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Abstract 

Purpose:  The purpose of this study was to determine associations between markers of inflammation and endog-
enous anticoagulant activity with delirium and coma during critical illness.

Methods:  In this prospective cohort study, we enrolled adults with respiratory failure and/or shock treated in medical 
or surgical intensive care units (ICUs) at 5 centers. Twice per day in the ICU, and daily thereafter, we assessed mental 
status using the Richmond Agitation Sedation Scale (RASS) and the Confusion Assessment Method-Intensive Care 
Unit (CAM-ICU). We collected blood samples on study days 1, 3, and 5, measuring levels of C-reactive protein (CRP), 
interferon gamma (IFN-γ), interleukin (IL)-1 beta (IL-1β), IL-6, IL-8, IL-10, IL-12, matrix metalloproteinase-9 (MMP-9), 
tumor necrosis factor-alpha (TNF-α), tumor necrosis factor receptor 1 (TNFR1), and protein C using validated proto-
cols. We used multinomial logistic regression to analyze associations between biomarkers and the odds of delirium or 
coma versus normal mental status the following day, adjusting for age, sepsis, Sequential Organ Failure Assessment 
(SOFA), study day, corticosteroids, and sedatives.

Results:  Among 991 participants with a median age (interquartile range, IQR) of 62 [53–72] years and enrollment 
SOFA of 9 [7–11], higher concentrations of IL-6 (odds ratio [OR] [95% CI]: 1.8 [1.4–2.3]), IL-8 (1.3 [1.1–1.5]), IL-10 (1.5 
[1.2–1.8]), TNF-α (1.2 [1.0–1.4]), and TNFR1 (1.3 [1.1–1.6]) and lower concentrations of protein C (0.7 [0.6–0.8])) were 
associated with delirium the following day. Higher concentrations of CRP (1.4 [1.1–1.7]), IFN-γ (1.3 [1.1–1.5]), IL-6 (2.3 
[1.8–3.0]), IL-8 (1.8 [1.4–2.3]), and IL-10 (1.5 [1.2–2.0]) and lower concentrations of protein C (0.6 [0.5–0.8]) were associ-
ated with coma the following day. IL-1β, IL-12, and MMP-9 were not associated with mental status.

Conclusion:  Markers of inflammation and possibly endogenous anticoagulant activity are associated with delirium 
and coma during critical illness.
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Introduction
Delirium—an acute neuropsychiatric syndrome char-
acterized by inattention, disorganized thinking, altered 
level of consciousness, and a fluctuating course—affects 

up to half of all patients with critical illness [1, 2], and 
duration of delirium in this population predicts greater 
mortality and, among survivors, cognitive impairment 
and disability in activities of daily living [3–6]. Despite 
the pervasiveness and poor long-term outcomes of 
delirium, its underlying biological mechanisms remain 
unclear.

Acute inflammation and decreased endogenous antico-
agulant activity promote organ dysfunction during criti-
cal illness syndromes such as sepsis, acute respiratory 
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distress syndrome (ARDS), and surgery, and these inter-
related mechanisms are hypothesized to contribute to 
delirium [7–9]. Indeed, elevated levels of inflammatory 
markers and low levels of markers of endogenous antico-
agulant activity have been associated with delirium and 
coma (a risk factor for delirium) during critical illness 
[10–16]. These studies, however, were limited by small 
sample sizes, a limited number of markers, and inconsist-
ent associations. Moreover, these studies did not account 
for other potential risk factors for delirium and coma, 
subjecting prior findings to bias. Thus, these potential 
mechanisms of delirium and coma during critical illness 
need further study.

We therefore examined associations between markers 
of inflammation and endogenous anticoagulant activity 
and delirium and coma in a multicenter, prospective 
cohort study of adults with critical illness. We 
hypothesized that higher concentrations of markers of 
inflammation and lower concentrations of markers of 
endogenous anticoagulant activity are associated with 
both delirium and coma during critical illness.

Methods
Study design and population
We collected data and biological samples for this 
prospective cohort study during two multicenter 
studies with identical designs: the Bringing to Light 
the Risk Factors and Incidence of Neuropsychological 
Dysfunction in intensive care unit (ICU) Survivors 
Study (BRAIN-ICU) [5] and the MIND-ICU Study: 
Delirium and Dementia in Veterans Surviving ICU 
Care [17]. Detailed inclusion and exclusion criteria 
have been published elsewhere [5, 17] and may be 
found in the supplementary material. We included 
adults (≥ 18  years old) treated for respiratory failure 
and/or shock in a medical or surgical ICU from 5 
United States (US) centers. We excluded participants 
if they had acute organ dysfunction for > 72  h, a 
recent ICU stay > 5  days, severe preexisting cognitive 
impairment, or an inability to communicate in English. 
The parent studies included long-term follow-up and 
therefore also excluded those with substance abuse 
disorders, homelessness, or residence > 200 miles from 
an enrolling center. From the present analyses, we 
further excluded participants who did not provide at 
least one blood sample. Thus, the sample size of our 
current analyses was determined by the size of the 
parent cohorts and the availability of blood samples. 
Participants or their authorized representatives 
provided informed consent at the time of enrollment 
and again (when appropriate) after regaining capacity. 
The institutional review board at each center approved 
the study and therefore the study was performed 

in accordance with the ethical standards laid down 
in the 1964 Declaration of Helsinki and its later 
amendments.

Exposures: markers of inflammation and endogenous 
anticoagulant activity
We collected plasma samples at study enrollment (i.e., 
study day 1) and on study days 3 and 5. We collected 
blood using ethylenediaminetetraacetic (EDTA) tubes 
for inflammatory marker assays and citrate tubes for 
anticoagulant marker assays. We placed samples on ice, 
processed them within one hour of collection, and stored 
plasma at − 80 °C for batched analysis conducted at the 
Vanderbilt Coordinating Center (VCC, Nashville, TN). 
Samples from centers outside of Nashville were packed in 
dry ice and shipped via overnight courier to the VCC.

Based on prior studies in patients with critical illness 
[7–12], we a priori selected ten markers of inflammation 
and one marker of endogenous anticoagulant activity. 
Described in detail in the supplementary materials, 
the markers of inflammation included C-reactive 
protein (CRP), interferon gamma (IFN-γ), interleukin 
(IL)-1 beta (IL-1β), IL-6, IL-8, IL-10, IL-12, matrix 
metalloproteinase-9 (MMP-9), tumor necrosis factor-
alpha (TNF-α), and soluble tumor necrosis factor receptor 
1 (TNFR1). Protein C was the marker of endogenous 
anticoagulant activity.

Laboratory personnel, masked to participants’ 
baseline clinical characteristics and details of the 
hospital course including mental status, used validated 
laboratory protocols to measure, in duplicate, plasma 
concentrations of each biomarker using commercially 
available immunoassays [18].

Outcome: following day’s mental status and delirium/
coma‑free days
Twice daily from the time of enrollment until ICU 
discharge and once per day thereafter until hospital 
discharge (for up to 30 days), trained research personnel 
determined participant mental status using the Richmond 

Take home message 

In this prospective cohort study of nearly 1000 patients with 
medical and surgical critical illness, higher levels of markers 
of inflammation (i.e., IL-6, IL-8 and IL-10) and lower levels of 
endogenous anticoagulant activity (i.e., protein C) showed 
consistent associations with delirium and coma the day following 
marker measurement as well as the number of delirium/coma-free 
days over the next week.

These data support the hypothesis that systemic inflammation 
and disordered coagulation play a role in the pathophysiology of 
delirium and coma during critical illness.
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Agitation-Sedation Scale (RASS) [19] to assess level of 
consciousness and the Confusion Assessment Method 
for the ICU (CAM-ICU) [20] to assess for delirium. We 
considered coma to be present if the RASS was −  4 or 
−  5. We considered delirium to be present if the RASS 
was − 3 or greater and the CAM-ICU was positive. We 
considered normal mental status to be present if neither 
coma nor delirium were present. Though we measured 
mental status for up to 30 days, for the purposes of these 
analyses, we used mental status data for 11  days after 
study enrollment (i.e., for the 7 days including and after 
the study day 5 biomarker measurement). We chose this 
approach because 75% of participants with delirium 
or coma had these conditions for 5  days or fewer and 
because the plausible biological effects of the markers 
of interest on mental status fall within this timeframe. 
We used these data to calculate the number of days alive 
and free of delirium and coma (i.e., delirium/coma-free 
days). Figure S1 in the supplementary materials presents 
a schematic of these analyses.

Covariates: clinical characteristics
We a priori selected the following potential confounders 
of the associations between markers of interest and 
mental status: age, severe sepsis (defined as the 
presence of two or more systemic inflammatory 
response syndrome (SIRS) criteria plus a Sequential 
Organ Failure Assessment (SOFA) score of 2 or greater 
[indicating organ dysfunction] in the setting of known 
or suspected infection), mean modified SOFA score 
(with the neurologic component removed because our 
outcomes of interest were delirium and coma), study day, 
receipt of corticosteroids (yes/no), and mean 24-h doses 
of sedatives and opiates. Detailed descriptions of these 
covariates are included in the supplementary materials.

Statistical analysis
When a marker’s concentration was above the upper 
limit of detection, we assigned the value for the upper 
limit. When a marker’s concentration was below the 
lower limit of detection, we assigned a value between 0 
and the lower limit using a uniform distribution.

To test the hypothesis that markers of inflammation and 
endogenous anticoagulant activity during critical illness 
are associated with delirium and coma after adjusting for 
potential confounders, we used multivariable regression 
and adjusted for all previously listed covariates, which 
we selected based on previous research, biological 
plausibility, and effective sample size. We analyzed 
mental status outcomes in two ways. First, we determined 
the association between markers (measured on days 
1, 3, and 5) and mental status (categorized as normal, 
delirium, or coma) on the following day (i.e., assessed on 

days 2, 4, and 6) using multinomial logistic regression 
with bootstrapping to account for correlation amongst 
observations due to repeated measurements from a single 
subject. Second, to avoid confounding by death, which 
can truncate the duration of delirium and/or coma, we 
calculated the number of delirium/coma-free days as the 
number of days during the study period during which 
participants were alive with a normal mental status. We 
modeled the association between plasma markers and 
the number of delirium/coma-free days during the 7 days 
following marker measurement (i.e., days 1–7, 3–9, or 
days 5–11) using proportional odds logistic regression 
with Huber-White sandwich estimation to account for 
repeated measures. We present associations expressed 
as odds ratios (OR) and 95% confidence intervals (CI) 
comparing the biomarker concentration at the 75th 
percentile with that at the 25th percentile, with all 
covariates adjusted to their median or mode value. Odds 
ratios from multinomial regression models represent the 
odds of having delirium or coma on the following day, 
compared with normal mental status, associated with a 
change in the biomarker concentration from the 25th to 
the 75th percentile value. Odds ratios for proportional 
odds logistic regression models represent the odds of 
having more delirium/coma-free days, compared with 
fewer delirium/coma-free days, associated with a change 
in the biomarker concentration from the 25th to the 75th 
percentile value.

We used the plasma marker concentrations as the 
primary exposure for all analyses to reduce the influence 
of outliers and improve model fit. Missing data were 
handled using predictive mean matching, described 
in detail in the supplementary materials. We allowed 
associations with continuous covariates to be nonlinear 
using restricted cubic splines and excluded nonlinear 
terms when the P-value for the global test for nonlinearity 
was > 0.20. We used R (version 3.0.1) for all analyses.

Results
Between January 2007 and December 2010, we enrolled 
1,047 participants. During the index hospitalization, 7 
participants withdrew their permission to use their data. 
We were unable to collect blood from 49 participants 
(supplementary Figure S2). Thus, 991 participants with 
a median (interquartile range [IQR]) age of 62 (53 to 72) 
years old and a high severity of illness comprised the 
cohort (Table 1).

Delirium and coma
Mental status assessments were completed on over 97% 
of eligible participant-days. Supplementary Table  S2 
reports the frequency of missing mental status data by 
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study day. During the 11-day study period, approxi-
mately 7 out of every 10 participants developed delir-
ium lasting a median (IQR) of 3 (2–5) days (Table  1). 
Coma occurred in 6 out of every 10 participants and 
lasted a median of 3 (1–5) days. The distribution of 
mental status (i.e., delirium, coma, or normal) on study 

days 2, 4, and 6 is presented in supplementary Table S1 
in the electronic supplement.

Marker concentrations
Marker concentrations were measured on over 90% 
of eligible participant-days. Supplementary Table  S3 
reports the frequency of missing biomarker data by 
study day. Concentrations of each marker stratified by 
mental status on study days 1, 3, and 5 are presented in 
Fig. 1. The median concentrations of each marker from 
study days 1, 3, and 5 are presented in Table S4 in the 
electronic supplement.

Associations between markers of inflammation 
with delirium and coma the following day
After adjusting for age, severe sepsis, modified SOFA 
score, study day, steroid use, and doses of sedatives and 
opiates, higher concentrations of IL-6 (OR 1.8, 95% CI 
[1.4–2.3]; Table 2, Fig. 2A), IL-8 (OR 1.3, 95% [1.1–1.5]; 
Table 2, Fig. 2B), IL-10 (OR 1.5, 95% [1.2–1.8]; Table 2, 
Fig.  2C), TNF-α (OR 1.2, 95% [1.0–1.4]; Table  2, sup-
plementary Figure S3A), and TNFR1 (OR 1.3, 95% 
[1.1–1.6]; Table  2, supplementary Figure S3B) were 
associated with greater odds of delirium versus normal 
mental status the following day, whereas lower con-
centrations of protein C (OR 0.7, 95% [0.6 to 0.8]) were 
associated with greater odds of delirium the following 
day (Table 2, Fig. 2D). CRP, IFN-γ, IL-1β, IL-12, MMP-
9, and protein C concentrations were not associated 
with delirium (Table 2).

After adjusting for covariates, greater concentrations 
of CRP (OR 1.4, 95% [1.1–1.7]; Table  2, supplementary 
Figure S3C), IFN-γ (OR 1.3, 95% [1.1–1.6]; Table  2, 
supplementary Figure S3D), IL-6 (OR 2.3, 95% [1.8–3.0]; 
Table  2, Fig.  2A), IL-8 (OR 1.8, 95% [1.4–2.3]; Table  2, 
Fig.  2B), and IL-10 (OR 1.5, 95% [1.2–2.0]; Table  2, 
Fig.  2C) were associated with greater odds of coma on 
the following day. Lower concentrations of protein C (OR 
0.6, 95% [0.5–0.8]) were also associated with greater odds 
of coma on the following day (Table  2, Fig.  2D). IL-1β, 
IL-12, MMP-9, TNF-α, and TNFR1 concentrations were 
not associated with coma (Table 2).

Association between markers of inflammation 
and delirium/coma‑free days
After adjusting for covariates, higher levels of IL-6 (OR 
0.6, 95% CI [0.5–0.7]), IL-8 (OR 0.7, 95% [0.6–0.8]), and 
IL-10 (OR 0.7, 95% [0.6–0.8]) and lower levels of protein 
C (OR 1.3, 95% [1.1–1.5]) were associated with fewer 
delirium/coma-free days during the seven days following 
marker measurement (Table  3 and Fig.  3). CRP, IFN-γ, 
IL-1β, IL-12, MMP-9, TNF-α, and TNFR1 concentrations 

Table 1  Baseline characteristics and clinical outcomes

APACHE Acute Physiology and Chronic Health Evaluation, ICU intensive care unit, 
SOFA Sequential Organ Failure Assessment

*Includes gastric, colonic, vascular, urologic, orthopedic, obstetric/gynecologic, 
hepatobiliary/pancreatic, otorhinolaryngologic, or transplant
†  Among participants who had the clinical condition during the 11-day study 
period

Variable n = 991

Age (years) 62 (53–72)

Male 61% (605)

Race

 Caucasian 90% (899)

 African American 9% (86)

 Other 1% (6)

Education (years) 12 (12–14)

Charlson comorbidity index 2 (1–4)

APACHE II at admission 24 (18–30)

SOFA at enrollment 9 (7–11)

Mean daily SOFA in the ICU 7 (6–10)

Admission diagnoses

 Sepsis 32% (314)

 Acute respiratory failure 17% (164)

 Cardiogenic shock, myocardial ischemia, or congestive 
heart failure

17% (168)

 Airway protection or upper airway obstruction 10% (103)

 Surgical procedure* 16% (163)

 Neurologic disease or seizure 1% (12)

 Other diagnoses 7% (67)

Mechanically ventilated

 Ever 88% (875)

 Duration† 3 (2–8)

Sepsis

 Ever 70% (687)

 Duration† 4 (2–7)

Delirium

 Ever 70% (691)

 Duration† 3 (2–5)

Coma

 Ever 60% (587)

 Duration† 3 (1–5)

Length of stay (days)

 ICU 5 (3–11)

 Hospital 10 (6–18)

Mortality in hospital 19% (189)



691

were not associated with the number of delirium/coma-
free days (Table 3).

Discussion
This large, multicenter, prospective cohort study shows 
that markers of acute systemic inflammation and 
endogenous anticoagulant activity are independently 
associated with delirium and coma during critical 
illness. After adjusting for potential confounders, higher 
concentrations of IL-6, IL-8, IL-10, TNF-α, and TNFR1 
and lower concentrations of protein C were associated 
with delirium the day after marker measurement. 
Likewise, higher concentrations of CRP, IFN-γ, IL-6, IL-8, 
and IL-10 and lower concentrations of protein C were 
associated with coma the following day. The four markers 
associated with both delirium and coma the next day (i.e., 
IL-6, IL-8, IL-10, and protein C) were also associated 
with the number of days alive and free of delirium or 
coma in the week following marker measurement.

Our findings build on prior studies to support the 
hypothesis that acute systemic inflammation is important 
in the pathogenesis of delirium in patients with critical 
illness. The potential pathways by which inflammation 
and delirium are linked are reviewed in detail elsewhere 
[7, 8, 21, 22]. Nevertheless, the understanding of these 
pathways is derived in large part from animal models 
or studies of healthy volunteers exposed to bacteremia 
or lipopolysaccharide who developed sickness behavior 
(i.e., lethargy, fever, and reduced appetite), which 
can resemble some features of delirium [23–26]. 
Therefore, future mechanistic work in both animal 
models and human studies evaluating the effect of 
systemic markers of inflammation and anticoagulation 
on pathways related to neuroinflammation, blood–
brain barrier integrity, endothelial function, neuronal 
injury, and neurotransmission are needed to understand 
better potential causal pathways of delirium during 
critical illness. The present study—the largest study of 
inflammation and delirium to date and the first to show 
the associations in question are independent of many 
potential confounders—serves to focus the spectrum of 
specific markers to be studied.

Fig. 1  Natural log concentration of each marker stratified by mental 
status on study days 1, 3, and 5. These box plots display the natural 
log concentration of each marker on study days 1, 3, and 5 according 
to mental status on the day following marker measurement (i.e., 
days 2, 4, and 6) with blue representing normal mental status, red 
representing delirium, and gray representing coma. The bold hori-
zontal line represents the median. The top and bottom of the boxes 
represent the 75th and 25th percentiles, respectively
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Prior studies have explored the association between 
inflammatory markers and delirium in patients with criti-
cal illness [10–16, 27]. Of these studies, six have explored 
this association with adjustment for potential confound-
ers common among critically ill patients [10–12, 14–16]. 
A Dutch cohort found IL-8 was associated with delirium 
in those with inflammatory (i.e., septic) critical illness, 
and IL-10 was associated with delirium in those with 
non-inflammatory (i.e., non-septic) critical illness [10]. A 
Brazilian cohort reported an association between TNFR1 
and TNFR2 and delirium in patients from a mixed ICU 
[14]. Likewise, we reported an association between 
TNFR1 and delirium in a cohort of mechanically venti-
lated patients [12]. In a second study, we found higher 
levels of CRP to be associated with a trend toward fewer 
delirium/coma-free days [11]. A Chinese study found 
CRP at ICU admission to be an associated with develop-
ment of delirium [15]. Finally, Khan and colleagues meas-
ured IL-6, IL-8, IL-10, and TNF-α at study enrollment in 
patients with delirium and reported those with the high-
est quartile of biomarker levels had the fewest number of 
delirium/coma-free days, longest durations of delirium, 
and highest severity of delirium [16].

Differences between these studies and the present 
one may explain these divergent results. First, each of 
these prior studies enrolled fewer than 321 participants, 
whereas we studied nearly 1000. Thus, our study had 
greater statistical power, thereby reducing the chance of 

false negative findings (i.e., type II errors). Second, our 
larger sample size allowed for adjustment of a greater 
number of covariates in our statistical models, reducing 
confounding and improving the precision of our esti-
mates. Third, we measured markers up to three times 
and analyzed mental status outcomes up to a week after-
wards. Because inflammatory marker levels may change 
over time [28], our more comprehensive approach to 
biomarker measurement may explain the differences 
with prior studies where markers were measured at one 
time point. Fourth, in our models, we allowed mental 
status to transition between normal, delirium, and coma 
on a daily basis and considered these mental states in 
light of potential confounding related to death and dis-
charge, representing an advance in statistical technique. 
Fifth, the markers in previous studies varied and were 
in some cases analyzed in the same regression model. 
We adjusted for baseline and clinical covariates but not 
for concentrations of other markers. Because the effects 
of specific inflammatory markers are complex, interre-
lated, and environment specific [22, 29], future studies 
are needed to determine the predictive validity of specific 
markers (or panels of markers) in the development of 
delirium while also considering clinical covariates.

Low concentrations of protein C were associated with 
greater odds of delirium, confirming our prior work 
in a smaller cohort [12]. Protein C, best known for its 
anticoagulant properties, exerts anti-inflammatory and 

Table 2  Associations between markers of inflammation with delirium and with coma the following day

CI confidence interval, CRP C-reactive protein, IFN interferon, IL interleukin, MMP matrix metalloproteinase, OR odds ratio, TNF tumor necrosis factor, TNFR tumor 
necrosis factor receptor
a  Values represent the natural log biomarker concentration
b  Odds ratios compare the odds of being delirious (or comatose) rather than normal (the reference category) on the following day for a patient with a biomarker 
concentration at the 75th percentile vs. a patient with a biomarker concentration at the 25th percentile, with all other covariates adjusted to the median or 
mode. Thus, for IL-6, a patient with a concentration at the 75th percentile has 80% greater odds of being delirious on the following day than a patient with an IL-6 
concentration at the 25th percentile
c  The P-value represents the significance of the overall model, whereas the odds ratio represents the magnitude of the association between biomarker and delirium 
or coma the following day

Marker 75th percentilea 25th percentilea Delirium Coma

ORb 95% CI p valuec ORb 95% CI p valuec

CRP (ng/mL) 12.2 10.9 1 0.8–1.2 0.11 1.4 1.1–1.7 0.02

IFN-γ (pg/mL) 1.1 − 0.9 1.1 1–1.3 0.21 1.3 1.1–1.6 0.02

IL-1β (pg/mL) − 0.2 − 1.5 1 0.9–1.1 0.42 1.1 0.9–1.3 0.38

IL-6 (pg/mL) 4.2 2 1.8 1.5–2.3 < 0.0001 2.3 1.8–3 < 0.0001

IL-8 (pg/mL) 2.7 1.3 1.3 1.1–1.5 0.03 1.8 1.4–2.3 < 0.0001

IL-10 (pg/mL) 3.2 1.3 1.5 1.2–1.8 < 0.001 1.5 1.2–2 0.005

IL-12 (pg/mL) 1.4 − 0.7 1.1 1–1.3 0.42 1.1 0.9–1.3 0.57

MMP-9 (ng/mL) 12.6 11.2 0.9 0.8–1.1 0.66 1 0.8–1.2 0.93

TNF-α (pg/mL) 2.7 1.6 1.2 1–1.4 0.04 1.2 1–1.5 0.14

TNFR1 (pg/mL) 9.7 8.4 1.3 1.1–1.6 0.01 1.2 0.9–1.5 0.39

Protein C (% control) 4.8 4.1 0.7 0.6–0.8 < 0.001 0.6 0.5–0.8 < 0.001
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cytoprotective effects on endothelial cells and neurons, 
potentially interacting with a number of pathways 
hypothesized to result in delirium [30]. Though studies 
of recombinant human activated protein C (rhAPC) 
demonstrated no mortality benefit in sepsis, the effect 
of rhAPC on delirium remains unknown [31–33]. Given 
the neuroprotective and neurogenic effects of activated 
protein C in mouse models of other forms of neurological 
injury (e.g., stroke and traumatic brain injury) [34], 
the role of activated protein C on delirium should be 
investigated in future pre-clinical and clinical studies.

Two prior studies have examined markers of 
inflammation and coma [13, 16]. Skrobik and colleagues 
reported IL-6 levels were lower in patients with coma 
than in those with delirium, but not different than 
those with normal mental status. Levels of IL-8 did not 
differ according to mental status [13]. These unadjusted 
findings suggest different mechanisms might underlie 
delirium and coma. Khan et  al., alternatively, reported 
higher levels of IL-6, TNF-α, and CRP were associated 
with the number of days of coma, whereas IL-8 and 

IL-10 were not, in a 321-patient cohort, all of whom had 
delirium at study enrollment. In our cohort, we adjusted 
for potential confounders common among those with 
critical illness, included participants with and without 
delirium or coma, and found that the same markers 
(IL-6, IL-8, IL-10, and CRP) that were associated with 
delirium were also associated with coma, suggesting 
that inflammation and coagulation are pathways that 
underlies both syndromes. These data suggest that 
studies targeting these pathways during critical illness 
should also examine delirium and coma outcomes.

Despite the strengths of the current investigation, our 
findings should be considered in the context of several 
limitations. We collected markers only during the first 
5 days of study enrollment and therefore cannot comment 
on the association between the persistence or resolution 
of inflammation and disordered endogenous anticoagu-
lation or the kinetics of these biomarkers with delirium 
and/or coma. Indeed, the lack of marker data after day 5 
may explain our previous analyses found no associations 
between markers of inflammation or coagulation and 

Fig. 2  Associations between markers of inflammation and mental status. These figures display the natural log concentration of each biomarker level 
(x-axis) versus the adjusted probabilities of mental status on the following day (y-axis). For each figure, the 3 panels from left to right, display the associa-
tion between marker concentration and normal mental status (blue), delirium (red), or coma (gray), respectively. Solid lines indicate associations. Shad-
ing indicates 95% confidence intervals. Higher concentrations IL-6 (A), IL-8 (B), and IL-10 (C) were associated with a lower adjusted probability of normal 
mental status the following day and higher probabilities of delirium or coma (see Table 2). In contrast, higher concentrations of protein C (D) were 
associated with a higher adjusted probability of normal mental status on the following day and lower probabilities of delirium or coma (see Table 2)
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long-term cognitive outcomes [35]. Second, we meas-
ured 11 markers but did not examine an exhaustive list 
of markers. The markers we studied may not represent all 
direct and indirect pathways by which systemic inflamma-
tion and endogenous anticoagulation affect the brain to 
result in delirium and coma. Third, we assessed the rela-
tionship between individual markers with delirium and 
coma. Because these markers function in larger biological 
pathways, future studies should explore the downstream 
signaling pathways of these markers and determine 
whether specific patterns (or profiles) involving multi-
ple markers and transitions are associated with delirium 
and coma, to aid in further mechanistic understanding of 
delirium and coma. Fourth, many patients were delirious 
or comatose at the time of study enrollment, reflective of 
the high severity of illness in this cohort. Thus, we are not 
able to test the association between markers of inflamma-
tion and incident delirium and coma. Nevertheless, our 
findings show that marker concentrations were associ-
ated with subsequent days of acute brain dysfunction, an 
important finding given the prognostic implications of 
delirium duration [3, 5, 6]. Fifth, we did not collect data 
on use of medications that could affect endogenous anti-
coagulant activity (e.g., heparin, low-molecular weight 
heparins [LMWH]) and might confound the association 
between protein C concentrations and mental status. 
These medications block activation of protein C, result-
ing in lower activity. Nevertheless, two studies found that 
heparin and LMWH were associated with a lower risk 
of delirium, a relationship which, if present in our study, 

Table 3  Associations between markers of inflammation and delirium/coma-free days during the following week

CI confidence interval, CRP C-reactive protein, IFN interferon, IL interleukin, MMP matrix metalloproteinase, OR odds ratio, TNF tumor necrosis factor, TNFR tumor 
necrosis factor receptor
a  Values represent the natural log biomarker concentration
b  Odds ratios compare the odds of having more days alive without coma or delirium (i.e., more delirium/coma-free days) during the seven days after marker 
measurement to the odds of having fewer days alive without coma or delirium for a patient with a marker concentration at the 75th percentile vs. a patient with a 
biomarker concentration at the 25th percentile, with all other covariates adjusted to the median or mode. Thus, for IL-6, a patient with a concentration at the 75th 
percentile has 40% lower odds of having more delirium/coma free days than a patient with an IL-6 concentration at the 25th percentile
c  The P-value represents the significance of the overall model, whereas the odds ratio represents the magnitude of the association between biomarker and the 
number of delirium/coma-free days

Marker 75th Percentilea 25th Percentilea ORb 95% CI p valuec

CRP (ng/mL) 12.2 10.9 0.9 0.7–1 0.68

IFN-γ (pg/mL) 1.1 − 0.9 0.9 0.8–1 0.12

IL-1β (pg/mL) − 0.2 − 1.5 1 0.9–1.1 0.60

IL-6 (pg/mL) 4.2 2 0.6 0.5–0.7 < 0.0001

IL-8 (pg/mL) 2.7 1.3 0.7 0.6–0.8 < 0.0001

IL-10 (pg/mL) 3.2 1.3 0.7 0.6–0.8 0.0002

IL-12 (pg/mL) 1.4 − 0.7 1 0.9–1.1 0.91

MMP-9 (pg/mL) 12.6 11.2 1 0.9–1.1 0.92

TNF-α (pg/mL) 2.7 1.6 1 0.8–1.1 0.47

TNFR1 (pg/mL) 9.7 8.4 0.8 0.7–1 0.21

Protein C (% control) 4.8 4.1 1.3 1.1–1.5 0.008

Fig. 3  Associations between markers of inflammation and delirium/
coma-free days. These figures display the natural log concentra-
tion of each marker level (x-axis) versus the adjusted probabilities 
of more delirium/coma-free days during the next week (y-axis). 
The association with IL-6 is indicated in panel A, with IL-8 in panel 
B, with IL-10 in panel C, and with protein C in panel D. Solid lines 
indicate associations. Shading indicates 95% confidence intervals. 
The adjusted probability of more delirium/coma-free days decreased 
as the concentrations of IL-6 (Fig. 2A), IL-8 (Fig. 2B) and IL-10 (Fig. 2C) 
increased (see Table 3 for effect size). As the concentration of protein 
C increased (Fig. 2D), however, the probability of more delirium/
coma-free days increased (see Table 3 for effect size)
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would bias our findings toward the null [36, 37]. Thus, 
without adjusting for anticoagulant medications, our 
models may be conservative. Future studies of the effect 
of endogenous anticoagulant activity on mental status in 
critical illness should account for administration of these 
medications and measure plasma activity of these drugs 
to advance the understanding of the relationship between 
endogenous anticoagulation with mental status. Finally, as 
with all observational studies, we cannot rule out the pos-
sibility of unmeasured confounding.

In summary, we found consistent associations 
between IL-6, IL-8, IL-10, and protein C with delirium 
and coma the day following marker measurement as 
well as the number of delirium/coma-free days over the 
next week. These data support the hypothesis that sys-
temic inflammation and possibly disordered coagula-
tion play a role in the pathophysiology of delirium and 
coma during critical illness.
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