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ORIGINAL ARTICLE

Biomarkers of neuropsychiatric dysfunction in intensive
care unit survivors: a prospective cohort study

ABSTRACT was independently related to the

occurrence of long-term cognitive
impairment. In addition, higher levels
of IL-10 and IL-6 were associated
with cognitive dysfunction. Only IL-6
was independently associated with
depression. Mechanical ventilation, IL-
33 levels, and C-reactive protein levels
were independently associated with
anxiety. No variables were independently
associated with posttraumatic stress
disorder.

Conclusion: Cognitive dysfunction,
as well as symptoms of depression,
anxiety, and posttraumatic stress disorder,
are present in patients who survive
a critical illness, and some of these
outcomes are associated with the levels
of inflammatory biomarkers measured
at discharge from the intensive care unit.

Objective: To assess factors associated
with long-term neuropsychiatric outcomes,
including biomarkers measured after
discharge from the intensive care unit.

Methods: A prospective cohort
study was performed with 65 intensive
care unit survivors. The cognitive
evaluation was performed through the
Mini-Mental State Examination, the
symptoms of anxiety and depression
were evaluated using the Hospital
Anxiety and Depression Scale, and
posttraumatic stress disorder was
evaluated using the Impact of Event
Scale-6. Plasma levels of amyloid-
beta (1-42) [AB (1-42)], AP (1-40),
interleukin (IL)-10, IL-6, IL-33, IL-
4, IL-5, tumor necrosis factor alpha,
C-reactive protein, and brain-derived
neurotrophic factor were measured at
intensive care unit discharge.

Results: Of the variables associated
with intensive care, only delirium

Keywords: Critical illness; Critical
care outcomes; Cognitive dysfunction;
Anxiety; Depression; Delirium; Patient
discharge; Biomarkers; Intensive care units

INTRODUCTION

With the advancement of assistance to critically ill patients, there was a
decrease in mortality, leading to the need to analyze the impact of intensive
care on long-term outcomes. Survivors of critical illness can develop
postintensive care syndrome (PICS), a spectrum of conditions that include
persistent cognitive dysfunction, acquired weakness, and psychiatric disorders,®

) Postintensive care syndrome can be

resulting in a decreased quality of life.
defined as a new or worsening impairment in physical, cognitive or mental
health status arising and persisting after hospitalization for critical illness,"”
and global studies focus on one or two PICS parameters.” These persistent
physical, cognitive, and psychological deficiencies experienced by intensive care

unit (ICU) survivors present relevant public health problems."

This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/).
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There are reports that impairment of numerous
neuropsychiatric domains that can directly and negatively
affect the patient’s function is seen post-ICU discharge."”
The presence of depression, anxiety, posttraumatic stress
disorder (PTSD), and cognitive impairments results in
physical, psychological, and sometimes financial damage to
patients, thereby deteriorating their quality of life.!>9

A recent meta-analysis identified 60 risk factors for the
development of PICS, of which 33 were categorized as
personal and 27 as ICU-related." Interestingly, most risk
factors for neuropsychiatric impairments were not related to
ICU care itself but to premorbid patient characteristics."”
Additionally, some of the proposed mechanisms for PICS
overlap with other chronic diseases, such as cardiovascular
disease, depression, and dementia, and from this perspective,
inflammation, neurotrophic factors, and amyloid-beta (Af)
would be major target candidates to be PICS biomarkers.'¢!®

Since the origin of PICS is multifactorial, the analysis
of biomarkers can provide valuable information on
the underlying mechanisms.""® Previous research has
linked inflammation to the development of acute brain

(1921 Focusing on PICS, some studies

dysfunction.
collected biomarkers at ICU admission and associated
them with long-term outcomes.®?* There are few reports
associating biomarkers after acute disease resolution
(i.e., after ICU or hospital discharge),®?% and long-
term outcomes. Inflammation at ICU discharge can
independently be associated with one-year mortality in
septic patients.?® Additionally, we demonstrated in a
retrospective study that elevated circulating interleukin
(IL)-6 and IL-10 concentrations at hospital discharge
were associated with long-term cognitive dysfunction in
ICU survivors.®

Therefore, this study aimed to assess factors associated
with long-term neuropsychiatric outcomes, including
biomarkers measured after discharge from the ICU. We
hypothesize that even after discharge from the ICU,
inflammation, neurotrophic factors, and AP still have an

impact on long-term neuropsychiatric outcomes.

METHODS

This was a single-center prospective cohort study
approved by the Institutional Review Boards of our
university (protocol 1.993.271) and hospital (protocol
1.824.369). All patients or their surrogates provided written

consent before study inclusion.
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Setting and patients

The sample of the present study consisted of all patients
who were admitted to a 20-bed ICU from a tertiary care,
University-associated Hospital in southern Santa Catarina
State, Brazil, from January 1, 2017, to December 31, 2017.
The inclusion criteria were as follows: patients aged > 18
years who stayed in the ICU for > 72 hours (medical
or urgent surgery admissions) or > 120 hours (elective
surgery admissions), hospitalized within 24 - 120 hours
after ICU discharge, and those who provided consent to
participate in the study. Exclusion criteria were as follows:
patients transferred from another ICU, ICU discharge to
home or another hospital, admitted to the ICU due to
exclusive palliative care or neurologic causes, and previous
neurodegenerative disease.

Procedures

All patients who were discharged from the ICU were
screened daily, and those who met the inclusion criteria were
considered eligible. The patient was invited to participate in
the study from 24 to 120 hours after ICU discharge. At this
time, sociodemographic characteristics, ICU admission, and
ICU intervention data were collected. Disease severity was
assessed by the Simplified Acute Physiology Score (SAPS)
III score. Organ dysfunction was assessed by the Sequential
Organ Failure Assessment (SOFA) score. Comorbidities
were integrated into the Charlson comorbidity index, which
included nineteen comorbidities in a weighted index that
predicts the risk of death within 1 year of hospitalization.
Delirium was measured using the Confusion Assessment
Method for ICU (CAM-ICU) as part of the usual patient
care. Furthermore, the referred diagnosis of anxiety and
depression and the Barthel index prior to ICU admission
were collected. Additionally, SmL of blood was collected for
the measurement of biomarkers.

Four months after hospital discharge, cognition and
symptoms of anxiety and depression were assessed in the

university outpatient clinic.

Cognitive assessment

The Mini-Mental State Examination (MMSE) was
performed to assess cognitive function. The following
cutoff scores were used to classify patients as having
cognitive deficiency: < 24 with higher education; < 23
with 6 to 12 years of study; < 22 with less than 6 years of

study; and < 21 for illiterates.®”
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Symptoms of anxiety and depression

This was assessed using the Hospital Anxiety and Depression
Scale (HADS).?%% For the anxiety subscale (HADS-A)
and depression subscale (HADS-D), the following cutoff scores
were considered: 0 - 7 points: unlikely anxiety or depression;
8 - 11 points: possible anxiety or depression; 12 - 21 points:
likely anxiety or depression. Thus, depression and anxiety were
defined as HADS = 8 points.

Posttraumatic stress disorder

Posttraumatic stress disorder was assessed using the Impact
of Event Scale-6 (IES-6) with a cutoff score of 1.75.69

Biomarker determination

Plasma levels of Ap (1-42), AB (1-40), IL-10, IL-6,
IL-33, IL-4, IL-5, tumor necrosis factor alpha (TNF-a),
C-reactive protein (CRP), and brain-derived neurotrophic
factor (BDNF) were evaluated using R&D ELISA kits.
All markers, except CRP, were expressed as pg/mL.
C-reactive protein was expressed as ng/mL.

Statistical analysis

Inferential analysis of the data was performed using
Statistical Package for the Social Sciences (SPSS), version 17.0.
Continuous variables are summarized as the mean + standard
deviation (SD) or median and interquartile range (IQR).
The homogeneity of variances was assessed by the Levene
test. Categorical variables are presented as numbers and
percentages and were compared using chi-square tests. Binary
regression was used to assess the independent risk factors for
outcomes. The model only included variables that had a p
value of < 0.25 in the univariate analysis. Since mechanical
ventilation, sedation use, and delirium had a clinically relevant
association (Cramer’s V statistic 0.83, p < 0.00001 between
mechanical ventilation and sedation, 0.50, p = 0.001 between
mechanical ventilation and delirium, and 0.38, p = 0.012
between sedation and delirium), the variable with a lower p
value for every single outcome in the univariate analysis was
entered in the final model. The results from the univariate
analysis are presented as p values, and those from binary
regression are presented as relative risks and 95% confidence
intervals. In all analyses, a p value of < 0.05 was considered
to indicate statistical significance.
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RESULTS

From January 2017 to December 2017, a total of 389
patients were screened after ICU discharge (Figure 1). From
these, 227 patients were excluded: 36 were readmitted to
the ICU within 24 hours, 31 were aged < 18 years old,
51 were discharged to another hospital within 24 hours
and 109 were unable or refused to give consent. Of the
remaining 162 patients, 28 died during the 4-month
follow-up, and another 69 patients were lost to follow-up.
Thus, at the end of the 4-month follow-up, 65 patients
were included in the analysis of cognitive dysfunction,
depression, anxiety, and PTSD. General characteristics
from the whole sample are presented in table 1. When
comparing the baseline characteristics of the 69 patients
who were lost to follow-up to those 65 included patients,
no significant difference was found (data not shown).

The first outcome evaluated was the presence of cognitive
dysfunction, and 23 (35%) patients presented with cognitive
dysfunction (Table 2). Among the variables associated with

intensive care, only delirium was significantly related to the

Figure 1 - Flowchart of included patients.
ICU - intensive care unit.



Table 1 - General characteristics of the included patients

Characteristics
Age (years) 53 £ 17
Sex, male 40 (62)
Charlson score 1.94 1.7
Admission type

Clinical 38 (58)

Surgical, planned 1(1.5)

Surgical, unplanned 26 (40)
SAPS Il 59 =13
SOFA 35=x26
Vasopressor, yes 34 (52)
Sedation, yes 19 (29)
Mechanical ventilation, yes 28 (43)
Delirium, yes (%) 9 (14)
Nosocomial infection, yes 16 (25)
Length of ICU stay 5(3-10)
Previous diagnosis of anxiety, yes 15 (23)
Previous diagnosis of depression, yes 19 (29)
Barthel index 91 =15

ICU - Intensive care unit; SAPS - Simplified Acute Physiologic Score; SOFA - Sequential Organ Failure
Assessment. Results expressed as mean = standard deviation, n (%) or median (interquartile range).
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occurrence of long-term cognitive dysfunction (p = 0.034). In
addition, elevated levels of IL-10 (p = 0.007) and IL-5 (p =
0.044) were associated with cognitive dysfunction in the
univariate analysis. In the regression analysis, the only clinical
variable independently associated with cognitive dysfunction
was the presence of delirium during the ICU stay. Three
different inflammatory markers were independently associated
with long-term cognitive dysfunction: IL-6, IL-10, and IL-5.
Of the 65 patients, 40 (62%) had depression 4 months
after discharge. No single care-related variable and only one
biomarker (IL-6) were associated with depression in the
univariate analysis (Table 3). Interestingly, only IL-6 levels
were independently associated with depression in our sample.
Furthermore, 37 (57%) patients presented with anxiety, and
only mechanical ventilation and IL-33 and CRP levels were
significantly associated with this outcome in the univariate
analysis (Table 4). However, none of the variables were
independently associated with anxiety in this sample.
Thirteen (20%) survivors presented with symptoms of
PTSD; however, no measured variable was associated with
PTSD in either the univariate or multivariate analyses (Table 5).

Table 2 - Independent predictors of cognitive dysfunction four months after intensive care unit discharge

Cognitive dysfunction

No Yes p value* RR (95%CI)t
n =42 n=23
Age (years) 56 = 16 48 + 17 0.09 0.98 (0.94 - 1.02)
Sex, male 26 (62) 14 (61) 0.93
Charlson score 2.05 =179 1.74 = 1.54 0.49
SAPS Ill score 59 =12 58 + 16 0.97
SOFA score 3827 3.1+22 0.32
Vasopressor, yes 23 (55) 11 (48) 0.59
Sedation, yes 10 (24) 9 (39) 0.19
Mechanical ventilation, yes 15 (36) 13 (57) 0.10
Delirium, yes 3(7) 6 (26) 0.034 9.1 (1.5-54)
Nosocomial infection, yes 9(21) 7 (30) 0.42
Previous diagnosis of anxiety, yes 11 (26) 4(17) 0.42
Previous diagnosis of depression, yes 12 (28) 7 (30) 0.87
Previous Barthel index 92 =14 90 = 16 0.75
AB 1-42 49 =+ 61 46 + 41 0.79
AB 1-40 12 =17 16 = 31 0.53
IL-10 28 8 43 + 33 0.007 1.07 (1.02 -1.13)
IL-6 1,653 = 1,278 2,387 + 1,933 0.07 1(1-1.001)
IL-33 84 +35 85 +59 0.44
TNF 85 +6.3 717 0.28
-4 70 + 65 85 + 53 0.35
IL-5 10=+73 16 =13 0.044 1.07 (1-1.16)
CRP 47 = 64 32+28 0.31
BDNF 109 = 39 110 = 39 0.87

RR - relative risk; Cl - confidence interval; SAPS - Simplified Acute Physiologic Score; SOFA - Sequential Organ Failure Assessment; Ap - amyloid-beta; IL - interleukin; TNF - tumor necrosis factor; CRP - C-reactive protein; BDNF -
brain-derived neurotrophic factor; % - percentage of the subgroup total. * Based on a univariate analysis; T based on a binary regression model that included age, delirium, IL-10, IL-6 and IL-5. Results expressed as mean + standard

deviation and n (%).

Crit Care Sci. 2023;35(2):147-155
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Table 3 - Independent predictors of depression four months after intensive care unit discharge

Depression
No Yes p value* RR (95%CI)t
n=25 n =40

Age (years) 54 =17 53 =17 0.76
Sex, male 16 (64) 24 (60) 0.74
Charlson score 1.88 = 1.87 198 £16 0.82
SAPS 58 + 15 59 + 12 0.75
SOFA 37+26 33+25 0.59
Vasopressor, yes 10 (40) 24 (60) 0.11 0.42 (0.13-1.36)
Sedation, yes 8 (32) 10 (25) 0.69
Mechanical ventilation, yes 11 (44) 17 (42) 0.90
Delirium, yes 2 (8) 7(18) 0.28
Nosocomial infection, yes 9 (36) 7(17) 0.09 26(0.75-9)
Previous diagnosis of anxiety, yes 4 (16) 11 (28) 0.28
Previous diagnosis of depression, yes 7(28) 12 (30) 0.86
Previous Barthel index 90 =17 9310 0.38
AB 1-42 48 = 39 48 +63 0.96
Ap 1-40 12+ 25 14 =21 0.70
IL-10 35+ 27 32+18 0.62
IL-6 1,583 = 1,263 2,440 = 1,868 0.031 1(1-1.001)
IL-33 84 5.1 84 + 4.1 0.89
TNF 72+19 84 +64 0.36
-4 88 = 78 67 = 47 0.24 1.00 (0.99 - 1.01)
IL-5 12 =84 12 +10 0.81
CRP 29 =21 50 + 66 0.07 0.99 (0.97 - 1.01)
BDNF 106 + 28 111 + 44 0.59

RR - relative risk; Cl - confidence interval; SAPS - Simplified Acute Physiologic Score; SOFA - Sequential Organ Failure Assessment; AB - amyloid-beta; IL - interleukin; TNF - tumor necrosis factor; CRP - C-reactive protein;
BDNF - Brain-derived neurotrophic factor; % - percentage of the subgroup total. * Based on a univariate analysis; T based on a binary regression model that included vasopressor, nosocomial infection, IL-6, IL-4 and C-reactive

protein. Results expressed as mean = standard deviation and n (%).

Table 4 - Independent predictors of anxiety four months after intensive care unit discharge

Anxiety
No Yes p value* RR (95%CI)t
n=28 n =317
Age (years) 52 = 18) 54 + 16) 0.54
Sex, male 16 (57) 24 (65) 0.52
Charlson score 1.68 = 1.54 214 18 0.28
SAPS 60 + 14 58 = 13 0.53
SOFA 3625 3.4(26 0.68
Vasopressor, yes 14 (50) 20 (54) 0.74
Sedation, yes 6 (21) 13 (35) 0.22
Mechanical ventilation, yes 16 (57) 12 (32) 0.046 3.1(0.95-10)
Delirium, yes 3(10) 6 (16) 0.52
Nosocomial infection, yes 5(18) 11 (30) 0.27
Previous diagnosis of anxiety, yes 6 (21) 9 (24) 0.78
Previous diagnosis of depression, yes 7 (25) 12 (32) 0.51
Previous Barthel index 92 =17 91 =12 0.64
AB 1-42 44 + 43 51 = 63 0.60
AB 1-40 13+ 18 14 + 26 0.95
IL-10 34 =25 3319 0.89
Continua...
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Anxiety
No Yes p value* RR (95%CI)t
n=28 n =317
IL-6 1,605 =+ 1,233 2,145 = 1,760 017 1.00 (0.99 - 1.00)
IL-33 83 =33 85 = 5.1 0.043 0.86 (0.74 - 1.01)
TNF 69+ 14 8.8 = 6.7 0.096 0.87 (0.68- 1.01)
IL-4 78 = 69 74 = 55 0.8
IL-5 12 +89 12 =10 0.88
CRP 28 = 23 52 + 68 0.049 0.98 (0.96 - 1.0)
BDNF 115 = 53 104 = 23 0.31

RR - relative risk; CI - confidence interval; SAPS - Simplified Acute Physiologic Score; SOFA - Sequential Organ Failure Assessment; AB - amyloid-beta; IL - interleukin; TNF - tumor necrosis factor; CRP - C-reactive protein;
BDNF - Brain-derived neurotrophic factor; % - percentage of the subgroup total. * Based on a univariate analysis; 1 based on a binary regression model that included mechanical ventilation, IL-6, IL-33, tumor necrosis factor and

C-reactive protein. Results expressed as mean =+ standard deviation and n (%).

Table 5 - Independent predictors of posttraumatic stress disorder four months after intensive care unit discharge

Posttraumatic stress disorder

No Yes p value* RR (95%CI)t
n=52 n=13
Age (years) 55 =17 47 =15 0.15 0.98(0.94-1.02)
Sex, male 32 (62) 8 (62) 1.0
Charlson score 1.96 = 1.83 1.85 = 1.06 0.82
SAPS score 59 + 14 55+ 9 0.18 0.98 (0.93 - 1.03)
SOFA 3321 43+39 0.38
Vasopressor, yes 28 (54) 6 (46) 0.61
Sedation, yes 15 (29) 4 (31) 0.89
Mechanical ventilation, yes 22 (42) 6 (46) 0.80
Delirium, yes 8 (15) 1(8) 0.47
Nosocomial infection, yes 14 (27) 2 (15) 0.38
Previous diagnosis of anxiety, yes 11(21) 4 (30) 0.46
Previous diagnosis of depression, yes 16 (31) 3(23) 0.58
Previous Barthel index 93 + 14 85+ 18 0.20 0.97 (0.94 - 1.01)
AB 1-42 46 + 58 55 + 42 0.63
AB 1-40 14 = 25 12 =12 0.83
IL-10 3217 40 = 35 0.24 1.01 (0.98 - 1.03)
IL-6 1,512 = 817 2,013 = 1,695 0.30
IL-33 84 + 4.6 84 =40 0.57
TNF 79 =57 8.1+17 0.95
-4 75 = 64 76 = 49 0.99
IL-5 13+10 MmM=77 0.50
CRP 46 = 59 26 + 24 0.25
BDNF 110 = 42 106 = 16 0.75

RR - relative risk; CI - confidence interval; SAPS - Simplified Acute Physiologic Score; SOFA - Sequential Organ Failure Assessment; AB - amyloid-beta; IL - interleukin; TNF - tumor necrosis factor; CRP - C-reactive protein;
BDNF - brain-derived neurotrophic factor; % - percentage of the subgroup total. * Based on a univariate analysis; t based on a binary regression model that included age, SAPS, and previous Barthel Index. Results expressed

as mean + standard deviation and n (%).

DISCUSSION

Here, we demonstrated that in addition to variables
related to critical illness, inflammatory biomarkers were
also related to these long-term outcomes, even when

collected after ICU discharge. This is different from

previous studies wherein blood was collected in the initial

days of ICU admission and could provide new insights
into how persistent low-grade inflammation observed in
survivors would impact long-term outcomes,” which
would help to better understand and design trials aimed
at preventing or treating PICS.®"3?)

The mechanisms involved in late neurocognitive

changes include inflammation and neuronal apoptosis,

Crit Care Sci. 2023;35(2):147-155
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which consequently cause cerebral atrophy.®*3% It is
believed that systemic insults of critical illnesses can lead to
damage to the blood—brain barrier, consequently resulting
in neuroinflammation and acute neuronal injury,®
Evidence points to the association of plasma biomarkers
of inflammation, endothelial dysfunction, damage to the
blood-brain barrier, and neuronal damage with the presence
of delirium,*3® and delirium was recently associated with
long-term outcomes.®**” Here, we demonstrated that
three different inflammatory markers were independently
associated with long-term cognitive impairment (IL-6, IL-
10, and IL-5). IL-6 and IL-10 are frequently related to long-

term outcomes in critically ill patients, including mortality,“"

2) Tt was

cardiovascular disease,*” and cognitive impairment.*
unexpected that IL-5 levels were associated with cognitive
dysfunction. IL-5 is a prototypical T helper cell type 2 (Th2)
cytokine, and IL-33 is believed to have a protective effect
on brain inflammation and cognitive decline.“? Another
intriguing factor is that AP (1-40) and AP (1-42) are not
related to long-term cognitive impairment. It was expected
from animal models that an increase in these markers would

n.%* Inflammation

be related to long-term cognitive functio
and formation of A is a well-known phenomenon; however,
we could not observe this in our cohort, and AP (1-40) and
AP (1-41) levels were associated with the risk of dementia.“”

Psychological morbidity is persistent, and the observed
symptoms of depression and anxiety in these patients can
negatively impact their quality of life. IL-6 was independently
associated with depression; however, anxiety was associated
with IL-33 and CRP levels. Furthermore, no biomarker was
associated with PTSD. At least in animal models, anxiety
and depression are strongly associated events.“”” Chronic
mild stress causes both anxiety and depression, is associated
with long-term cognitive dysfunction, and potentiates the
dysfunction observed in septic survivors.“**) It is believed
that chronic stress and inflammation combine to compromise
vascular and brain function. The resulting increases in
proinflammatory cytokines and microglial activation drive
brain pathology, leading to depression and mild cognitive
impairment.®” Unfortunately, we could not determine a
clear relationship between cytokines and both depressive
and anxious states 4 months after hospital discharge. This
either indicates that these are nonrelated dysfunctions in this
population, or it only indicates a limitation of our study and
should be further evaluated.

Crit Care Sci. 2023;35(2):147-155

Some aspects of our study should be noted. First,
approximately 50% loss to follow-up was observed during
the 4-month follow-up period, and we likely missed
more disabled patients who could not visit our outpatient
clinic. However, baseline characteristics were similar
when comparing these two groups of patients. Second,
it was decided that blood should be collected after ICU
discharge; thus, the measured biomarkers do not reflect
the acute inflammatory response related to critical illness
but probably are an indicator of the chronic low-grade
inflammation observed in survivors, thus resulting in
different pathophysiological implications when compared
with the results of other studies. Ideally, blood collection
at ICU admission, ICU discharge, hospital discharge,
and outpatient clinic evaluation would provide a more
comprehensive understanding of the impact of biomarkers
on long-term neuropsychological outcomes, and to this end,
a multicenter effort is highly relevant. Third, cerebrospinal
fluid (CSF) biomarkers may better reflect brain-specific
modifications that could drive neuropsychiatric outcomes.
However, the obtention of CSF is not routinely employed
in the care of critically ill patients. In this context, the use
of plasma biomarkers is more clinically relevant, despite the
fact that it can lose some information only given by CSF
biomarkers. Fourth, baseline assessment of the patient’s
cognitive status and anxiety, depression or PTSD symptoms
was not possible due to the nature of ICU conditions. Thus,
we analyzed prevalent and not incident symptoms. This is
a limitation intrinsic to almost every study in this field.
Fifth, given the small number of events due to the limited
sample size, the regression analysis may be underpowered;
therefore, it is important to keep this limitation in mind
when interpreting the results presented here.

CONCLUSION

Cognitive dysfunction, as well as symptoms of depression,
anxiety, and posttraumatic stress disorder, are present in
patients who survive a critical illness. However, although
inflammation was a common pathway between all outcomes
measured, there was no single common biomarker that

predicted brain dysfunctions measured in this study.
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