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Abstract

Background

Delirium’s pathophysiology is poorly understood. We sought to determine if plasma bio-

markers of inflammation, coagulation, endothelial activation, and blood brain barrier (BBB)

injury were associated with emergency department (ED) delirium duration.

Methods

We enrolled hospitalized patients who were 65 years or older from the ED. Plasma biomark-

ers of inflammation (interleukin-6 [IL-6], IL-8, soluble tumor necrosis factor receptor I

[sTNFRI]), coagulation (Protein C), endothelial activation (plasminogen activating inhibitor-1

[PAI-1]), and BBB injury (S100B) at were measured using blood obtained at enrollment. The

dependent variable was ED delirium duration which was determined by the Brief Confusion

Assessment Method assessed in the ED and hospitalization. Proportional odds logistic

regression analyses were performed adjusted for relevant confounders and allowing for

interaction by baseline dementia status.

Results

A total of 156 patients were enrolled. IL-6 (POR = 1.59, 95%CI: 1.09–2.32) and PAI-1

(POR = 2.96, 95%CI: 1.48 to 6.85) were independently associated with more prominent ED

delirium duration in subjects without dementia only. No significant associations between IL-

8, Protein C, sTNRFI, and S100B and ED delirium duration were observed.

PLOS ONE | https://doi.org/10.1371/journal.pone.0226412 December 19, 2019 1 / 10

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: McNeil JB, Hughes CG, Girard T, Ware

LB, Ely EW, Chandrasekhar R, et al. (2019) Plasma

biomarkers of inflammation, coagulation, and brain

injury as predictors of delirium duration in older

hospitalized patients. PLoS ONE 14(12): e0226412.

https://doi.org/10.1371/journal.pone.0226412

Editor: Enrico Mossello, University of Florence,

ITALY

Received: May 6, 2019

Accepted: November 26, 2019

Published: December 19, 2019

Copyright: © 2019 McNeil et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the manuscript and its Supporting

Information files.

Funding: Dr. Han and this study was funded by the

National Institutes of Health under award number

K23AG032355. This study was also supported by

the National Center for Research Resources, Grant

UL1 RR024975-01, and is now at the National

Center for Advancing Translational Sciences, Grant

2 UL1 TR000445-06. Dr. Han was also supported

by the National Institutes of Health under award

http://orcid.org/0000-0002-9200-1881
https://doi.org/10.1371/journal.pone.0226412
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0226412&domain=pdf&date_stamp=2019-12-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0226412&domain=pdf&date_stamp=2019-12-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0226412&domain=pdf&date_stamp=2019-12-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0226412&domain=pdf&date_stamp=2019-12-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0226412&domain=pdf&date_stamp=2019-12-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0226412&domain=pdf&date_stamp=2019-12-19
https://doi.org/10.1371/journal.pone.0226412
http://creativecommons.org/licenses/by/4.0/


Conclusions

Plasma Biomarkers of systemic inflammation and endothelial activation are associated with

ED delirium duration in older ED patients without dementia.

2. Introduction

Delirium is a form of acute brain failure that affects 10% of older emergency department (ED)

patients [1–5] and 25% of hospitalized patients[6–11]. Delirium is not a transient event, com-

monly lasting 3 to 7 days[12, 13]. Each day a patient is delirious has been associated with an

increase in long-term mortality [14] and carries with it worse 6-month functional and cogni-

tive decline[12]. Unfortunately, there are no universally accepted interventions designed to

reduce delirium incidence or duration[15]. Our lack of understanding of delirium’s pathogen-

esis is a significant barrier to optimal delirium management.

Several hypotheses for delirium pathogenesis have been proposed[16] but the neuroinflam-

matory hypothesis is the most prominent. This hypothesis posits that an acute medical illness

causes delirium primarily through systemic and central nervous system (CNS) inflammation.

During acute illness, systemic cytokines and proinflammatory mediators are released into the

bloodstream and stimulate the vagus nerve, choroid plexus, and circumventricular organs[17].

These events also cause endothelial activation, which leads to activation of coagulation path-

ways, increased microvascular permeability, and impaired microcirculatory function[18, 19].

This systemic insult can lead to blood-brain barrier (BBB) injury and CNS inflammatory cas-

cade[20–24]. Brain parenchymal cells, such as the microglia, become activated leading to

increased expression of proinflammatory mediators in the CNS and ultimately to neuronal

injury.

In critically-ill patients, we observed that plasma biomarkers of inflammation, coagulation,

endothelial activation, and BBB injury were associated with delirium[25, 26]. Studies in non-

critically ill patients have evaluated the relationship between these pathways and delirium, but

their findings have been inconsistent [27–30]. In addition, these non-intensive care unit (ICU)

studies evaluated delirium as a present-absent event rather than examining its duration, which

may be a better discriminator of subsequent adverse outcomes. We, therefore, sought to deter-

mine if plasma biomarkers of inflammation (interleukins 6 and 8 [IL-6, IL-8][31, 32], soluble

tumor necrosis factor receptor I [sTNFRI])[26], coagulation (Protein C)[26], endothelial acti-

vation (plasminogen activating inhibitor-1 [PAI-1])[25], and BBB injury (S100B)[33] were

associated with ED delirium duration in older ED patients admitted to the hospital.

3. Materials and methods

Study design and setting

We conducted this prospective cohort study as part of the DELINEATE study evaluating delir-

ium in the ED and its extension into the hospital. This study was conducted at a tertiary care,

academic hospital[12]. Results from the DELINEATE study have been previously reported

[12], but the hypotheses and findings presented herein are original and have not been previ-

ously published. The Vanderbilt institutional review board reviewed and approved this study.

Biomarkers of delirium in older hospitalized patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0226412 December 19, 2019 2 / 10

number K12HL109019. Dr. Ely was supported in

part by the National Institutes of Health under

award numbers R01AG027472 and

R01AG035117, and a Veteran Affairs MERIT

award. Drs. Ely and Han are also supported by the

Veteran Affairs Geriatric Research, Education, and

Clinical Center (GRECC). Dr. Hughes received

support from American Geriatrics Society Jahnigen

Career Development Award and the National

Institutes of Health (HL111111, AG045085,

GM120484). Dr. Ware is supported by NIH

HL103836. The content is solely the responsibility

of the authors and does not necessarily represent

the official views of Vanderbilt University Medical

Center, National Institutes of Health, and Veterans

Affairs.

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0226412


Selection of participants

Patients were enrolled from the Vanderbilt University Medical Center ED between March

2012 and November 2014. Consecutive enrollment with written, informed consent occurred

Monday through Friday at four randomly selected 4-hour blocks per week (8A –12P,

10A – 2P, 12P – 4P, 2P – 6P) for a total of 16 hours per week. Research assistants reviewed the

informed consent document with the patient. Written informed consent was obtained from

an authorized surrogate if the patient could not state the purpose of the study or name one risk

to participating in the study.

Patients were included if they were 65 years or older and in the ED for less than four hours

at the time of enrollment. Patients were excluded if they were non-English speaking, previ-

ously enrolled, deaf, comatose, non-verbal or unable to follow simple commands prior to their

current illness, were considered unsuitable for enrollment by the treating physician or nurse,

were unavailable for enrollment within the 4-hour time limit secondary to clinical care (e.g.,

resuscitations, procedures), or were likely to be discharged home according to the ED. Patients

who were non-verbal or unable to follow simple commands prior to their acute illness were

considered to have end-stage dementia and were excluded because the delirium assessment

tool used in this study was not validated for this patient group. Because only 8–17% of older

enrolled ED patients were expected to be delirious[1, 2, 5], all delirious and one out of six ran-

domly selected non-delirious older ED patients were enrolled to maximize the feasibility of

our study.

Sample collection, storage, and biomarker measurement

We collected blood in citrate anti-coagulated collection tubes immediately upon study enroll-

ment. Tubes were placed on ice and centrifuged at 3000g within 1 hour to isolate plasma.

Supernatants were stored in aliquots at -80C until batched biomarker analyses were performed

in duplicate after prospective enrollment was completed. Sample dilution plates were created

to avoid multiple freeze thaw cycles. Electrochemiluminescent assays were performed for IL-6,

IL-8, PAI-1, sTRNFI (Meso Scale Discovery; Rockville, MD). Sandwich ELISAs were per-

formed for S100B (Millipore; Billerica, MA) and Protein C (Helena Laboratories; Beaumont,

Texas).

Primary outcome variable

The primary outcome variable was the total number of days a delirious ED patient remained

delirious throughout the hospitalization (ED delirium duration). Because the serum biomark-

ers measured at enrollment are less likely to affect incident delirium especially later in the hos-

pital course, patients who were not delirious in the ED were assigned an ED delirium duration

of 0 days even if they later developed delirium during hospitalization. Delirium was assessed

by trained research assistants in the ED at the time of enrollment (0 hours), at 3 hours and

daily during the hospitalization for 7 consecutive days after the ED visit or until hospital dis-

charge or death, whichever came first. A patient was considered to be delirious in the ED if

either the 0- or 3-hour delirium assessment was positive. The delirium episode was considered

resolved if the patient was non-delirious for two consecutive days. In non-mechanically venti-

lated patients, the modified Brief Confusion Assessment Method was used to ascertain delir-

ium. It is 82% to 86% sensitive and 93% to 96% specific for delirium as diagnosed by a

psychiatrist with a kappa of 0.87 indicating excellent inter-observer reliability[34]. In mechani-

cally ventilated patients, the Confusion Assessment Method for the Intensive Care Unit

(CAM-ICU) was used to ascertain delirium[35]. The CAM-ICU is 93% to 100% sensitive and
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98% to 100% specific for delirium in these patients, with a kappa of 0.96 indicating excellent

inter-observer reliability[36].

Covariates. Medical record review was used to collect dementia status, comorbidity bur-

den, severity of illness, and the presence of a central nervous system diagnosis. A patient was

considered to have dementia if they had: (i) documented dementia in the medical record, (ii) a

premorbid IQCODE greater than a cut-off of 3.38[37], or (iii) they were prescribed cholines-

terase inhibitors prior to admission. The Charlson Comorbidity Index was used to quantify

the patient’s comorbid burden[38]. The Acute Physiology Score (APS) of the Acute Physiology

and Chronic Health Evaluation II (APACHE II) score was used to quantify severity of illness

[39]. For this analysis, age, as scored by the APACHE II, was incorporated into the APS. The

presence of a central nervous system (CNS) diagnosis (meningitis, seizure, cerebrovascular

accident, intraparenchymal hemorrhage, etc.) was determined by two physician reviewers via

medical record review. A third physician reviewer adjudicated any disagreements. Infection

diagnoses during the enrollment hospital admission and use of home steroids were collected

from the electronic medical record.

Data analysis

All biomarker measurements were log transformed to minimize the influence of extreme outli-

ers. Proportional odds logistic regression was performed to examine the independent associa-

tion of biomarkers of inflammation, coagulation, endothelial activation, and BBB injury with

ED delirium duration. These models were adjusted for dementia, baseline functional status,

comorbidity burden, severity of illness, CNS diagnosis, infection diagnosis, and use of home

steroids. These covariates were chosen a priori based upon literature review and expert opin-

ion. Since dementia is associated with many of these mechanistic pathways and with delirium,

we also evaluated if the association between biomarkers and ED delirium duration was modi-

fied by dementia. We allowed for potential interactions between biomarkers and dementia

using a separate cross-product interaction term. Because this analysis was exploratory in

nature, we considered effect modification to be present if the interaction term’s p-value was

less than 0.20. Proportional odds ratios with their 95% confidence intervals (95%CI) were

reported. All statistical analyses were performed with SAS version 9.4 (SAS Institute, Carey,

NC) and open source R statistical software, version 3.0.2 (http://www.r-project.org/).

4. Results

We enrolled and measured biomarker data on 156 patients; 64 were delirious at initial presen-

tation with a median (IQR) ED delirium duration of 3 (2, 5) days. Patient characteristics for

delirious and non-delirious patients at initial presentation are compared in Table 1. Delirious

patients were slightly older and were more likely to be female, non-white, have multiple mor-

bidities, and to have dementia and higher severity of illness than non-delirious patients. Deliri-

ous patients were also more likely to have a systemic infection and a CNS diagnoses. However,

they were less likely to be on home corticosteroids.

Table 2 lists the proportional odds ratios for increased ED delirium duration for each bio-

marker from the multivariable proportional odds regression models. With regard to systemic

inflammation, only IL-6 and IL-8 were significantly associated with ED delirium duration. For

IL-6, baseline dementia modified this association (interaction p-value = 0.1826) such that

higher concentrations of IL-6 were more prominently associated with longer ED delirium

duration in patients without dementia (POR = 1.59, 95%CI: 1.09–2.32).

Biomarkers of coagulation as measured by Protein C and BBB injury as measured by S100B

were not significantly associated with ED delirium duration. Higher PAI-1, a marker of
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endothelial activation, however, was significantly associated with prolonged ED delirium dura-

tion. This association was modified by baseline dementia (interaction p-value = 0.1786) such

that the relationship was more prominent in patients without dementia (POR = 2.96, 95%CI:

1.48 to 6.85).

Table 1. Patient characteristics and demographics.

Non-Delirious at Presentation

n = 92

Delirious at Presentation

n = 64

Median Age (IQR) 72.5 (69, 79) 74 (68, 82)

Female gender 45 (48.9%) 42 (65.6%)

Non-white race 8 (8.7%) 10 (15.6%)

Dementia 23 (25.0%) 48 (75.0%)

Median (IQR) OARS ADL 25 (21, 27) 13 (7, 20)

Median (IQR) IQCODE 3.19 (3.00, 3.56) 4.13 (3.19, 4.69)

Median Charlson (IQR) 3 (1, 4.5) 3 (2, 5)

Median APS with age (IQR) 8 (7, 10.5) 9 (8, 12.5)

Systemic infection diagnosis 25 (27.2%) 33 (51.6%)

CNS diagnosis 10 (10.8%) 12 (18.8%)

Home corticosteroid use 21 (22.8%) 9 (14.1%)

Biomarkers

Log_IL-6 (pg/mL)

Log_IL-8 (pg/mL)

Log sTNRFI (pg/mL)

Log Protein C (pg/mL)

Log PAI-1 (pg/mL)

Log S100B (pg/mL)

0.56 (0.04, 1.63)

1.17 (0.64, 1.68)

8.52 (8.03, 8.86)

4.32 (3.91, 4.57)

12.34 (11.96, 12.90)

2.72 (1.66, 3.33)

1.24 (0.82, 1.96)

1.53 (1.03, 1.94)

8.44 (7.99, 9.00)

4.28 (3.70, 4.57)

12.65 (12.09, 13.09)

3.09 (0.30, 4.00)

Abbreviations: IQR, Interquartile range; APS, Acute Physiology Score; IL, interleukin; sTNRFI, soluble tumor necrosis factor receptor 1; PAI-1, plasminogen activation

inhibitor-1

https://doi.org/10.1371/journal.pone.0226412.t001

Table 2. Plasma Biomarkers and Their Association emergency department delirium duration.

Biomarker POR (95%CI) Biomarker�Dementia P-value

Log IL-6

No Dementia

Yes Dementia

1:37 ð1:05; 1:81Þ

1.59 (1.09, 2.32)

1.14 (0.80, 1.62)

0.1826

Log IL-8 1.57 (1.08, 2.29) 0.2170

Log sTNFRI 1.15 (0.73, 1.83) 0.6967

Log Protein C 1.21 (0.68, 2.13) 0.9519

Log PAI-1

No Dementia

Yes Dementia

1:85 ð1:15; 2:99Þ

2.96 (1.28, 6.85)

1.48 (0.83, 2.62)

0.1786

Log S100B 1.04 (0.82, 1.31) 0.9315

Proportional odds logistic regression examining the effect of plasma biomarkers of inflammation, coagulation, and

blood-brain barrier injury on emergency department delirium duration in 156 older emergency department patients.

Plasma biomarkers collected at enrollment. Separate models were created for each biomarker. The proportional odds

regression models were adjusted for dementia, baseline functional status, comorbidity burden, severity of illness,

CNS diagnosis, infection diagnosis, or use of home steroids. Proportional odds ratios (POR) with their 95%

Confidence Intervals (95%CI) are reported. If the plasma biomarker�dementia interaction was < .20, then

proportion odds ratios (POR) were also reported for patients with and without dementia.

https://doi.org/10.1371/journal.pone.0226412.t002
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5. Discussion

We observed that plasma IL-6, IL-8, and PAI-1 measured in the ED were significantly associ-

ated with prolonged ED delirium durations in patients without dementia admitted to the hos-

pital. Protein C and S100B, which are biomarkers of coagulation and BBB / astrocyte injury,

respectively, were not associated with ED delirium duration. These findings suggest that sys-

temic inflammation and endothelial activation, respectively, may be involved in delirium

pathophysiology. The impacts of these pathophysiological processes, however, seem to only be

apparent in those with intact baseline cognition.

Similar to our findings, several investigations have observed associations between plasma

IL-6 and IL-8 and development of delirium in older medical[27, 40] and hip fracture[27, 32,

41] patients. While this suggests that systemic inflammation may play a prominent role in

delirium pathogenesis, this association has not been consistently observed[28, 29]. We also did

not observe an association between sTNFR1 and ED delirium duration. sTNFR1 is a receptor

for Tumor Necrosis Factor-α and has previously been observed to be associated with delirium

in ICU cohorts[26, 42]. The abovementioned discordant observations between our study and

others may be related to the timing of these biomarker measurements. We collected blood

within 4 hours of enrollment in the ED. The inflammatory response to an acute illness is com-

plex and varies from patient to patient throughout the episode of delirium and hospitalization

[32]. Such discrepancies may also be secondary to the differences in cohort. As opposed to

studies conducted in the ICU, the ED population is markedly more diverse and includes medi-

cal, surgical, and neurological patients across the entire spectrum of illness severity. To better

elucidate the role of systemic inflammation in the pathogenesis of delirium, future studies

should perform serial plasma biomarker measurements in a larger cohort of patients.

We also examined potential downstream effects of systemic inflammation by measuring

plasma biomarkers of coagulation, endothelial dysfunction, and BBB injury[18, 20, 21, 43, 44].

Previous investigations in critically patients have observed that plasma Protein C[26], PAI-1

[45], and S100B[25, 45, 46] are associated with delirium. In our cohort, however, we only

observed PAI-1 to be associated with delirium. Similar to the plasma inflammatory biomark-

ers, the reasons for these discordant observations may be related to the timing of biomarker

measurement and the cohort studied.

One novel aspect of our study is that we observed that the associations between plasma IL-6

and PAI-1 were modified by pre-existing cognition. Surprisingly, the associations between

these plasma biomarker measurements and ED delirium duration were most apparent in

patients without pre-existing cognitive impairment. The reasons for this are currently unclear.

Patients who are cognitively intact at baseline likely require a more noxious insult (e.g., higher

systemic inflammation and endothelial dysfunction) to precipitate delirium[47]. Conversely,

patients who are more vulnerable to developing delirium, such as those with dementia, may

become delirious with even a minor inflammatory insult. These patients may not require a

high degree of systemic inflammation and endothelial dysfunction to develop delirium, which

may explain the lack of associations between IL-6, IL-8, and PAI-1 and ED delirium duration.

Further, patients with dementia may have chronic dysfunction in inflammatory, coagulation,

and BBB function which alters their response to acute illness. It is also possible that the patho-

physiologic mechanisms for delirium may differ between those with and without pre-existing

dementia. Future studies with a larger sample size should confirm these findings.

Our study has several limitations. We only enrolled patients during the daytime hours

potentially introducing selection bias; patients who were present in the evening and early

morning may have been older, multi-morbid, and sicker. A large number (n = 576) refused to

participate in the study, potentially introducing additional selection bias. Patients who refused
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to participate were slightly older, were more likely to be white, and slightly more likely to

reside in a nursing home[12]. Our sample size was relatively small. The absence of an associa-

tion between sTNRF1, Protein C, and S100B and ED delirium duration may have been a type

2 error (false negative). Inherent to most prospective cohort studies, unmeasured (e.g., drug

exposure during hospitalization) and residual confounding may have still existed. In addition,

dementia status was characterized by medical record review and IQCODE and its severity was

not quantified.

We measured biomarker concentrations at one time point early upon presentation. While

this time point provides important prognostic value for the remaining hospital course, bio-

marker concentrations may differentially change in response to the illness progression and

medical therapies. Our sample size was relatively small. The absence of an association between

sTNRF1, Protein C, and S100B and ED delirium duration may have been a type 2 error (false

negative). Lastly, this was a single center study performed at a tertiary center with medically

complex patients who have a wide array of illnesses. Our findings may not be generalizable to

other settings.

In conclusion, plasma IL-6, IL-8, and PAI-1 measured in the ED are associated with ED

delirium duration in acutely ill older patients, but these associations were significant only in

patients without pre-existing dementia. Our data suggest that systemic inflammation and

endothelial dysfunction are associated with delirium pathogenesis, but this association may be

modified by baseline cognition. Future studies with serial biomarker measurements through-

out delirium’s course are needed to better clarify these relationships.
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