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ABSTRACT

Objectives Identifying high-risk patients in the intensive care
unit (ICU) is important given the high mortality rate. However,
existing scoring systems lack easily accessible, low-cost

and effective inflammatory markers. We aimed to identify
inflammatory markers in routine blood tests to predict mortality
in ICU patients and evaluate their predictive power.

Design Retrospective case—control study.

Setting Single secondary care centre.

Participants We analysed data from the Medical
Information Mart for Intensive Care Ill database. A total of
21822 ICU patients were enrolled and divided into survival
and death groups based on in-hospital mortality.

Primary and secondary outcome measures The predictive
values of potential inflammatory markers were evaluated

and compared using receiver operating characteristic curve
analysis. After identifying the neutrophil-to-lymphocyte

ratio (NLR) as having the best predictive ability, patients

were redivided into low (<1), medium (1-6) and high (>6)
NLR groups. Univariate and multivariate logistic regression
analyses were performed to evaluate the association

between the NLR and mortality. The area under the curve
(AUC), net reclassification improvement (NRI) and integrated
discrimination improvement (IDI) were used to assess whether
incorporating the NLR could improve the predictive power of
existing scoring systems.

Results The NLR had the best predictive ability (AUC: 0.609;
p<0.001). In-hospital mortality rates were significantly higher
in the low (OR (ORY): 2.09; 95% Cl 1.64 to 2.66) and high (OR
1.64; 95%Cl 1.50 to 1.80) NLR groups than in the medium
NLR group. Adding the NLR to the Simplified Acute Physiology
Score Il improved the AUC from 0.789 to 0.798, with an NRI
and IDI of 16.64% and 0.27%, respectively.

Conclusions The NLR predicted mortality in ICU patients
well. Both low and high NLRs were associated with elevated
mortality rates, including the NLR may improve the predictive
power of the Simplified Acute Physiology Score II.

BACKGROUND

Patients admitted to the intensive care unit
(ICU) are wusually severely ill, with high
mortality rates and high hospital costs.'

Strengths and limitations of this study

» This study included a large sample size and avoided
selection bias by inclusion of all intensive care unit
patients.

» This study noticed that the mortality rate was
also elevated in patients with a low neutrophil-to-
lymphocyte ratio.

» The design was retrospective and important data
may be missing; reasons for the missing data (es-
pecially those of neutrophil or lymphocyte counts)
were challenging to determine based on the avail-
able information.

» The conclusions are qualitative
quantitative.

rather than

Therefore, identifying patients with a high
risk of mortality is essential. Existing scoring
systems to predict the risk of mortality in the
ICU, such as the Simplified Acute Physiology
Score (SAPS) and Acute Physiology and
Chronic Health Evaluation,2 do not include
effective inflammatory markers. C reactive
protein and procalcitonin concentrations are
widely recognised as indicators of inflamma-
tion; however, routine testing is not always
available for every ICU patient because of
cost considerations, especially for patients
without infectious complications. Thus, iden-
tifying low-cost, easily accessible and effec-
tive inflammatory markers may help predict
mortality in ICU patients.

A blood examination is one of the routine
tests conducted for every patient admitted
to the ICU. In addition to total white
blood cell (WBC) and differential counts,
combined markers, such as the neutrophil-
to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR), have also attracted
much attention in recent years. Numerous
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studies”™! have focused on the prognostic value of inflam-
matory markers in routine blood tests; however, the most
sensitive indicator remains to be identified. More impor-
tantly, in clinical practice, we noted that some patients
with a low NLR have a poor prognosis. However, when
examining the literature, we found that although there
are many studies on the NLR,”! most of them concluded
that a high NLR was associated with a poor prognosis, but
ignored the prognostic value of alow NLR. Therefore, we
conducted this study to verify which indicator is the best
inflammatory marker in routine blood tests and to assess
its prognostic value for mortality in ICU patients.

METHODS

Data sources

Data for this study were obtained from the Medical
Information Mart for Intensive Care III (MIMIC-III)
database V.1.4 (https://mimic.physionet.org), which is
a large, publicly available database comprising informa-
tion on >40000 patients who were admitted to the crit-
ical care unit of Beth Israel Deaconess Medical Center.
Restrictions apply to the availability of these data, which
were used under license for this study. XW completed the
Collaborative Institutional Training Initiative programme
and was responsible for data extraction (certification
number: 35931746).

Participants

All patients who were admitted to the ICU were included.
The exclusion criteria were as follows: (1) patients who
are not the first hospitalisation, (2) patients younger than
16 years old, (3) patients who had no blood routine test
data within 24 hours of hospitalisation, (4) patients with
abnormal values for key variables. Abnormal values in
this study were defined as extreme outliers, that is WBC
count >400 x 10" /L, NLR >100 and PLR >8000. Based
on these inclusion and exclusion criteria, 21 822 patients
were finally enrolled for data analysis.

Data extraction

Data from the MIMIC-III database were extracted using
structured query language within PostgreSQL (V.11.2,
https://www.postgresql.org/). Demographic data, labo-
ratory parameters, the clinical outcomes of patients
and survival data were collected from all participants,
including data on age; sex; ethnicity; ICU type; WBC,
lymphocyte, neutrophil, and platelet counts; ICU and
hospital lengths of stay; in-hospital mortality and 90-day
and l-year mortality. Severity at admission was measured
using the SAPS II. Laboratory parameters were assessed
during the first 24hours after admission. The NLR and
PLR were calculated by dividing the neutrophil or platelet
count by the lymphocyte count. The SAPS II was automat-
ically calculated in the database according to published
scoring criteria.’? Extracted data were presented in
comma-separated value files, linked by identifiers, and
integrated into a table using Stata V.15.0 (Stata, Texas).

Statistical analyses

Statistical analyses were performed using Stata V.15.0
and MedCalc V.19.0.7 (MedCalc, Mariakerke, Belgium).
Continuous variables are presented as medians with IQRs
and were compared using the Wilcoxon rank sum test or
Kruskal-Wallis test. Categorical variables are presented as
frequencies with percentages and were compared using
the Fisher’s exact test or binomial probability test. Receiver
operating characteristic curves were plotted to calculate
the area under the curve (AUC) and were compared
using the DeLong test. Optimal cut-oft values for each
inflammatory marker were determined using MedCalc
V.19.0.7. Univariate and multivariate logistic regression
analyses were performed to evaluate the prognostic value
of the NLR for mortality. In the multivariate analysis, we
adjusted for variables with a p value less than 0.2 in the
univariate analysis or clinically significant, including age,
sex, ethnicity, ICU type and the SAPS II. In addition to the
traditional AUC, net reclassification improvement (NRI)
and integrated discrimination improvement (IDI) were
calculated to assess improvements in predictive power
after adding the NLR. Subgroup analyses were performed
to evaluate whether main diagnosis could influence the
results. A p<0.05 was considered statistically significant.

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting or dissemination plans of this
research.

RESULTS
Between June 2001 and October 2012, a total of 38597
patients (216 years) were admitted to the ICU. After
the selection criteria were applied, 21822 patients were
included in the final analysis. The flow diagram of this
study is presented in figure 1. There were no missing data
except for age (missing for 0.2% of cases, n=42), and it was
missing at random, so we replaced it with the mean value.
The median (IQR) age of these patients was 66.68 (52.76
to 79.55) years and 46.47% were women. The in-hospital
mortality rate was 14.43%, while the 90-day and l-year
mortality rates were 20.78% and 28.57%, respectively.
The median (IQR) lengths of ICU and hospital stay were
2.08 (1.21-4.13) and 6.63 (3.79-11.79) days, respectively.

Based on the in-hospital mortality data, patients were
divided into survival and death groups. The baseline char-
acteristics and clinical data are shown in table 1. The death
group was older and had more women than the survival
group. Compared with overall in-hospital mortality, the
mortality rate in the medical ICU was significantly higher
(14.43% vs 16.31%, respectively). Blood examinations
showed that the WBC count, neutrophil count, NLR and
PLR were significantly higher, whereas the lymphocyte
and platelet counts were significantly lower, in the death
group.

The AUC for all inflammatory markers and their
optimal cut-off values are shown in online supplemental
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Figure 1 Study flow diagram in the present study. ICU,
intensive care unit; NLR, neutrophil-to-lymphocyte ratio.

table 1. The NLR had the greatest ability to predict in-hos-
pital mortality (AUC: 0.609; p<0.001). The in-hospital
mortality rates for different NLRs are shown in online
supplemental figure 1. We found that both a high (>6)
and low (1) NLR were associated with a higher mortality
rate. Therefore, we selected the NLR as our best inflam-
matory marker, with cut-off values of 1 and 6.

We further divided patients into three groups based on
the NLR—Ilow (NLR <1; n=580), medium (1<NLR < 6;
n=10691) and high (NLR >6; n=10551) NLR groups—
and compared the clinical outcomes (table 2). The
baseline of the three groups is presented in online supple-
mental table 2. Compared with the medium NLR group,
the low and high NLR groups were both significantly
associated with a poor prognosis. Their in-hospital, 90-day
and l-year mortality rates were significantly higher, and
the hospital and ICU stays were also significantly longer.

Table 3 presents the results of the logistic regression anal-
yses for the association between the NLR and mortality.
In the univariate analysis, the NLR was significantly asso-
ciated with in-hospital, 90-day and l-year mortality. Very
high or low NLRs may both be associated with elevated
mortality rates. Similar results were obtained in the multi-
variate analysis after adjusting for age, sex, ethnicity, ICU
type and the SAPS II.

The predictive value of the NLR was evaluated by calcu-
lating the AUC, NRI and IDI. As shown in figure 2, the
addition of the NLR to the SAPS II significantly improved
the AUC from 0.789 (95% CI 0.785 to 0.796) to 0.798
(95% CI 0.793 to 0.804; p<0.001, DeLong test). The
NRI and IDI for the NLR in relation to the SAPS II were
16.64% (p<0.001) and 0.27% (p<0.001), respectively.

We also performed a subgroup analysis based on main
diagnosis (online supplemental table 3). The prognostic
value of the NLR in the subgroups was similar to that of
the total, except for patients with chronic liver disease.

DISCUSSION

The main findings of this study are as follows. The NLR
had the best predictive ability for in-hospital mortality in
ICU patients. Further analyses based on the NLR revealed
that patients with a high or low NLR were more likely to
have higher mortality rates and longer ICU and hospital
stays. The addition of the NLR significantly improved the
predictive power of the SAPS II, and the results of the
subgroup analysis based on main diagnosis were consis-
tent with the overall population.

The predictive value of the NLR has been widely
studied, particularly in cardiovascular disease,” ® infec-
tious disease’ * and cancer." " ' In this study, among the
inflammatory indicators of the routine blood tests, NLR
has the strongest ability to predict in-hospital death. NLR
alone as a predictor has limited predictive power, and
its AUC value is only 0.609. This may be related to that
the prognosis of ICU patients is affected by many other
confounding factors. However, after translating NLR into
categorical variable and adjusting for the confounding
factors, NLR showed a good ability to predict ICU
outcomes. In addition, most previous studies™ " 1 have
suggested that the higher the NLR, the worse the prog-
nosis; however, other studies'®'” have suggested that a
low NLR is also associated with a poor prognosis. If, as
in previous studies, we divided patients equally into 3-5
groups based on their NLR, we could draw the same
conclusion that a high NLR is indicative of a poor prog-
nosis. However, before analysis, we noted that patients
with a low NLR also seemed to have a poor prognosis.
Thus, we implemented a different grouping scheme and
confirmed our hypothesis by further analysis. Indeed,
this finding was in line with clinical experience: the prog-
nosis is generally good when the clinical indicators are
within the normal range, and values that are too high
or low are more likely to be associated with a poor prog-
nosis. Several studies' '® have suggested that the reason
why an elevated NLR leads to a poor prognosis is mainly
because of enhanced systemic inflammation and stress
responses. However, the reason why a low NLR is asso-
ciated with a poor prognosis remains unclear. We spec-
ulated that a decreased NLR may be due to a decrease
in neutrophils that play a key role in the innate immune
response, including directly killing pathogens by phago-
cytosis, releasing a variety of cytokines, and activating
T cells, among other roles." Therefore, a reduction in
circulating neutrophils can lower the body’s response
to microbial invasion. In addition, reduced circulating
neutrophils can be ascribed to the increased neutrophil
adhesion to the vascular endothelium, which can cause
endothelial damage, leading to leucocyte aggregation
and microvascular thrombosis.”” Thus, the compromise
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Table 1 Baseline characteristics according to survivors and death

Overall (n=21822) Survival group (n=18673) Death group (n=3149) P
Age, years 66.68 (52.76, 79.55) 65.37 (51.65, 78.41) 75.05 (61.16, 83.58) <0.001
Sex, n (%) 0.004
Female 10140 (46.47) 8602 (46.07) 1538 (48.84)
Male 11682 (53.53) 10071 (53.93) 1611 (51.16)
Ethnicity, n (%) <0.001
White 15875 (72.75) 13619 (72.93) 2256 (71.64)
Black 2080 (9.53) 1857 (9.94) 223 (7.08)
Other 3867 (17.72) 3197 (17.12) 670 (21.28)
ICU type <0.001
ccu 3331 (15.26) 2864 (15.34) 467 (14.83)
CSRU 2443 (11.20) 2279 (12.20) 164 (5.21)
MICU 10411 (47.71) 8713 (46.66) 1698 (53.92)
SICU 3775 (17.30) 3201 (17.14) 574 (18.23)
TSICU 1862 (8.53) 1616 (8.65) 246 (7.81)
SAPS Il 34 (25, 43) 32 (24, 40) 48 (37.5, 60) <0.001
Peripheral blood index
WBC (10°/L) 9.9 (7.1, 13.9) 9.7 (7.1, 13.6) 11.4 (7.6, 16.6) <0.001
Lymphocyte (10°/L) 1.30 (0.83, 1.91) 1.34 (0.87, 1.94) 1.06 (0.67, 1.62) <0.001
Neutrophil (10%/L) 7.56 (4.88, 11.45) 7.34 (4.82, 11.07) 9.16 (5.49, 13.60) <0.001
Platelet (10°/L) 208 (150, 275) 210 (155, 275) 192 (119, 277) <0.001
NLR 5.75 (3.09, 11.13) 5.40 (2.95, 10.46) 8.32 (4.25, 14.75) <0.001
PLR 177.9 (115.4, 287.4) 175.1 (115.1, 280.0) 199.1 (117.8, 334.9) <0.001

Data are presented as median and IQR or number and percentage.

CCU, coronary care unit; CSRU, cardiac surgery recovery units; ICU, intensive care unit; MICU, medical ICU; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SAPS, Simplified Acute Physiology Score; SICU, surgical ICU; TSICU, trauma

surgical ICU; WBC, white blood cell.

of innate immunity and the increase in endothelial
damage can collectively impair the prognosis of patients.

Many previous studies>™ " 5 have overlooked the
possibility of a low NLR, leading to a poor prognosis,
which may be due to several reasons. First, compared with
the overall trend towards a high NLR correlating with a
poor prognosis, the association between a low NLR and
a poor prognosis may have been neglected due to the
small number of patients. There were only 580 patients
with an NLR <1, which was 2.66% of the total population.

Second, the main outcome indicators may have influ-
enced the conclusions. Previous studies, which have
mostly focused on late death (=5days), found that a high
NLR can predict a poor prognosis. However, Riché et al”
reported that a low NLR is associated with an early death
(<bdays), whereas a high NLR is associated with a late
death. Duggal et al'®® also suggested that an elevated NLR
is a biomarker for an increased length of ICU stay. There-
fore, based on previous studies that focused on late death,
it is reasonable to conclude that a high NLR is associated

Table 2 Clinical outcomes of the ICU patients

NLR
Clinical outcomes Overall (n=21822) <1 (n=580) 1-6 (n=10691) >6 (n=10551) P
Hospital mortality, n (%) 3149 (14.43) 122 (21.03) 1009 (9.44) 2018 (19.13) <0.001
90-day mortality, n (%) 4534 (20.78) 155 (26.72) 1511 (14.13) 2868 (27.18) <0.001
1-year mortality, n (%) 6234 (28.57) 211 (36.38) 2311 (21.62) 3712 (35.18) <0.001

ICU length of stay (days)
Hospital length of stay (days)

2.08 (1.21, 4.13)
6.63 (3.79, 11.79)

2.04 (1.08, 4.38)
7.35 (3.34, 15.86)

1.96 (1.13, 3.46)
6.08 (3.63, 10.79)

2.38 (1.33, 5.04) <0.001
7.00 (3.96, 12.67) <0.001

Data are presented as median and IQR or number and percentage.
ICU, intensive care unit; NLR, neutrophil-to-lymphocyte ratio.
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Table 3 Association between NLR and mortality

Non-adjusted Adjusted
Exposure OR (95% ClI) OR (95% ClI) P
In-hospital mortality
<1 2.56 (2.07 to 3.15) <0.001 1.61 (1.26 to 2.05) <0.001
1-6 1 1
>6 2.27 (2.09 to 2.46) <0.001 1.59 (1.46 to 1.74) <0.001
90-day mortality
<1 1.96 (1.65 to 2.33) <0.001 1.48 (1.18 to 1.85) <0.001
1-6 1 1
>6 2.08 (1.95t0 2.22) <0.001 1.60 (1.48 to 1.43) <0.001
1-year mortality
<1 2.07 (1.74 to 2.47) <0.001 1.51 (1.23 to 1.86) <0.001
1-6 1 1
>6 1.97 (1.85 to 2.09) <0.001 1.38 (1.29 to 1.48) <0.001

Adjusted confounders: age, sex, ethnicity, ICU type and SAPS II.

ICU, intensive care unit; NLR, neutrophil-to-lymphocyte ratio; SAPS, Simplified Acute Physiology Score.

with increased mortality. However, in our study, around
half of the in-hospital deaths (1512/3149; 48.02%)
occurred within 5days; thus, our study indicated that a
low NLR is also associated with increased mortality. Third,
the study population may have influenced the conclu-
sions. Several studies have been conducted in patients
with specific diseases,11 13 and those excluded often had a
low NLR. Our study focused on all ICU patients with no
case selection.

Commonly used ICU prognosis score includes acute
physiology and chronic health evaluation (APACHE),
sequential organ failure assessment (SOFA), SAPS and so

100
80
60

40

20

— SAPS I
—— SAPS Il + NLR

Sensitivity
LIS LA LA N B B B B s

) R N PR R IR R |
0 20 40 60 80 100
100-Specificity

SAPS I SAPSIIHNLR P-value
AUC 0.789 0.798 <0.001

SAPS II vs. SAPSII+NLR
NRI 16.64% <0.001
IDI 0.27% <0.001

Figure 2 Receiver operating characteristic curves for the
SAPS Il and the SAPS II+NLR. AUC, area under the receiver-
operating characteristic curve; IDI, integrated discrimination
improvement; NLR, neutrophil-to-lymphocyte ratio; NRI,

net reclassification improvement; SAPS, Simplified Acute
Physiology Score.

on.? ZIn this study, the SAPS was chosen because of its
lack of inflammatory indicators. Although the SAPS III
has better predictive ability,23 there were too many missing
values, because it requires collecting data within 1hour
after admission; therefore, we chose to use the SAPS II.
As an easy-to-obtain, sensitive inflammatory indicator that
does not increase the financial burden of patients, NLR
has been reported by many previous studies and has high
clinical significance. That is why we tried to add NLR to
the SAPS II to evaluate whether it can increase its predic-
tive performance. After adding NLR, the AUC of SAPS II
increased from 0.789 to 0.798. Although the AUC value
increase is statistically different, the increase is very small.
Therefore, in order to illustrate the clinical importance
of NLR, we also calculated NRI and IDI, and the results
indicated that the addition of NLR significantly improved
the prediction ability, with an NRI of 16.64% and IDI of
0.27%, respectively. What is more, some studies suggested
that the PLR also had the ability to predict mortality®*;
therefore, we evaluated the predictive power of the PLR
and found that, despite having some predictive ability, it
was not as effective as the NLR. When we added the PLR
to the SAPS II together with the NLR, the AUC value did
not increase significantly; therefore, we did not incorpo-
rate the PLR into this model.

The major strengths of our study are the large sample
size and the inclusion of all ICU patients without selec-
tion bias. Furthermore, we noticed that the mortality rate
was also elevated in patients with a low NLR. More impor-
tantly, we found that adding the NLR to the SAPS II could
improve its predictive power for ICU mortality, which is
an important prompt for future scoring systems and may
be of particular interest to critical care specialists.

There are also some limitations to this study. First, this
was a retrospective study and some important data may
be missing. Some patients were excluded because of
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missing neutrophil or lymphocyte data, and it was diffi-
cult to explore the reasons for missing data based on the
information currently available. Second, the conclusions
of this study were qualitative rather than quantitative. We
can only infer that the addition of the NLR can improve
the performance of the SAPS II because the NLR scores
cannot be directly included in the SAPS II to construct a
new scoring system, however, creating a new prognostic
model is not a goal of this study, the main purpose of this
study was to attract the attention of clinicians to be wary
of abnormal NLR values. Finally, although we conducted
a subgroup analysis of different diagnosis, in-depth anal-
yses were not undertaken as it was not the aim of our
study.

CONCLUSIONS

Of the inflammatory markers identified from routine blood
tests, the NLR was the best predictor of ICU mortality.
Abnormally high or low NLRs were associated with increased
mortality. Finally, the addition of the NLR to the SAPSII can
improve its predictive power for ICU mortality.
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