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Aim: Delirium is a common and severe complication among older hospitalized patients.
The pathophysiology is poorly understood, but it has been suggested that inflammation and
oxidative stress may play a role. The aim of this pilot study was to investigate levels of the
neutrophil-lymphocyte ratio (NLR) — a marker of systemic inflammation and oxidative stress — in
patients with and without delirium.

Methods: This pilot study was performed within a retrospective chart review study that
included acutely ill patients, 65 years and older, who were admitted to the ward of geriatrics of
the Erasmus University Medical Center. All patients in whom the differential white blood cell
(WBC) counts as well as the C-reactive protein (CRP) level were determined within 24 h after
admission were included in the present study. Differences in NLR between patients with and
without delirium were investigated using univariate analysis of variance, with adjustments for
age, sex, comorbidities, CRP level, and total WBC count.

Results: Eighty-six patients were included. Thirteen patients were diagnosed with delirium.
In adjusted models, higher mean NLR values were found in patients with, than in those without,
delirium (9.10 vs 5.18, P=0.003).

Conclusion: In this pilot study, we found increased NLR levels in patients with delirium.
This finding might suggest that an inadequate response of the immune system and oxidative
stress may play a role in the pathogenesis of delirium. Further studies are needed to confirm
the association between NLR and delirium.
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Introduction

Delirium, an acute neuropsychiatric syndrome, is a common complication among
older hospitalized persons and is associated with prolonged hospital stay, loss of
independence, and increased risk of cognitive decline and mortality."? The underly-
ing pathophysiology is poorly understood and the diagnosis is still primarily based on
clinical observation.* Identifying accurate biomarkers for delirium may shed light on
the pathophysiology and potentially improve delirium recognition and prediction.

Both inflammation and oxidative stress may be involved in the pathophysiology of
delirium.** Several inflammatory markers have been investigated and were found to
be associated with delirium, but time-consuming and expensive measurements make
their use for research purposes and clinical practice less attractive.

The neutrophil-lymphocyte ratio (NLR), derived directly from the differential
white blood cell (WBC) count, is an easily applicable marker of inflammation and
oxidative stress.’ Several studies have reported an association between increased NLR
and cerebrovascular disease,” schizophrenia,® and Alzheimer’s disease® as well as
an association with increased severity and poor prognosis of various cardiovascular
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and malignancies.'? Furthermore, NLR has been
found to be a more powerful predictor of cardiovascular risk
and mortality in various medical conditions in comparison
with traditional infection markers, such as the total WBC
count, the individual WBC subtypes, and C-reactive protein
(CRP).1*1¢ No previous study has investigated a possible
association between the NLR and delirium.

We hypothesized that mean NLR levels would be ele-
vated in patients with delirium; therefore, in this pilot study,
we compared mean NLR levels of patients with and without
delirium who were acutely admitted to a geriatric ward.

Methods

The present study was performed within a retrospective chart
review study in which the possible association between antich-
olinergic drug exposure and delirium, length of hospital stay,
post-discharge institutionalization, and in-hospital mortality
was investigated.!” In the previous study, all acutely ill elderly
aged 65 and older who were admitted to the ward of geriatrics
of the Erasmus University Medical Center, Rotterdam, the
Netherlands, between January 1, 2012 and December 31,
2015 were eligible for inclusion. Acutely ill patients were
defined as patients with an acute disease whereby a hospital
admission was required for medical treatment. Patients hospi-
talized for less than 3 days, admitted for elective (diagnostic)
procedures, or with missing data on drug use or outcome
measures were not included.'” In the present pilot study,
we included all patients enrolled in the previous study in
whom the differential WBC counts as well as the CRP level
were determined within 24 h after admission. The rationale
to choose this time period is that drugs, such as antibiotics,
started on admission can have a significant effect on CRP and
WBC counts within 48 h. To our knowledge, it is unknown
whether NLR levels are stable over time in acutely ill patients.
To minimize the possible influence of drugs on the investi-
gated markers, the first 24 h were chosen as the cut-off.

The study was conducted in accordance with the prin-
ciples expressed in the Declaration of Helsinki. In the
Netherlands, ethical approval is only required for studies
in which persons are subjected to additional diagnostic
procedures or treatments or are required to follow a certain
behavioral strategy. No ethical approval and patient consent
are required for retrospective chart review studies in which
data collected during routine clinical care are extracted and
analyzed anonymously.

Data collection
All data were extracted from medical records. Age, sex,
place of residence before admission, and the presence of

delirium during the hospital stay were documented. Severity
of comorbidities on admission was calculated using the
Charlson Comorbidity Index (CCI).!* The total WBC count,
neutrophil count, lymphocyte count, and CRP level within
24 h after admission were recorded. The NLR was calculated
by dividing the neutrophil count by the lymphocyte count.
WBC, neutrophil, and lymphocyte counts were determined
on a Sysmex XN-9000 hematology analyzer with flow
cytometry (Sysmex Corporation, Kobe, Hyogo Prefecture,
Japan). CRP was determined with the CRPL3 assay (immu-
noturbidimetric method) on a Cobas 8000 ¢701/702 analyzer
(Roche Diagnostics, Rotkreuz, Switzerland).

Definition of delirium

Reported diagnoses of delirium were extracted from medical
records. On the ward of geriatrics, the diagnosis of delirium
is made by geriatricians as part of daily clinical practice,
according to the criteria of the Diagnostic and Statistical
Manual of Mental Disorders, 4th and 5th editions,'*?* and is
based on daily psychiatric examination, medical and nursing
notes, the Delirium Observation Screening scale scores, and
information given by the patient’s closest relative. In the pre-
vious chart review study, delirium was defined as “present on
admission” if the diagnosis was made within the first 2 days
of hospital stay. All other cases of delirium were defined
as “incident delirium”. In this pilot study, these two groups
were combined.

Statistical analysis

Differences in baseline characteristics between patients with
and without delirium were compared using Fisher’s exact test
for categorical variables, the Mann—Whitney U-test for non-
normally distributed continuous variables, and the Student’s
t-test for normally distributed continuous variables.

Univariate one-way analysis of variance was used to
compare mean levels of NLR, CRP, WBC, neutrophils,
and lymphocytes in patients with and without delirium.
Biochemical parameters with a skewed distribution were
logarithmically transformed using the natural log (NLR,
WBC count, neutrophil count, and CRP levels). Models
were adjusted for age, gender, CCI, CRP levels, and total
WBC count, except when one of these variables was the
dependent variable. Correlations between the aforementioned
inflammatory markers were analyzed using the Spearman’s
correlation coefficient.

All statistical analyses were performed using the Statis-
tical Package for the Social Sciences (SPSS), version 21.0
(IBM Corp., Armonk, NY, USA). Results were considered
statistically significant at a two-sided P-value less than 0.05.
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Figures were constructed using GraphPad Prism 5.01 for
Windows (GraphPad Software, San Diego, CA, USA).

Results

Of the 905 patients enrolled in the chart review study, 862
had available data on the total WBC counts whereas 856 had
available data on the CRP level upon admission. Moreover,
in 90 patients, the differential WBC counts were determined,
and 86 of them had available data on the neutrophil and
lymphocyte counts as well as the CRP level within 24 h
after admission; thus, they were included in the present
pilot study.

Table 1 presents the baseline characteristics of the 86
included patients. The mean age was 80.116.5 years; 37.2%
were male. Thirteen patients were diagnosed with delirium, of
whom eight had delirium on admission and five had incident
delirium. The median number of days between admission
and diagnosis of incident delirium was 6 (range: 3—13). No
statistically significant differences were found in age, CCI
score, and the other demographic characteristics between
patients with and without delirium.

Analyses of inflammatory markers

Mean levels and corresponding 95% confidence intervals
(CIs) of the investigated inflammatory markers in patients
with and without delirium are presented in Table 2.
In adjusted models, mean levels of NLR remained statisti-
cally significantly higher in patients with delirium (9.10,
95% CI: 6.54—12.65) than in those without (5.18, 95% CI:
4.53-5.93; P=0.003, Figure 1). With regard to the other
inflammatory markers, mean neutrophil fractions were sig-
nificantly higher in patients with delirium (78.1%, 95% CI:
73.5-82.8) than in those without (72.7%, 95% CI: 70.8-74.6;
P=0.037) and mean lymphocyte fractions were significantly
lower in patients with delirium (11.0%, 95% CI: 7.5-14.6)

Table | Baseline characteristics of the study participants

Variables No delirium Delirium P-value
(n=73) (n=13)
Male 28 (38.4) 4 (30.8) 0.759:
Age (years) 79.9+6.5 81.216.6 0.517°
Place of residence before admission
Home (with or without 56 (76.7) 9 (69.2) 0.726*
home care)
Institutional care facility 17 (23.3) 4 (30.8)
First time on the ward of 45 (61.6) 9 (69.2) 0.759:
geriatrics
Charlson Comorbidity Index 2.0 (1.0-4.0) 4.0 (1.5-5.5) 0.110¢

Notes: Values are expressed as mean * SD for normally distributed continuous
variables, median (interquartile range) for not normally distributed continuous
variables and n (percentages) for categorical variables. *Fisher’s exact test. *Student’s
t-test. ‘“Mann-Whitney U-test.

Table 2 Mean levels of inflammatory markers

Variables No delirium Delirium P-value
(n=73) (n=13)

Total WBC count 9.33 (8.46—10.30) 7.83 (6.17-9.95) 0.186%*

(x10°/L)

Neutrophil count 6.53 (6.25-6.83) 7.04 (6.31-7.85) 0.220¢

(x10°/L)

Neutrophil fraction ~ 72.7 (70.8-74.6) 78.1 (73.5-82.8) 0.037

(% of WBCs)

Lymphocyte count 1.37 (1.24-1.50) 1.06 (0.75-1.38) 0.080

(x10%/L)

Lymphocyte fraction  16.3 (14.8-17.7) 11.0 (7.5-14.6) 0.008

(% of WBCs)

NLR 5.18 (4.53-5.93) 9.10 (6.54-12.65) 0.003¢

CRP (mg/L) 9.7 (6.2-15.3) 26.3 (8.8-78.3) 0.099b<

Notes: Values are expressed as mean (95% confidence intervals) and are adjusted
for age, sex, Charlson Comorbity Index score, CRP level, and total WBC count
unless otherwise specified. ?Not adjusted for total WBC count. ®Not adjusted for
CRP level. “Values are presented as the back-transformed natural log values.
Abbreviations: CRP, C-reactive protein; NLR, neutrophil-lymphocyte ratio;
WBC, white blood cell.

than in those without (16.3%, 95% CI: 14.8—17.7; P=0.008).
No differences were found in total WBC count, neutrophil
and lymphocyte counts, and CRP level between the groups,
although the lymphocyte count was at the border of signifi-
cance, being lower in patients with delirium than in those
without (P=0.080).

In the total group of patients, NLR showed a weak posi-
tive correlation with CRP (r=0.389, P<<0.001, Figure 2A),
a moderate positive correlation with the total WBC count
(=0.588, P<<0.001, Figure 2B), a strong positive correlation
with the neutrophil count (+=0.738, P<<0.001, Figure 2C),
and a strong negative correlation with the lymphocyte count
(r=—0.638, P<<0.001, Figure 2D).

Discussion
In the present pilot study, we found elevated mean levels of
NLR in elderly patients with delirium.

We are aware that no conclusions on causality can be
drawn from this observational study; however, our results
might suggest that an inadequate response of the immune
system and oxidative stress might be both involved in the
pathophysiology of delirium.

Activation of the immune system is a prominent fea-
ture of many conditions associated with delirium, such as
infections and traumas. Several cytokines and inflammatory
markers have already been detected in serum and cerebro-
spinal fluid during delirium.?*2* In various stressful situa-
tions, the physiological response of the immune system is
characterized by an increase in neutrophils and a decrease
in lymphocytes.?>?¢ Neutrophils play an important role in
first-line defense during inflammation; once activated, they
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Figure | NLR in patients with and without delirium. (A) Unadjusted levels of NLR in patients with and without delirium. Lines represent medians, open dots represent
patients with delirium on admission, gray dots represent patients with incident delirium. (B) Mean levels and corresponding 95% confidence intervals of NLR in patients with
and without delirium. Values are back-transformed natural log values. Model is adjusted for age, gender, the Charlson Comorbidity Index score, C-reactive protein level,

and white blood cell count.
Abbreviation: NLR, neutrophil-lymphocyte ratio.

release reactive oxygen species, myeloperoxidase, and
proteolytic enzymes in an attempt to destroy pathogens or
damaged cells.?"

Disruption of the blood-brain barrier (BBB) and brain
damage have previously been suggested as possible underly-
ing mechanisms for delirium.” It has been found that, at an
early stage of systemic inflammation, neutrophils adhere to
activated endothelial cells of the BBB, migrate across the
BBB, and release reactive oxygen species and proteases,
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which in turn causes destruction of the endothelial cell
alignment.*?83%31 At the same time, several other processes
increase the permeability of the BBB.*® Disruption of the
BBB will lead to enhanced cytokine transport into the brain.
These cytokines may activate microglia, which in turn will
produce a wide range of inflammatory markers and reactive
oxygen species.’? Production of reactive oxygen species by
neutrophils and microglia may lead to oxidative stress and
may ultimately result in neuronal damage and apoptosis.
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Figure 2 Correlations between the neutrophil-lymphocyte ratio (NLR) and C-reactive protein (CRP) (A), white blood cell (WBC) count (B), neutrophil count (C), and

lymphocyte count (D). r= Spearman’s correlation coefficient.
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Lymphocytes play an important role in the regulation of
an appropriate inflammatory response. Although a decrease
in lymphocytes is a normal response during periods of acute
stress, a chronic decrease in lymphocytes due to increased
levels of catecholamine and cortisol, redistribution of lym-
phocytes to lymphatic tissue, and accelerated apoptosis might
lead to a detrimental inflammatory state and ultimately result
in poor clinical outcomes.?>3*3*

NLR is the balance between neutrophils and lymphocytes
and integrates two components of the immune system within
one marker. In our study, as the individual neutrophil and
lymphocyte counts were not (or not strongly) associated with
delirium in comparison to NLR, it might be suggested that
it is the balance between the two that is out of range and not
particularly the two individual WBC subtypes. Therefore,
an increased NLR might be suggestive for a decreased
physiological reserve to respond adequately to an inflam-
matory insult.

In various pathological conditions, elevated NLR levels
have been found to be an independent predictor of disease
severity and poor prognosis. Moreover, NLR has been found
to be a more powerful predictor of adverse outcomes in
comparison with conventional inflammatory markers, such
as the total WBC count, the individual WBC subtypes, and
CRP."'¢ In the present study, we found no differences in
mean levels of CRP, WBC, neutrophils, and lymphocytes
between patients with and without delirium. Mean levels of
NLR showed statistically significant increases in patients with
delirium, even after adjustment for inflammatory markers.
These findings might suggest an independent role of NLR in
delirium above conventional inflammatory markers.

To the best of our knowledge, this is the first study
investigating a possible association between NLR and
delirium. A few studies have demonstrated that elevated
NLR levels are associated with neuropsychiatric disorders
such as Alzheimer’s disease,® Parkinson’s disease,*® and
schizophrenia® as well as with cognitive dysfunction after
carotid endarterectomy.’® Limited research has focused on
the possible association of neutrophils and lymphocytes
with delirium. In line with our study, Watts et al*’ found no
difference in neutrophil counts between patients with and
without delirium who were admitted to an intensive care unit.
Tanaka® found that a decreased lymphocyte count was asso-
ciated with a combined outcome of perioperative delirium
and acute exacerbation of behavioral and psychological
symptoms of dementia. Zuliani et al*’ found that a decreased
lymphocyte count was associated with subsyndromal
delirium. In contrast, Inoue et al*° did not find an association

between the lymphocyte count and the number of days that
intensive care unit patients were free of both delirium and
coma. In the present study, we found no association between
the lymphocyte count and delirium, but the mean lymphocyte
count seemed to be lower in patients with delirium than in
those without. Of note, three of the four previous studies® 4
did not have delirium as a clear outcome, which makes it
difficult to compare the results.

Limitations and strengths

This study has some limitations. First, as this was a pilot
study in a relatively small group of patients, the findings
need to be confirmed in a larger study. Moreover, due to the
small group of patients with delirium, we were not able to
perform stratified analyses for “delirium on admission” and
“incident delirium”. Furthermore, it might be interesting
to evaluate the diagnostic and predictive power of NLR in
future studies. Second, the observational design with a single
measurement of NLR limits the ability to identify causal
associations. Repeated NLR measurements over time are
required to provide evidence for a possible role of NLR in
the pathogenesis of delirium. Third, it might be speculated
that other comorbidities, such as cardiovascular diseases,’ !
diabetes,*! malignancies,'? infection,'® and inflammation,'*
might have influenced the mean levels of NLR; however,
even after adjustment for the CCI and other inflammatory
markers, estimates remained statistically significant. Fourth,
only in a relatively small number of patients neutrophil and
lymphocyte counts were measured on admission and this
might have introduced some selection bias. Unfortunately,
it is unclear why differential WBC counts were measured
in these patients. The reason was probably not an increased
inflammatory state, because the total WBC counts and CRP
levels were lower in these patients than in the patients not
included in this pilot study (data not shown).

An important strength is the use of an easily applicable
marker, which combines information of several components
of the immune system, as it has been suggested that the
pathophysiology of delirium is multifactorial.

Conclusion

In this pilot study in older, acutely ill hospitalized patients,
we found that patients with delirium had higher levels of
NLR than patients without delirium. This finding might
suggest that an inadequate response of the immune system
and oxidative stress may play a role in the pathogenesis of
delirium. Larger studies with repeated measurements of NLR
over time are needed to confirm the possible role of NLR
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in the pathogenesis of delirium and to investigate whether

NLR can be used as a diagnostic and predictive marker

for delirium.
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