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Abstract

Persistent inflammation in intensive care unit (ICU) survivors is associated with higher long-term mortality and poorer mobility.
However, it is unknown if inflammatory markers are associated with other dysfunctions observed in survivors of critical illness.
Thus, it was investigated if plasma levels of interleukin (IL)-6 and IL-10 at hospital discharge were associated with long-term
functional and cognitive performance after ICU discharge. Adult patients admitted for > 48 h to a 20-bed mixed ICU in a
University Hospital had blood collected within 48 h before hospital discharge to measure IL-6 and IL-10 levels. After a median
time of 48 months, cognitive status was determined by the Mini-Mental State Examination (MMSE), and functional status was
determined by the Barthel Index. Patients at the higher 25th percentile of both IL-6 and IL-10 had a worse long-term cognitive
performance, but not worse functional status, even when adjusted for confounders after long-term follow-up. In conclusion,
elevated circulating IL-6 and IL-10 concentrations at hospital discharge were associated with long-term cognitive dysfunction in
ICU survivors.
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Introduction

It is estimated that 13 to 20 million people annually require life
support in intensive care units (ICUs) worldwide [1].
Survivors of critical illness suffer loss of muscle mass, nerve
dysfunction, and resultant weakness and functional disability
that represent important and lasting morbidities [2]. The in-
flammatory nature of most critical illness raises the possibility
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that persisting inflammation could directly interfere with neu-
romuscular regeneration and brain function [2, 3] as the in-
flammatory response might persist at hospital discharge, even
though clinical signs have resolved and subjects seemed stable
for discharge [4].

In animal models that mimic long-term dysfunction-asso-
ciated with critical illness, we and others have demonstrated
persistent brain inflammation and muscle dysfunction [5-8].
Persistent inflammation, defined as higher circulating levels of
IL-6 and IL-10 at hospital discharge after community-
acquired pneumonia (CAP), was associated with all-cause
and cause-specific mortality over 1 year, despite resolution
of clinical signs of acute infection [4]. Recently, Griffith and
cols demonstrated that poorer mobility 3 months after ICU
discharge was associated with different inflammatory markers
[3]. This persisted even after adjusting for measures of pre-
existing comorbidity and acute illness severity [3]. However,
it is unknown if inflammatory markers are associated with
other dysfunctions observed in survivors of critical illness
after ICU discharge. Thus, our study aims to determine if
plasma levels of IL-6 and IL-10 at hospital discharge were
associated with long-term functional and cognitive perfor-
mance after ICU discharge.
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Material and Methods
Ethics Approval and Consent to Participate

The institutional review board at Hospital Sao José (number
61541616.7.0000.5364) approved the study, and a written in-
formed consent was obtained from all participants or their
proxies.

Patients

From January 2008 to December 2011, all consecutive adult
patients admitted for > 48 h to a 20-bed mixed ICU in a
University hospital were followed for different studies from
our group and had blood collected within 48 h before hospital
discharge. Since these were delirium-related studies, patients
who could not be assessed for delirium at any time during the
study period (patients with Richmond Agitation and Sedation
Scale (RASS) scores —4 or — 5 during the study period) and
patients admitted because of brain trauma, delirium, or other
neurological reason (e.g., stroke or subarachnoid hemorrhage)
were excluded. From a median time of 48 months (percentile
25 26 months, percentile 75: 52 months, minimum 20 months,
maximum 64 months), patients were evaluated to assess long-
term dysfunctions (see below).

Procedures

Demographic variables and disease characteristics were collect-
ed for all admitted patients. Long-term dysfunctions were eval-
uated in the University outpatient clinic or in the patient home
depending on patient convenience. Cognitive status was deter-
mined by the Mini-Mental State Examination (MMSE), and
impaired performance was defined as a cutoff score of fewer
than 24 points [9]. Functional status was determined by the
Barthel Index (Basic Activities of Daily Life—BADL) [10].
Impaired functional status was defined as a cutoff score of
fewer than 90 points. Comorbidities were evaluated by the
Adult Comorbidity Evaluation-27 (ACE-27) and considered
clinically relevant when the score was higher than 2.

Blood was obtained for cytokine assays within the last 48 h
before hospital discharge and in the long-term follow-up.
Blood was immediately centrifuged at 3000xg for 10 min,
and the plasma collected and stored at — 80 °C until assayed.
Plasma levels of IL-6 and IL-10 were determined by ELISA
according to the manufacturer’s instructions (Quantikine,
R&D Systems, Minneapolis, MN, USA).

Statistical Analysis
Standard descriptive statistics were used to characterize the

study population. Continuous variables were presented as a
median and interquartile interval. Differences in baseline
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characteristics and cytokine levels and long-term outcomes
were tested using chi-square or Mann-Whitney test. IL-6 and
IL-10 entered in most of the analyses (except in the multivar-
iate linear regression) as the odds among patients at the
highest 25th percentile of each cytokine levels versus all other
quartiles combined. Multivariate linear and logistic regression
analyses were performed to examine the independent associ-
ation between variables and outcomes (MMSE and BADL
entered the multivariate linear regression as a continuous var-
iable and the logistic regression as a dichotomous variable).
Variables yielding P values below 0.2 by univariate analysis
entered in the linear and logistic regression models. For the
logistic regression, since the number of events was low, it was
additionally performed models that included variables yield-
ing p values below 0.1 or 0.05. All these three models had a
similar performance so it was decided to include in the final
logistic regression only variables yielding p values below
0.05. Thus, it was created one model to the MMSE that in-
cluded years of formal education, age, APACHE score and
cytokine levels, and one model to the BADL that included
years of formal education, age, APACHE score, ACE-27,
and cytokine levels. Despite the fact that delirium and the time
of cognitive and functional assessment did not reach the p
value to be included in the regression analysis, they were
forced in the regression since they are clinically relevant
variables.

Results

Of the 663 subjects enrolled, 215 (32%) patients were dead at
the time of recruitment. Of the remaining 487 subjects, 369
(76%) patients were not found after 3 phone call attempts, and
19 (4%) subjects denied participation. Thus 60 subjects were
analyzed.

Table 1 describes baseline characteristics of included sub-
jects. The median age of subjects was 60 years, 75% were
male, and 20% had delirium during the ICU stay. Median
hospital stay was 12 days. Thirteen subjects (22%) were ad-
mitted to the ICU after coronary bypass graft surgery, and two
survivors had sepsis.

The median of IL-6 and IL-10 concentrations at hospital
discharge for all subjects was 5.0 and 12 pg/ml, respectively
(Table 1). The relation between IL-6 and IL-10 and long-term
dysfunctions are presented in Table 2. Patients at the higher
25th percentile of both IL-6 (High IL-6) and IL-10 (High IL-
10) had a worse performance in the MMSE. Actually, these
were the only variables independently associated with
MMSE. This was also true when delirium and the time of
cognitive assessment were forced into the regression.

However, this was not true to the BADL. Despite the fact
that IL-6 and IL-10 were associated with worse performance
in the univariate analysis, after correcting to confounders only,
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Table 1 Characteristics of
patients enrolled in the present
study

Patients characteristics

All patients (n =

60)

Age, years, median, (25-75) 60 (54-69)
Sex, male, n (%) 45 (75)
ACE-27>=2,n (%) 22 (37)
Years of formal education, median (25-75) 8 (4-8.7)
Time from hospital discharge, months, median (25-75) 48 (26-52)
Hospital Stay, days, median (25-75) 12 (8-21)
Type of ICU Admission

Surgical, n (%) 36 (60)
Medical, n (%) 24 (40)
ICU stay information

Sepsis during ICU stay, n (%) 2(3)
APACHE 11 score, points, median (25-75) 13 (8-18)
Mechanical ventilation, n (%) 25 42)
Sedation, n (%) 19 (32)
Delirium, n (%) 12 (20)
Mini-Mental State Examination, median (25-75) 26 (26-30)
Basic activities of daily life, median (25-75) 100 (100-100)
Hospital IL-6, pg/ml median, (25-75) 5(@4-6.7)
Hospital IL-10, pg/ml median, (25-75) 12 (9-19)

APACHE II acute physiology and chronic health disease classification system II, /CU intensive care unit, /L
interleukin, ACE-27 Adult Comorbidity Evaluation-27

APACHE 1II and ACE-27 scores were independently associ-
ated with impaired functional status (Table 2). Even if MMSE
was forced in the regression, there was no independent asso-
ciation between IL-6, IL-10, and BADL. In addition, MMSE
was not independently associated with impaired functional
status, nor the presence of delirum and the time of functional
assessment were forced into the regression.

Since the logistic regression could be overfitted due to the
low numbers of events, it was also performed a linear regres-
sion (Fig. la—d) and multiple linear regression that would
allow a more reliable result (Table 3). In the linear regression,
cytokines significantly correlated only to MMSE, but not
BADL scores (Fig. 1a—d). This was also true in the multiple
linear regression. Higher values of IL-6 and IL-10 were

significantly associated with lower scores on MMSE
(Table 3), but not with BADL scores. Plasma levels of IL-6
and IL-10 collected during follow-up visit were not associated
with long-term performance (data not shown).

Discussion

We demonstrated that higher concentrations of plasma inflam-
matory markers at hospital discharge were associated with
long-term cognitive dysfunction, but not impaired functional
status, in ICU survivors.

A sustained decline in physical activity and muscle
strength, long-term neurocognitive decline with an increased

Table 2 Relation between the -
highest 25th percentile of Cytokines
interleukin-6 and interleukin-10 IL-6

and outcomes: results from the

logistic regression Abnormal MMSE, n (%)

Abnormal Barthel Index, n (%)
IL-10

Abnormal MMSE, 7 (%)
Abnormal Barthel Index, n (%)

High Low Relative risk Relative risk
non-adjusted (95% CI) adjusted (95% CI)

12 (80) 24 86 (12-575) 30 (3.3-270)

8(53) 5(11) 9.1 (2.3-36) 4.2 (0.44-41)

11 (73) 3(7) 38 (7.4-197) 10 (1.3-87)

6 (40) 7(16) 3.6 (0.97-13) 0.57 (0.061-5.4)

Hosmer—Lemeshow goodness-of-fit chi-square 5.5, p =0.59, model AUROC 0.86 (0.72-0.99), for outcome
MMSE. Hoser—Lemeshow goodness-of-fit chi-square 3.4, p =0.90, model AUROC 0.73 (0.55-0.90), for out-

come Barthel index

MMSE Mini-Mental State Examination, CI confidence interval, /L interleukin
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risk of developing dementia, and increased functional limita-
tions are often observed in survivors of critical illness [11].
Plasma IL-6 and IL-10 concentrations were associated with
subsequent mortality after CAP hospitalization [4]. This sug-
gests that inflammatory response to infection persists even
after infection resolution. In addition, 3 months after hospital
discharge survivors from critical illness had a phenotype of
persisting inflammation (elevated c-reactive protein, human
neutrophil elastase, IL-6, IL-8, secretory leukocyte protease
inhibitor and decreased transforming growth factor), and this
phenotype was associated with poorer motor performance,
even after adjustment for confounders [3]. Our results add to
these published data that the degree of inflammation at hospi-
tal discharge is associated with long-term cognitive dysfunc-
tion. This was dissociated from a poorer functional status,
suggesting that inflammation impacts on brain function, but
not in other aspects that reflect on functional status. In this
context, it was previously demonstrated that specific aspects
of cognitive function (such as executive dysfunction), but not
a global cognitive impairment or memory performance, were
associated with poorer functional status [12]. Additionally, it
is important to note that in our small sample size, the majority
of patients had the maximum score in the BADL and this
could at least in part explain these unexpected results.

Experimental studies suggest that persistent brain inflam-
mation occurs after sepsis and major surgery [13, 14].
However, when blood was collected during critical illness,
inflammatory markers were not correlated to long-term dys-
function [15], despite the fact that delirium is associated with
accelerated cognitive decline [16]. Furthermore, plasma cyto-
kines are possible indicators of neuroinflammation in
Alzheimer’s disease (AD) and can be related to disease pro-
gression and conversion of mild cognitive impairment to AD
[17]. Thus, our results have some biological plausibility,
linking acute inflammation to sustained low-grade inflamma-
tion and the development of cognitive impairment.

There are some limitations to our study. We only studied
cytokine levels taken at hospital discharge and at follow-up
evaluation (median time 42 months). The evolution of system-
ic inflammation from hospital discharge and long-term evalu-
ation was missed, and temporal patterns may yield additional
information, like causality between inflammation and long-
term dysfunction. Second, only IL-6 and IL-10 were mea-
sured, and this does not clearly represent the complexity of
the inflammatory response. For example, in the Griffith and
cols study, despite the fact that IL-6 was still increased
3 months after discharge, it was not correlated with motor
dysfunction [3]. Third, this was a retrospective cohort study;

Table 3 Relation between

interleukin-6 and interleukin-10 MMSE SCORE p value

and outcomes: results from the IL-6 <0.001

multiple linear regression IL-10 0.015
Barthel Index p value
IL-6 0.566
IL-10 0.118

SE 95% CI Coefficient 3
0.213 —1.255t0 —0.398 -0.827
0.077 —0.349 to —0.039 -0.194

SE 95% CI Coefficient 3
0.324 —0.464 to 0.838 0.187

0.118 —0.049 to 0.424 0.187

MMSE Mini-Mental State Examination, CI confidence interval, /L interleukin
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thus, the majority of survivor patients could be contacted. This
could be associated with selection bias, but when it was com-
pared included and non-included patients, it was not found
any clinically significant differences in the ICU-related vari-
ables, suggesting that these were similar populations. Fourth,
ideally, these patients should be evaluated by a series of dif-
ferent tasks that measure different components of cognition,
neuropsychiatric state, and quality of life to have a more com-
plete picture of their limitations, but we preferred to make a
more simple and quick evaluation that can miss some impor-
tant aspects related to long-term impairment.

In conclusion, elevated circulating IL-6 and IL-10 concen-
trations at hospital discharge were associated with long-term
cognitive in ICU survivors.
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