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1 | INTRODUCTION
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Abstract

Objective: The predictive potential of the neutrophil-to-lymphocyte ratio (NLR) and
plasma lactate was investigated in regard to the prognosis of patients with sepsis.
Methods: Sixty-three nonsurgical and nontrauma adult patients with sepsis admit-
ted to the intensive care unit (ICU) from September 2016 to October 2018 were
consecutively included in the study. In addition, healthy subjects were assigned to
a control group. Neutrophil and lymphocyte counts were evaluated via a complete
blood count. Plasma lactate, procalcitonin (PCT), and C-reactive protein (CRP) levels
were measured. The main outcome was 28-day mortality.

Results: Neutrophil-to-lymphocyte ratio and plasma lactate levels of the patients
were significantly higher than those of control subjects: 19.44 (14.3-34.53) vs 14.09
(8.17-28.99), P = 0.049; and 3.7 (3-6.6) vs 2.72 (2.13-4.3) ng/mL, P = 0.008, respec-
tively. There were no statistical differences in the concentrations of PCT and CRP
between nonsurvivors and survivors: 6.1 (3.43-33.59) vs 9.43 (4.24-37.68) ng/mL,
P = 0.44; and 108 (77.8-153) vs 114.5 (71.43-162) ng/mL, P = 0.672, respectively.
With an optimal cutoff of 14.08, the sensitivity and specificity of NLR for prediction
of 28-day mortality were 78.3% and 50%, respectively. And the sensitivity and speci-
ficity of plasma lactate level to predict 28-day mortality, at an optimal cutoff value of
2.99 mmol/L, were 82.6% and 55%, respectively.

Conclusions: Neutrophil-to-lymphocyte ratio and plasma lactate were associated
with poor outcomes in patients with sepsis and predicted mortality.
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in 2011.% Furthermore, survivors of sepsis often suffer from sub-
stantial and persistent new cognitive impairment and functional dis-

Sepsis is the primary cause of death from infection. It is also one
of the leading causes of intensive care unit (ICU) mortality, despite
early administration of antibiotics and hemodynamic management.1
Sepsis is a life-threatening organ dysfunction caused by a deregu-
lated host response to an infection. It is a major public health con-

cern, accounting for more than $20 billion in the US hospital costs

ability, imposing a great burden on healthcare systems and societies
worldwide.®

Therefore, finding tools that may assist physicians in early iden-
tification of patients with sepsis, especially those at high risk, may
improve outcomes in patients with sepsis. Plasma biomarkers may
have diagnostic, prognostic, and theranostic values, all of which are
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important factors influencing outcomes in patients with sepsis.*
Indeed, procalcitonin (PCT) and C-reactive protein (CRP) had been
applied in evaluation of the severity of an episode of sepsis along
with patient therapeutic responses and guided duration of therapy
in critically ill patients.> However, due to their unspecific character
and insufficient predictive value for the individual, urgent identifica-
tion of a more robust biomarker is essential.®

Systemic inflammation is related to alterations in circulating
blood cell composition as a response of the immune system to stress
or sepsis.”® White blood cell (WBC) count has been identified as an
important systemic inflammation marker.” Recent reports demon-
strated that the WBC count had an independent ability to predict
all-cause mortality.}®'! Data from previous research indicated that
changes in WBC (neutrophil and lymphocyte) were associated with
inflammatory diseases. The most well-known WBC disease is rela-
tive lymphopenia accompanied by neutrophilia. The neutrophil-to-
lymphocyte ratio (NLR) is a rapid and simple parameter of systemic
inflammation and stress, which expresses the severity of the disease
in the critically ill patients.® Lactate is a normal product of anaerobic
metabolism.*? The blood lactate levels are elevated not only due to
tissue hypoxia or anaerobic glycolysis, but also due to secondary ac-
tivation of the stress response. Characteristics of lactate production
best fit the notion of an adaptive survival response that grows in in-
tensity as disease severity increases. Measurement of blood lactate
levels may aid prediction of mortality. Its presence and progression
are widely appreciated by doctors as an indicator in the detection of
very high-risk populations.13 Lactate measurement was frequently
used in hospital settings to identify patients with sepsis and to guide
initiation of early treatment.*

The primary purpose of this study was to determine the capa-
bility of NLR and plasma lactate to predict mortality during hos-
pitalization and later (in 28 days) in patients with sepsis from the
Department of Critical Care Medicine, compared to established sep-
sis-related biomarkers (PCT and CRP).

2 | METHODS

2.1 | Patients

We conducted a prospective, observational study at the Changhai
Hospital, China, a 2000-bed tertiary care hospital involving patients
with sepsis. Sixty-three nonsurgical and nontrauma adult patients
with sepsis admitted to the Department of Critical Care Medicine
from September 2016 to October 2018 were consecutively included
in the study. Enrollment within 24 hours after onset of sepsis was
chosen to eliminate confounding factors, such as variable onset time,
and to improve group homogeneity. In the present study, sepsis and
septic shock were defined in accordance with the Third International
Consensus Definitions (infection + increment of SOFA = 2).'° The
exclusion criteria included the following: (a) age < 18 years or
>90 years; (b) hematological disease, cancer, autoimmune disease; (c)
hospitalization or receiving antibiotics within the past 28 days; and
(d) being re-admitted to the ICU. All eligible patients were divided

into two groups: (a) the survivor group, which included patients
who survived 28 days after initial diagnosis, and (b) the nonsurvivor
group, which included patients who died within 28 days following
diagnosis (Figure 1).

The protocol and procedure for obtaining informed consent
were approved by the Institutional Ethical Committees, and consent

forms were provided by first-degree relatives or patients.

2.2 | Measurements and data collection

Baseline characteristics of the patients including demograph-
ics (age and gender), comorbidities (cardiovascular disease,
chronic lung disease, and diabetes, among others), and primary
diagnosis were recorded. Blood samples were collected within
24 hours after diagnosis. Routine blood tests, blood gas analysis,
and PCT concentrations were conducted in the hospital's central
laboratory. Routine blood tests, including neutrophil count and
lymphocyte count (blood analyzer, Sysmex XN9000), CRP (scat-
tering nephelometry, reagents purchased from Shenzhen Guosai
Biotechnology Co., Ltd.), and plasma PCT concentrations were
measured in duplicates as recommended by the manufacturer
using a time-resolved amplified cryptate emission technology
assay (PCT KRYPTOR; Brahms AG). Plasma lactate was evaluated
on an ABL80O0 Flex (Radiometer Medical ApS). All samples were
encrypted and analyzed by trained laboratory technicians blinded

to the patients' diagnoses.
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FIGURE 1 The algorithm of patient enroliment
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TABLE 1 Baseline characteristics of patients enrolled in the

study

n

Age (mean + SD;
range)

Male gender

Body mass index
(kg/m?)

Survivors

40 (63.5%)
66.7 £ 13.83

28 (70%)
20.97 £2.39

Blood pressure (mm Hg)

Systolic blood
pressure

Diastolic blood
pressure

Heart rate
Respiratory rate
Comorbidity

Cardiovascular
disease

Lung disease

Diabetes

Other

Smoker

Alcohol

Site of infection
Thorax only
Abdomen only
Urinary only
Combined
Other

Organisms

Gram-positive
isolates only

Gram-negative
isolates only

Fungi

Mixed bacterial
isolates

Unidentified
Dialysis

Mechanical
ventilation

Vasopressors

126.1 £ 29.25

73.6 £24.75

93.92 +21.51
21.1+4.78
11 (27.5%)
5(12.5%)

2 (5%)

8 (20%)

2 (5%)

21 (52.5%)
18 (45%)

3(7.5%)
14 (35%)
4 (10%)

2 (5%)

17 (42.5%)

6 (15%)

12 (30%)

1(2.5%)
5(12.5%)

16 (40%)
6 (15%)
16 (40%)

12 (30%)

Nonsurvivors

23 (36.5%)
70.87 + 12.07

17 (73.91%)
21.38+3.11

116.39 £ 26.72

67.35+18.37

101.52 + 26.21
21.87+4.8
7 (30.43%)
6(26.09%)

2 (8.7%)
3(13.04%)
4 (17.39%)
14 (60.87%)
12 (52.13%)

2 (8.7%)

13 (56.52%)
1(4.35%)
1(4.35%)
6(26.09%)

4(17.39%)

7 (30.43%)

1(4.38%)
4(17.39%)

7 (30.43%)
6(26.09%)
14 (60.87%)

22(95.65%)

P-value

0.781

0.741
0.123

0.638

0.645

0.234
0.437
0.804

0.215
0.716

0.281
0.11

<0.01

Note: Data are presented as n (%), means (+SD), and medians (25th, 75th

percentile).

Abbreviation: ICU, intensive care unit.

2.3 | Statistical analysis

All analyses were performed using SPSS 21.0 software, and sta-

tistical significance was set at P < 0.05. Box plots were used to

present results. The chi-square test was used to compare the two
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sets of data, and the Mann-Whitney U test was used to compare
the two sets of measurement data. Receiver operating charac-
teristic (ROC) curves were constructed to compare prognostic
performance and to determine the optimal cutoff points for the
biomarkers. Spearman's rank correlation coefficient (rs) was used
to determine correlation between conventional inflammation-re-

lated biomarkers.

3 | RESULTS

3.1 | Patient population and characteristics

Sixty-three consecutive patients meeting the criteria of sepsis were
enrolled, with 40 (63.5%) patients in the survivor group and 23 (36.5%)
patients in the nonsurvivor group. Patients who underwent a rapid
fatal outcome (within 24 hours after ICU admission) were excluded
from the analysis. Baseline clinical characteristics of the 63 patients
included in the present study are listed in Table 1.

3.2 | Levels of NLR, plasma lactate, PCT, and CRP

Neutrophil-to-lymphocyte ratio and plasma lactate were higher
in the nonsurvivors than in the survivors: Median (IQR25-IQR75)
values were 19.44 (14.33-4.53) vs 14.09 (8.17-28.99), P = 0.049;
and 3.7 (3-6.6) vs 2.72 (2.13-4.3) ng/mL, P = 0.008, respectively.
There were no statistical differences in the concentrations of PCT
and CRP between nonsurvivors and survivors: 6.1 (3.43-33.59)
vs 9.43 (4.24-37.68) ng/mL, P = 0.44; and 108 (77.8-153) vs 114.5
(71.43-162) ng/mL, P = 0.672, respectively (Figure 2).

3.3 | Prediction of mortality

Receiver operating characteristic curves were used to analyze the re-
lationship between NLR, lactate, and 28-day mortality. The area under
the ROC curve was 0.634 (P = 0.049) for the ability of NLR to predict
28-day mortality, with a sensitivity of 78.3% and specificity of 50%.
The optimal cutoff was 14.08. The area under the ROC curve was
0.701 (P = 0.008) for the ability of plasma lactate level to predict 28-
day mortality, and the sensitivity and specificity, at an optimal cutoff
value of 2.99 mmol/L, were 82.6% and 55%, respectively (Figure 3).
Finally, further ROC curve analysis revealed that prediction of 28-day
mortality was improved markedly by addition of NLR to plasma lactate
(AUC = 0.736, P = 0.002) compared to NLR (AUC = 0.634) and plasma
lactate (AUC = 0.701) alone (Figure 4).

3.4 | Correlation with conventional inflammation-
related biomarkers

Spearman's rank correlation coefficient (rs) was conducted to as-
sess the correlations among NLR and lactate levels and biomarkers
of inflammation (PCT and CRP). There was significant correlation
between NLR and lactate (rs = 0.412, P = 0.001), between lactate
and CRP (rs = 0.257, P = 0.042), and PCT (rs = 0.288, P = 0.022).



LIU eT AL.

® | (B)
1254
bt = =0.008
g 1007
E
& o Py
z E 754
P=0.049 E
©
o g H
)
é m
2514 _L
oy
T T 00
Survivors Nonsurvivors T .
Survivors Nonsurvivors
median 14.09 19.44 median 2.72 3.7
QR25-QR75 8.17-28.99 14.3-3453 QR25-QR75 2.13-43 3-6.6
(@) (D)
100 -T- <0
P=0.44
L 4004
i = P=0.627
= a0
2 g = T T
xr
1004
1
o L - _|_
o
Survivors Nonsurvivors " T
Survivors Nonsurvivors
median 9.43 6.1 median 114.5 108
QR25-QR75 424-37.68 3.43-33.59 QR25-QR75 71.43-162 77.8-153

FIGURE 2 Levels of neutrophil-to-lymphocyte ratio (NLR), plasma lactate, procalcitonin (PCT), and C-reactive protein (CRP)

However, there was no significant correlation between NLR and CRP
(rs = 0.142, P = 0.268) and PCT (rs = 0.221, P = 0.082).

4 | DISCUSSION
Differentiating nonsurvivors from survivors is an important issue
in clinical practice. Biomarkers may be used to enhance diagnostic,
prognostic, and theranostic values, all of which are important factors
influencing the outcomes in patients with sepsis.* Blood is a biologi-
cal fluid traditionally used for biomarker studies. The current study
evaluated the predictive value of four biomarkers—NLR, plasma lac-
tate, PCT, and CRP.

It has already been known that levels of PCT and CRP may allow

for a better outcome prediction. In fact, our findings did not indicate

significant differences in the plasma concentrations of PCT and CRP
between nonsurvivors and survivors. This result seems to substan-
tiate those of a previous study involving patients critically ill with
sepsis and infection, where nonsurvivors and survivors had the same
PCT plasma levels.® PCT levels have been shown to correlate with
the severity of sepsis.’®'” Furthermore, CRP levels of nonsurvivors
did not differ significantly from those of survivors. This is consis-
tent with other studies, demonstrating that CRP did not allow early
discrimination of nonsurvivors from survivors with postoperative
sepsis.“’

Results of the current study indicated that NLR was significantly
elevated in the nonsurvivors compared to that in the survivors. NLR
may simply reflect an appropriate tissue perfusion response that
is adaptive. There was significant correlation between NLR and

lactate (rs = 0.412, P = 0.001). The association between increased
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FIGURE 4 Receiver operating characteristics of neutrophil-
to-lymphocyte ratio (NLR), lactate, and NLR with added lactate in
patients with sepsis in relation to 28-d mortality

mortality and raised NLR was also consistent with that in prior
studies; Shahidi reported that the NLR was a simple, cheap, rap-
idly accessible, and independent indicator of short- and long-term
mortalities in critically ill patients.18 WABCs, in particular neutrophils
and lymphocytes, are known to play an important role in the inflam-

matory processes of chronic diseases, such as atherosclerosis.**?°

tory response to tissue injury and were related to reperfusion in-
jury.22 Lymphocytopenias were associated with cortisol production
and neuroendocrine stress.?® NLR indicated that these two were
inversely related immune pathways: one representing unrestrained
inflammation and the other a latent immune pathway.?* Thus, the
most plausible explanation was that NLR would be increased in
nonsurvivors due to systemic inflammation. It had been proved that
NLR may play an active role in stratifying risk, optimizing treatment,
and managing patients.

Results of the present study suggested lactate as the sin-
gle best-performing biomarker for identifying nonsurvivors and
survivors of sepsis. Under normal physiological conditions, the
half-life of lactate is approximately 20 minutes. Therefore, a per-
sistently high lactate level reflected its continuous production or
lack of elimination.?® Previous studies demonstrated that elevated
lactate levels were associated with high mortality and poor prog-
nostic outcomes.?®?” Several biomarkers have been proposed to
predict mortality, but lack sufficient sensitivity and specificity.
Both composite biomarkers may have significantly higher sensi-
tivity and specificity than all the single biomarkers, suggesting
the need for a joint interpretation of several biomarkers in sepsis
prediction.

In conclusion, raised NLR and lactate levels showed significant
association with increased mortality in patients with sepsis. NLR and
lactate may be important prognostic biomarkers to optimize treat-
ment and manage patients. Larger, multicenter trials may be needed
to further verify these findings.

ORCID
Yunlong Liu https://orcid.org/0000-0002-4756-882X
REFERENCES

1. Vincent JL. Clinical sepsis and septic shock-definition, di-
agnosis and management principles. Langenbeck's Arch Surg.
2008;393:817-824.

2. Torio CM, & Andrews RM.National Inpatient Hospital Costs: the
most expensive conditions by Payer, 2011: Healthcare Cost and
Utilization Project (HCUP) statistical briefs. https://www.ncbi.nlm.
nih.gov/books/NBK169005/. Accessed March 26, 2019.

3. lwashyna TJ, Ely EW, Smith DM, Langa KM. Long-term cognitive im-
pairment and functional disability among survivors of severe sepsis.
JAMA. 2010;304:1787-1794.

4. vanEngelen T, Wiersinga WJ, Scicluna BP, van der Poll T. Biomarkers
in sepsis. Crit Care Clin. 2018;34:139-152.

5. Tschaikowsky K, Hedwig-Geissing M, Braun GG, Radespiel-Troeger
M. Predictive value of procalcitonin, interleukin-6, and C-reactive
protein for survival in postoperative patients with severe sepsis. J
Crit Care. 2011;26:54-64.

6. Lichtenstern C, Brenner T, Bardenheuer HJ, Weigand MA.
Predictors of survival in sepsis: what is the best inflammatory
marker to measure? Curr Opin Infect Dis. 2012;25:328-336.


https://orcid.org/0000-0002-4756-882X
https://orcid.org/0000-0002-4756-882X
https://www.ncbi.nlm.nih.gov/books/NBK169005/
https://www.ncbi.nlm.nih.gov/books/NBK169005/

56 | wiLEY

7.

10.
11.

12.

13.

14.

15.

16.
17.

18.

LIU eT AL.

Gabay C, Kushner |. Acute-phase proteins and other systemic re-
sponses to inflammation. N Engl J Med. 1999;340:448-454.
Zahorec R. Ratio of neutrophil to lymphocyte counts-rapid and
simple parameter of systemic inflammation and stress in critically
ill. Bratis Lek Listy. 2001;102:5-14.

Nilsson G, Hedberg P, Ohrvik J. White blood cell count in elderly
is clinically useful in predicting long-term survival. J Aging Res.
2014;2014:475093-475099.

Weijenberg MP, Feskens E, Kromhout D. White blood cell count and
the risk of coronary heart disease and all-cause mortality in elderly
men. Arterioscler Thromb Vasc Biol. 1996;16:499-503.

Ruggiero C, Metter EJ, Cherubini A, et al. White blood cell count
and mortality in the Baltimore longitudinal study of aging. J Am Coll
Cardiol. 2007;49:1841-1850.

Zymlinski R, Biegus J, Sokolski M, et al. Elevated serum lactate
is a marker of organ damage related to impaired hemodynam-
ics and indicates poor prognosis in acute heart failure. Eur Heart J.
2013;34:51517.

Garciaalvarez M, Marik PE, Bellomo R. Sepsis-associated hyperlac-
tatemia. Crit Care. 2014;18:503-514.

Morris E, Mccartney D, Lasserson D, Van den Bruel A, Fisher R,
Hayward G. Point-of-care lactate testing for sepsis at presentation
to health care: a systematic review of patient outcomes. Br J Gen
Prac. 2017;67:€859-e870.

Singer M, Deutschman CS, Seymour CW, et al. The Third
International Consensus Definitions for Sepsis and Septic Shock
(Sepsis-3). JAMA. 2016;315(8):775-787.

Meisner M, Tschaikowsky K, Palmaers T, Schmidt J. Comparison of
procalcitonin (PCT) and C-reactive protein (CRP) plasma concen-
trations at different SOFA scores during the course of sepsis and
MODS. Crit Care. 1999;3:45-50.

Gaini S, Koldkjaer OG, Pedersen C, Pedersen SS. Procalcitonin,
lipopolysaccharide-binding protein, interleukin-6 and C-reactive
protein in community-acquired infections and sepsis: a prospective
study. Crit Care. 2006;10:R53-R63.

Akilli NB, Yortanli M, Mutlu H, et al. Prognostic importance of neu-
trophil-lymphocyte ratio in critically ill patients: short- and long-
term outcomes. Am J Emerg Med. 2014;32:1476-1480.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Guasti L, Dentali F, Castiglioni L, et al. Neutrophils and clinical out-
comes in patients with acute coronary syndromes and/or cardiac
revascularization. Thromb Haemost. 2011;6:591-599.

Grau AJ, Boddy AW, Dukovic DA, et al. Leukocyte count as an
independent predictor of recurrent ischemic events. Stroke.
2004;35:1147-1152.

de Jager C, Wever PC, Gemen E, et al. The neutrophil-lymphocyte
count ratio in patients with community-acquired pneumonia. PLoS
ONE. 2012;7:e46561-e46569.

Segel GB, Halterman MW, Lichtman MA. The paradox of the neu-
trophil's role in tissue injury. J Leukoc Biol. 2011;89:359-372.
Gennari R, Dominioni L, Imperatori A, Bianchi V, Maroni P, Dionigi
R. Alterations in lymphocyte subsets as prognosticators of postop-
erative infections. Eur J Surg. 1995;161:493-499.

Tan TP, Arekapudi A, Metha J, Prasad A, Venkatraghavan L.
Neutrophil-lymphocyte ratio as predictor of mortality and morbid-
ity in cardiovascular surgery: a systematic review. Aust N Z J Surg.
2015;85:414-419.

Wittayachamnankul B, Chentanakij B, Sruamsiri K, Chattipakorn N.
The role of central venous oxygen saturation, blood lactate, and cen-
tral venous-to-arterial carbon dioxide partial pressure difference as a
goal and prognosis of sepsis treatment. J Crit Care. 2016;36:223-229.
Mikkelsen ME, Miltiades AN, Gaieski DF, et al. Serum lactate is as-
sociated with mortality in severe sepsis independent of organ fail-
ure and shock. Crit Care Med. 2009;37:1670-1677.

Shapiro NI, Howell MD, Talmor D, et al. Serum lactate as a predictor
of mortality in emergency department patients with infection. Ann
Emerg Med. 2005;45:524-528.

How to cite this article: Liu Y, Zheng J, Zhang D, Jing L.

Neutrophil-lymphocyte ratio and plasma lactate predict
28-day mortality in patients with sepsis. J Clin Lab Anal.

2019;33:22942. https://doi.org/10.1002/jcla.22942



https://doi.org/10.1002/jcla.22942

