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patients with sepsis
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Abstract N\
Neutrophil-to-lymphocyte ratio (NLR) has been reported to serve as a prognostic marker in inflammatory diseases. The purpose of \
this study was to evaluate the association of NLR at admission with in-hospital mortality in patients with sepsis presenting to
emergency department.

This was a secondary analysis based on a single-center, retrospective, cohort study. Patients with sepsis admitted to an academic
emergency department between January 2010 and January 2015 were enrolled. NLR of patients was analyzed from the hospital’s
electronic health record (EHR) system. A total of 174 adult patients, of which 80 (46.0%) died in hospital. The primary outcome was in-
hospital mortality. Secondary outcome was 28-day mortality.

Contrary to previous studies, a larger NLR was found to have less odds of in-hospital mortality, as well as the presence of
bacteremia. Patients who has severe/shock or had a history of chronic heart failure (CHF) had larger odds of death during hospital.
Multivariate logistic regression analysis indicated that low NLR was an independent predictor of in-hospital mortality (OR=-0.98;
95% CI-0.96 to -0.99; P=.022). However, no correlation was found between the NLR and 28-day hospital mortality in patients with
sepsis (P=.988). As a predictor of in-hospital survival, the area under curve (AUC) of the NLR was 0.622 (95%CI 0.54-0.71; P=.006)
and the cut-off value was 9.11 with 0.551 sensitivity and 0.707 specificity.

NLR at admission was an independent predictor of in-hospital mortality of sepsis patients.

Abbreviations: AKI = acute kidney injury, APACHE Il = Acute Physiology and Chronic Health Evaluation Il, AUC = area under
curve, CAD = coronary artery disease, CHF = chronic heart failure, CKD = chronic kidney disease, COPD = chronic obstructive

pulmonary disease, HER = electronic health record, NLR = neutrophil-to-lymphocyte ratio.
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1. Introduction

Sepsis is a major public health issue and a leading cause of
hospitalization and mortality in the developed world,™! with
more than 1.5 million population diagnosed with sepsis in the
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USA and 250,000 Americans died from sepsis yearly. Even the
survivors have long-term disabilities and readmission. Thus, it is
significant to find the predictors of in-hospital CHF mortality of
sepsis. A previous study found that patients with CHF had a
higher in-hospital mortality (OR 2.45; 95%CI 1.22-4.88).”!
Even after hospital discharge, septic patients with CHF had an
increased 3-month and 1-year mortality. Another study reported
that dementia acted as an independent mortality predictor in
elderly sepsis patients.*! In addition, a prospective, observation-
al, multicenter cohort study had identified other independent
predictors of mortality in sepsis including age, APACHE Il score,
acute kidney injury (AKI) and thrombocytopenia.*!

The neutrophil-to-lymphocyte ratio (NLR) is a readily
available parameter that can be analyzed based on a complete
blood count. NLR has previously been shown to predict adverse
outcomes in oncology patients'! including lung,'® ovary,!”! and
breast!®! malignancies. Despite a large number of evidences
confirmed an association between NLR and mortality, the
relationship between NLR and outcomes of sepsis patients was
rarely investigated.

Three studies reported that elevated NLR was related to a poor
long-term prognosis of sepsis patients and correlated with the
severity of the disease.l”"'") However, whether NLR increased in-
hospital mortality remained controversial. Our study was to
evaluate whether NLR was associated with in-hospital mortality
in patients with sepsis.
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2. Materials and methods

2.1. Study design

All participants in our study were enrolled from an emergency
department of a large tertiary care center, which were publicly
available in Dryad database. Briefly, all individuals presenting
from January 2010 to January 2015 had their medical records,
including comorbidities, vital signs, laboratory data and
resuscitation parameters queried via the hospital’s EHR system.
The study was conducted in accordance with the Declaration of
Helsinki and the informed consent was obtained from the
participants or from their families if very sick to read the consent.
Details regarding the aims and inclusion criteria of the trial have
been described previously.!

2.2. Sepsis

According to the updated guide-Sepsis-3, sepsis is now defined as
an acute increase in Sequential Organ Failure Assessment score of
2 or more from baseline in a patient with suspected infection.!?!
A documented or a presumed infection was defined as with 2 or
more of the following:

(1) temperature >38°C or <36°C,

(2) heartrate of >90 bpm,

(3) respiratory rate of > 20 breaths/minute,
(4) white blood cell count >12 x 109/L.

Patients who were younger than 18 years old, pregnant, or
presenting secondary to trauma were excluded.

The primary exposure of interest was NLR measured at
admission. NLR was computed based on laboratory data as a
ratio of neutrophil/lymphocyte values, which are recorded in the
complete blood count, and patients were divided into survivors
and nonsurvivors.

2.3. Data collection

The infection site was determined from the medical record,
culture results (blood, sputum, urine, other fluids) and/or
radiological data (such as chest X-rays). Vital signs were
obtained from the Nursing record sheet while laboratory results
from the hospital’s EHR system. Information about medications
used, time to their initiation and duration of their use was
obtained by reviewing the scanned doctor’s advice sheet.

The primary outcome was in-hospital mortality and the
secondary outcome was 28-day mortality. 28-day mortality data
were collected from the hospital medical records and telephone
follow-up.

3. Statistical analysis

Statistical analyses were performed using SPSS V22.0 (IBM,
USA). The distributions of the continuous and categorical
indicators were described as mean + SD and frequency/
percentages, respectively. Pearson x” test was used to assess
for statistical significance for the categorical variables, while the
Student ¢ test and the Mann-Whitney U test were used for the
continuous indictors. A multivariable analysis was performed to
examine the association between NLR and mortality in the septic
population via a logistic regression. Receiver operating curve
(ROC) was utilized to evaluate the predictive value of NLR as a
predictor of in-hospital mortality of sepsis patients. All tests with
P <.05 were interpreted as a significant difference.
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4. Results

4.1. Population characteristics

A total of 174 patients with sepsis were included in the study, of
which 80 (46.0%) died in hospital (Table 1). The mean age was
72.7+13.9 and 72.9+14.7 years old for survivors and non-
survivors, respectively. There were more male patients among
survivors than non-survivors (45.7% vs 32.5%). The survivor
cohort had a higher percentage of hypertension, diabetes
mellitus, dyslipidemia and chronic kidney disease (CKD), but a
lower rate of coronary artery disease (CAD), chronic obstructive
pulmonary disease (COPD) and CHF. However, only 1 common
comorbidity, CHF, manifested a significant difference (39.4% vs
62.5%; P=.002). In respect to site of infection, no statistical
differences were observed between 2 groups but urine infection
and bacteremia. (P <.001; P=.001 respectively). Lung infections
were more frequent and urine infections and bacteremia less
frequent among non-survivors.

4.2. Laboratory tests and treatment

The 2 cohorts had comparable vital signs and laboratory values
at presentation (Table 2). The non-survivor group had a lower
heat rate and temperature, which may due to the difference in
severity of sepsis. Interestingly, phosphate, magnesium, and
potassium levels were higher in the non-survivors arm.

As for treatment, non-survivors had been administrated more
vasopressors, dobutamine and intubation as compared with
survivors, indicating that non-survivors had experienced more
active treatments (Table 3).

4.3. In-hospital mortality

A multivariable logistic model was constructed to determine the
association between NLR and in-hospital mortality adjusted for
the clinically relevant and statistically significant variables. A

Demographics.

Total Survivors  Nonsurvivors P

(174) (94) (80) values
Age, mean+SD 728+143 7274139 7294147 910
Gender, male 69 (39.7) 43 (45.7) 26 (32.5) 075
Smoker, yes 50 (28.7) 27 (28.7) 23 (28.7) 997
Severe/shock 76 (43.7) 27 (28.7) 49 (61.3) <.001
Hypertension, yes 126 (712.4) 71 (75.5) 55 (68.8) 319
Diabetes mellitus, yes 78 (44.8) 43 (45.7) 35 (43.8) 792
Dyslipidemia, yes 49 (28.2) 28 (29.8) 21 (26.3) 605
CAD, yes 95 (5b4.6) 49 (52.1) 46 (57.5) 478
COPD, yes 24 (13.8) 9 (9.6) 15 (18.8) .080
CKD, yes 56 (32.2) 29 (30.9) 27 (33.8) 683
CHF, yes 87 (50.0) 37 (39.4) 50 (62.5) .002
APACHE Il score, mean (+SD) 20.7+9.9 20.9+8.9 19.8+9.6 551
Site of infection Lung 71 (40.8) 31 (33.0) 40 (50.0) 023
Gastrointestinal 16 (9.2 7 (7.4) 9 (11.3) 387
Urine 61 (35.1) 44 (46.8) 17 (21.3) <.001
Skin 14 (8.0) 6 (6.4) 8 (10.0) 382
Blood 4 (2.3) 2 (2.1) 2 (2.5 870
Gall bladder 8 (4.6) 5(5.3) 3(3.8) 622
Intravascular catheter 2(1.1) 22.1) 0 (0.0 500
Bacteremia, yes 66 (39.1) 47 (50.5) 19 (25.0) .001

APACHE Il=Acute Physiology and Chronic Health Evaluation Il, CAD = coronary artery disease, CHF =
chronic heart failure, CKD = chronic kidney disease, COPD = chronic obstructive pulmonary disease.
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Vital signs and laboratory parameters.

Total (174) Survivors (94) Nonsurvivors (80) P values
sBP (mmHg), mean (+SD) 1122272 1142+28.0 109.8+26.3 .298
dBP (mmHg), mean (+SD) 62.0+17.4 60.6+16.5 63.7+18.4 .251
HR (bpm), mean (+SD) 97.8+25.7 102.5+25.6 92.5+249 011
02 saturation (%), mean (+SD) 94.7+6.0 94.8+6.3 94.7 5.7 .989
Temperature (°C), mean (+SD) 375+1.1 37.9+1.1 371+£1.0 <.001
RR (bpm), mean (+SD) 225+6.2 225+64 22.5+6.1 .990
WCC (x109/L), mean (+SD) 1493 +9671.0 1496 +8800.7 1488 +10650.4 .956
Neutrophil percentage (%), mean (+SD) 81.8+13.4 83.5+13.2 79.9+13.1 .082
Lymphocyte percentage (%), mean (+SD) 10.9+10.5 99+11.6 121+9.0 187
NLR 18.0+21.0 21.5+24.0 13.8+16.0 014
Hemoglobin (g/dL), mean (+SD) 11.3+19 11.3+1.8 11.3+£20 .866
Hematocrit (%), mean (+SD) 33.8+5.7 33.7+53 33.8+6.2 938
Sodium (mmol/L), mean (+SD) 135.6+6.6 136.2+6.3 134.7+6.9 138
Potassium (mmol/L), mean (+SD) 46+1.0 45410 48+1.1 .043
Chloride (mmol/L), mean (+SD) 97.7+10.4 98.1+11.2 971493 531
Magnesium (mmol/L), mean (+SD) 2.0+04 2.0+04 21+04 .045
Calcium (mmol/L), mean (+SD) 87+1.3 87+14 8.6+1.1 552
Phosphate (mmol/L), mean (+SD) 40+2.1 36+22 45420 .007
Bicarbonate (mmol/L), mean (+SD) 20.9+6.1 21.7+59 19.9+6.1 .052
BUN (mg/dL), mean (+SD) 471+324 43.1+341 51.9+29.9 076
Creatinine (mg/dL), mean (+SD) 22+2.0 22+2.1 23+1.8 .798

BUN =blood urea nitrogen, dBP =diastole blood pressure, HR=heart rate, NLR = neutrophil-to-lymphocyte ratio, RR=respiratory rate, sBP =systolic blood pressure, WCC=white cell count.

higher NLR was found to have less odds of in-hospital mortality
(OR=-0.98; 95%CI -0.96 to -0.99), as well as bacteremia
(OR=0.32; 95% CI 0.15-0.67). Meanwhile, it was shown that
patients who were severe sepsis/shock (OR 4.99; 95% CI 2.39-
10.39) or had a history of CHF (OR=2.19; 95% CI 1.08-4.46)
had larger odds of death. However, no statistically relevance was
observed between NLR and 28-day mortality after adjusting for
other confounders. The results of the multivariate analysis were
shown in Table 4. To evaluate the value of the NLR as a predictor
of in-hospital mortality of sepsis patients, a ROC curve was
plotted (Fig. 1). The AUC of the NLR for hospital mortality was
0.62 (95%CI10.54-0.71, P=.006) and the cut-off value was 9.11
with 0.551 sensitivity and 0.707 specificity.

5. Discussion

Sepsis was characterized by striking rate of mortality, which
demanded efforts to further clarify the determinants and develop
strategies in terms of quality of care and care transitions to
prevent this outcome. We found that the non-survivors had a
relatively lower NLR, with a 0.1-fold reduction in mortality for
every 10-unit increase (OR=0.99; 95% CI 0.97-1.01), and

Sepsis treatment variables.

Total Survivors  Nonsurvivors P

(174) (94) (80) values
\asopressors use, yes 59 (33.9) 24 (25.5) 35 (43.8) 011
Dobutamine treatment, yes 15 (8.6) 3(3.2 12 (15.0) .006
Steroid use, yes 49 (28.2) 22 (23.4) 27 (33.8) 176
Intubation, yes 25 (16.6) 6 (7.5) 19 (26.8) .001
Time to vasopressor use, hours 2.8+1.7 27+1.7 3.0+1.8 234
Fluid requirements, L 32+£26 32426 3.3+26 794

independent of CHF and disease severity. As a predictive factor,
NLR has a statistically significant ROC (AUC=0.62; 95%CI
0.53-0.71) with the cut-off value of 9.11.

A recent study investigating the relation between NLR and AKI
has found that survivors has a higher NLR with significant
statistical difference but whether NLR could be a predictor of in-
hospital mortality of sepsis was not reported."®! Another study
regarded NLR as a discrete variable, and reported that 1st quartile
had the largest in-hospital mortality while 4th quartile the lowest
mortality, suggesting an inverse relationship.'”! What is more,
septic shock patients who died before day 5 had a lower NLR at
admission than survivors."! Our results also suggested that NLR
was negatively correlated with in-hospital mortality which could
be used as an independent predictor. A report found that patients
with sepsis had higher baseline NLR values, but there was no
significant relationship between NLR and 28-day mortality.'!
Nevertheless, our result confirmed that there was no relation
between NLR and 28-day mortality. Even a study indicated that
NLR was an independent predictor of 28-day mortality, it only
included the severe sepsis or shock population.™”!

Consistent with previous reports,?! the patients with CHF had
more than 2-fold odds of dying in the hospital than non-CHF

multivariate logistic regression analysis of NLR and in-hospital
mortality.

Variables In-hospital mortality 28-day mortality

OR P value OR P value
Severe/shock  4.99 (2.39-10.39) <.001 5.47 (2.58-11.62) <.001
CHF 2.19 (1.08-4.46) .031 2.00 (0.96-4.20) .066
Bacteremia —0.32 (—0.15to —0.67) .002 —0.36 (—0.17 to —0.80) .012
NLR —0.98 (—0.96 to —0.99) .022 —0.99 (—0.97 to —1.01) .988

CHF =chronic heart failure, NLR = neutrophil-to-lymphocyte ratio.
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Figure 1. Receiver operating curve of neutrophil-to-lymphocyte ratio as a
predictor. Area under curve was 0.62 (0.54-0.71) with cut-off of 9.11.

patients. Cardiac dysfunction in patients with sepsis manifested
as a reduced EF, which prevented the heart from increasing its
cardiac output and meeting the metabolic demands needed to
fight off the infection. Severe/shock was also associated with in-
hospital mortality, which was easy to understand. The more
severe the disease was, the more difficult it was to control the
inflammation and the worse the prognosis would be. As for
bacteremia, it may be a protective factor, which could be
attributed to patients with bacteremia receiving more timely
antibiotic treatments and fluid infusion.

Both widespread activation and dysfunction of the immune
system are part of pathophysiological process of sepsis./'® NLR
shows a balance between neutral and lymphoid, and it is a sign of
systemic inflammation. On one hand, low circulating neutrophils
increases hospital mortality. Sepsis patients with insufficient
numbers of circulating neutrophils could have difficulties to start
the innate immune response. Besides, lower NLR may indicate
that increased neutrophil adhesion to the vascular endothelium,
which induced endothelial damage.!*”! Patients with lower NLR
often suffer from neutropenia, a risk factor for bacterial infection,
and could not fight for subsequent severe sepsis and septic
shock.!"8 On the other hand, lymphocytosis may initiate an
excessive adaptive immune response where activation of massive
T cells may aggravate tissue damages, followed by organ failure
and death.!"”!

However, our study had several limitations. First, this study
was a single center, retrospective case analysis, and it was difficult
to confirm causality. Second, although we adjusted the indicators
that influenced outcomes in the multivariate logistic model,
baseline differences in patient populations would influence the
conclusions of this study. Thirdly, we only recorded the NLR at
admission, and it may make more sense to monitor dynamical
NLR changes. Last but not least, it was required to carefully
interpret NLR because NLR was influenced by medications and
morbidities that could affect the neutrophil and lymphocyte
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count, especially steroids use accounting for 28.2% of all
patients. Even though the percentage of steroids use was not
statistically different between 2 groups (P=.176), the influence
should be carefully considered.

6. Conclusion

The NLR measured at admission of sepsis patients was an
independent predictor of in-hospital mortality. The mechanism
underlying the relationship has not yet to be fully elucidated and
should be the focus of future prospective clinical research.
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