed findings of a
previous study that low levels of IGF-1 can predispose to delirium,18 but also extended the
association with delirium at any point during the hospitalization. Conversely, high IGF-1
levels were associated with low Delirium Rating Scale (DRS) scores. The authors concluded
that IGF-1 may be neuroprotective, and thus low levels can predispose to delirium and may
increase its severity.® Another study!! in 164 older adults admitted to a medical unit showed
that prevalent delirium was significantly associated with a previous history of dementia,
older age, greater illness severity, disability, and low IGF-1 levels. Based on these studies, it
is plausible that an intervention aimed at increasing levels of IGF-1 may prevent or treat
delirium.

Markers of Delirium Severity

S-100 B—S-100 B, a biomarker that indicates direct neuronal injury such as traumatic brain
injury and cerebrovascular accidents has shown promise as a marker of disease severity in
delirium.1® Astrocytes mainly express S-100 B, and high levels may indicate indirect injury
to glial cells in delirium. A strong association between S-100 p and delirium has been
demonstrated in three studies (two on older adults undergoing hip fracture repair and one in
an inpatient medical population)1®:23.24 after adjusting for confounders including cognitive
impairment (OR = 4.01, 95% CI = 1.87-8.58).1° These studies demonstrated consistently
high S-100 B levels in individuals with delirium. One of the studies?* also documented a
correlation between S-100 B and the proinflammatory cytokines IL-6 and IL-8, hinting at the
complex relationship between inflammation and possible cerebral damage.

Neuron-Specific Enolase—NSE is an enzyme present in neurons, and its release may
indicate direct neuronal injury. There are limited data on the role of this biomarker in
delirium. In individuals with hip fracture and delirium, no relationship was found between
delirium and NSE levels.2* The relationship between delirium and NSE has not been firmly
established. A major injury to the central nervous system (CNS) such as stroke, severe
traumatic brain injury, or surgery on the CNS is required for NSE release and may not be
evident in other causes of delirium.

DISCUSSION

Biomarkers have the potential to unlock the codes to the pathophysiology of delirium,
diagnose delirium, and define the prognosis and long-term effect of delirium on cognition.
Biomarkers can be useful in developing new therapies for delirium, can be applied to drug
development, and can serve as indirect markers for assessing delirium severity. Small
sample sizes of studies, cross-sectional designs, and lack of control over the baseline
characteristics of the participant population limit the current evidence supporting the use of
biomarkers in delirium. Additionally, difficulties in addressing the multiple etiologies and
disease processes leading to delirium complicate results from the existing literature.

This review briefly describes the available literature over the last decade in the field of
delirium biomarkers. The best available studies were included in this review to promote
understanding of the complex pathophysiological processes responsible for delirium
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symptoms. This review builds upon a prior review?® that classified the biomarkers
associated with delirium as risk and disease markers. The current literature establishes a role
of the Apo-E4 allele as a risk factor for incident delirium and longer delirium duration.’-12
Higher 1L-8,13:14 cortisol,13 and CRP1° levels may predict delirium development, along with
low levels of IGF-1.16 The use of SAA to reflect central cholinergic activity has not been
proven based on the study included in this review.1” High IL-6, IL-8, and S-100 B levels and
low IGF-1 levels showed the strongest correlation with delirium.>131421 5.100 B has
shown the most consistent association with delirium, after adjustment of confounders
including baseline cognitive impairment.13

There is overlap between the role of inflammatory markers in delirium and the cholinergic
system of the patient (Figure 1). Acetylcholine may inhibit the release of proinflammatory
cytokine IL-6 and thereby help in controlling brain inflammation. Therefore, processes
leading to cholinergic failure with depleted acetylcholine stores may lead to inadequate
control over the inflammatory cascade and thus predispose to delirium. Delirium can also be
viewed as development of sickness behavior with a significant cytokine contribution. The
cytokines, along with producing symptoms of fever, weakness, and lethargy, cause impaired
concentration, sleep disturbances, and agitation,26 some of the cardinal symptoms of
delirium. These cytokines may induce a reduction in cholinergic activity,® especially in
older adults with an underlying neurodegenerative process such as Alzheimer’s disease. This
results in a repetitive cycle of inadequate regulation of inflammation due to cholinergic
depletion. An inadequately regulated system may partially explain the complex interaction
between the inflammatory and neurotransmitter hypotheses.

Based on the current evidence, studies of biomarkers should focus on enrolling vulnerable
medical and surgical patients before they develop delirium with assessment of risk markers
through serial blood draws, comparing the levels during the delirious episode with delirium
duration and severity, measured using standardized diagnostic tools and then following up
with levels after delirium resolution. The important confounders, such as age, race, baseline
cognitive impairment, and severity of illness, should be adjusted in the final analysis. This
could serve multiple purposes, such as identifying the best marker for early risk assessment
leading to prevention strategies, monitoring the disease, and developing a timeline for
delirium resolution. Having standardized tools globally to analyze biomarkers with the same
reference standards in multiple laboratories will help in the generalization of results.
Establishment of institution-specific biorepositories with storage of blood and tissue samples
will also help investigators answer the research questions retrospectively.

Strengths of this review include the incorporation of the best-available and most-recent
studies, assessment of delirium with standardized diagnostic tools, and inclusion of medical
and surgical literature. Limitations of this work are exclusion of studies before 2000, which
may have eliminated some good studies with supportive or contradictory evidence;
assessment of biomarkers in the serum with no correlation with cerebrospinal fluid levels;
and the inability to calculate sensitivity, specificity, and positive and negative predictive
values with the available literature.

In conclusion, proper use of biomarkers should provide a better definition of delirium and
prediction of its natural history. Identification of relevant biomarkers in the field of delirium
will not only help in better understanding the complex pathophysiology, but will also pave
the way forward for development of newer disease-modifying agents. The paucity of well-
designed, scientifically rigorous studies in the delirium biomarker field makes necessary a
multiinstitutional collaborative effort to generate valid, reproducible, generalizable data to
help answer some of the hypotheses generated by this review.
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