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Neutrophil-to-Lymphocyte Ratio in
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SUMMARY
Background: Despite the extensive improvement in antibiotic treatment and medical care, severe adult community-acquired pneumonia (CAP) remains as the significant cause of death worldwide. Earlier prognosis assessment
and timely treatment in adult CAP patients are useful for prognosis. The neutrophil-to-lymphocyte ratio (NLR) in
blood routine has a broad application possibility in assessing inflammatory reaction and prognosis. The aim of
this study was to examine the relationship between NLR and inflammatory reaction and to unravel the usefulness
of NLR in the assessment of clinical outcomes in adult CAP patients.
Methods: This retrospective study was conducted based on adult patients with a primary diagnosis of CAP. All patients included received a routine blood test and calculated NLR. All of the measurement data were analyzed with
paired t-test and the enumeration data were analyzed with χ2 test. Multivariate analysis was performed to investigate the association between predictors (age, male, CURB-65 scores, comorbidity, NLR, and other inflammatory
cells in blood routine) and unfavorable outcomes of CAP (ICU admission and 30-day mortality). Receiver operating characteristic curves (ROC) were used to evaluate the sensitivity and specificity of NLR in predicting unfavorable outcomes of CAP.
Results: One hundred fifty patients were included. Compared with favorable outcomes group, age, CURB-65
scores, WBC, neutrophil and lymphocyte counts, and NLR were elevated in unfavorable outcomes group
(p < 0.05), gender and coexisting illness did not differ obviously. Multivariate logistic regression model analysis
showed CURB-65 scores and NLR were independent predictors correlated with unfavorable outcomes (p < 0.05).
The area under the ROC curve (AUC) of NLR was 0.81 (95% CI 0.73 to 0.89), the sensitivity was 81.00% and
specificity was 72.8%. NLR is superior to CURB-65 in predicting unfavorable outcomes. NLR combined CURB65 has better sensitivity and specificity (89.40% versus 91.30%).
Conclusions: NLR is a simple, cheap, and rapidly available measurement in blood routine and is associated with
unfavorable clinical outcomes in adult CAP patients.
(Clin. Lab. 2019;65:xx-xx. DOI: 10.7754/Clin.Lab.2018.181042)
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Neutrophil and lymphocyte count in routine blood test
was measured by electrical impedance method on a
HORIBA ABX Pentra 80 analyzer (HORIBA ABX
SAS, Montpellier cedex, France) according to the manufacturer’s instructions, and a value of 1.8 x 109/L to
6.3 x 109/L was used as the biological reference for neutrophil count and 1.1 x 109/L to 3.2 x 109/L for lymphocyte count.
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INTRODUCTION
Despite the extensive improvement in antibiotic treatment and medical care, severe adult CAP remains a significant cause of death worldwide [1,2]. According to
previous larger epidemiological investigations in China,
CAP is the fourth leading cause of mortality, mostly occurring in elderly adults [3,4]. Patients with severe CAP
usually survive with advanced support in intensive care
unit (ICU), causing major socioeconomic burden. Earlier prognosis assessment and timely treatment in adult
CAP patients are useful for prognosis [5]. In the pathophysiology of adult CAP, the imbalance between proinflammatory and anti-inflammatory systems plays a
critical role in the outcomes of severe CAP. Roles of
different inflammatory cells in blood routine, including
neutrophils, lymphocytes, and other white blood cells
have been studied thoroughly in previous investigations
[6-9]. The neutrophil-to-lymphocyte ratio (NLR) attracts particular attention and has been proven to be an
indicator of inflammation and prognosis in cerebral ischemia [10], carcinoma [11,12], severe traumatic brain
injury[13], coronary artery disease [14,15], acute exacerbation of chronic obstructive pulmonary disease [16,
17], and so on. However, the relationship between NLR
and adult CAP clinical outcomes was still unclear. The
aim of this study was to examine the relationship between NLR and inflammatory reaction and to unravel
the usefulness of NLR in assessment of clinical outcomes in adult CAP patients.

Statistical analyses
We performed the statistical analysis using SPSS 20.0,
and the significance level was set as a p-value < 0.05.
Continuous variables were expressed as mean ± standard deviation (SD) or median and inter quartile rang
(IQR) when the distribution was not satisfied by the
Kolmogorov-Smirnov test. All of the measurement data
were analyzed with paired t-test and the enumeration
data were analyzed with χ2 test. This retrospective study
was conducted based on adult patients with a primary
diagnosis of CAP. All patients included received routine blood test and calculated NLR. All of the measurement data were analyzed with paired t-test and the enumeration data were analyzed with χ2 test. Multivariate
analysis was performed to investigate the association
between predictors (age, male, CURB-65 scores, comorbidity, NLR, and other inflammatory cells in routine
blood tests) and unfavorable outcomes of CAP (ICU admission and 30-day mortality). Receiver operating characteristic curves (ROC) were used to evaluate the sensitivity and specificity of NLR in predicting unfavorable
outcomes of CAP.
RESULTS
Comparison of predictors in two groups (unfavorable outcome group and favorable outcome group)
One hundred fifty patients were included. Compared
with the favorable outcome group, age, CURB-65
scores, WBC, neutrophil count, lymphocyte count, and
NLR were elevated in the unfavorable outcome group
(p < 0.05), gender and coexisting illness did not differ
obviously (p > 0.05) (Table l).

MATERIALS AND METHODS
Patients
This retrospective study was based on patients admitted
into respiratory department or emergency department in
a regional teaching general hospital in China between
January 2016 and September 2018 for adult CAP. Diagnosis of CAP was confirmed by clinical manifestations
and radiological studies. Patients in long-term care facilities or a recent stay in a hospital (less than a week)
and with a known immune deficiency, hematological
diseases and a known cause for leukopenia were excluded. Age, gender, CURB-65 score, serum inflammatory markers (WBC, neutrophils, lymphocytes, NLR)
and prognostic indexes (ICU admission and 30-day
mortality) were documented.

Multivariate analysis of the association between predictors and unfavorable outcomes of CAP
Multivariate logistic regression model analysis showed
CURB-65 scores and NLR were independent predictors
correlated with unfavorable outcomes (p < 0.05). (Table
2).
NLR for unfavorable outcomes of CAP
The area under the ROC curve (AUC) of NLR was 0.81
(95% CI 0.73 to 0.89), the sensitivity was 81.00% and
specificity was 72.8%. The AUC of ROC curve of
CURB-65 was 0.94 (95% CI 0.90 to 0.98), the sensitivity was 78.70% and specificity was 94.20%. The AUC
of ROC curve of NLR combined CURB-65 was 0.96

The measurement of inflammatory markers
Venous blood for neutrophil and lymphocyte counts
was drawn from patients upon admission; this was day
1 NLR.
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Table 1. Comparison of clinical characteristics of CAP with favorable and unfavorable outcomes.
Patients with favorable outcome
(n = 103)

Characteristic

Patients with unfavorable outcome
(n = 47)

p-value

Age (years), median IQR

51 (35 - 64)

78 (69 - 84)

0.00

Male gender, n (%)

51 (49.51%)

32 (68.09%)

0.19

CURB-65 Scores
0 - 1 Score n (%)

97 (94.17%)

10 (21.28%)

0.00

2 Scores n (%)

5 (4.85%)

16 (34.04%)

0.00

3 - 5 Scores n (%)

1 (0.98%)

21 (44.68%)

0.00

WBC (x 109/L)

8.44 ± 3.44

13.40 ± 12.90

0.01

5.43 ± 3.12

9.19 ± 6.18

0.00

Lymphocyte count (x 10 /L)

1.71 ± 0.99

1.19 ± 0.66

0.00

NLR

3.19 ± 3.04

8.88 ± 5.81

0.00

Coexisting illness, n (%)

35 (33.98%)

43 (91.49%)

0.62

Peripheral blood routine
9

Neutrophil count (x 10 /L)
9

Abbreviations: IQR - interquartile range, WBC - white blood cell.

Table 2. Multivariate analysis for predictors associated with unfavorable outcomes of CAP.
Predictor

OR

95% CI

p-value

Age (years)

0.987

0.945 - 1.031

0.560

CURB-65 Scores

0.129

0.051 - 0.325

0.000

WBC (x 10 /L)

0.978

0.902 - 1.080

0.987

Neutrophil count (x 109/L)

1.060

0.766 - 1.466

0.727

Lymphocyte count (x 10 /L)

0.885

0.224 - 3.502

0.862

NLR

0.678

0.464 - 0.991

0.045

9

9

Table 3. The ROC analysis of NLR in predicting unfavorable outcomes of CAP.
Item

Sensitivity (%)

Specificity (%)

Younden’s index (%)

SE

AUC (95% CI)

p-value

NLR

81.00

72.80

54.00

0.04

0.81 (0.73 - 0.89)

0.00

CURB-65 scores

78.70

94.20

73.00

0.20

0.94 (0.90 - 0.98)

0.00

Combined

89.40

91.30

81.00

0.02

0.96 (0.93 - 0.99)

0.00

(95% CI 0.93 to 0.99), the sensitivity was 89.40% and
specificity was 91.30%. NLR is superior to CURB-65
in predicting unfavorable outcomes. NLR combined
with CURB-65 has a better sensitivity and specificity.
(Table 3, Figure 1-3).
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DISCUSSION
CAP is a major infectious disease worldwide. According to previous larger epidemiological investigations in
the United States, every year about 500,000 adults are
hospitalized for CAP [18], of whom 50,000 to 100,000
patients are admitted to ICU to receive advanced support [19] causing major socioeconomic burden. Earlier
3
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Figure 1. ROC curve of NLR in predicting unfavorable outcomes of CAP.

Figure 2. ROC curve of CURB-65 scores in predicting unfavorable outcomes of CAP.

prognosis assessment to identify patients with high mortality risk who need to be admitted as inpatients and receive timely treatment is useful for prognosis. Nowadays, many clinical prediction rules, such as CURB-65
and pneumonia severity index (PSI) have been devel-

oped [20,21], just focus on the specificity and sensitivity of CURB-65 and PSI. The performance of those prediction rules is quite good, while each has its weakness.
CURB-65 sometimes overestimates in elderly patients
[22-24] and PSI is time-intensive. NLR in routine blood
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Figure 3. ROC curve of NLR combined CURB-65 scores in predicting unfavorable outcomes of CAP.

The main limitation of the study is only 150 patients
were included in this retrospective study, so we have the
possibility of selection bias. The major strength is that
we employ a simple, cheap, and rapidly available index
which correlates with unfavorable clinical outcomes in
CAP patients.

tests, which can reveal the imbalance between pro-inflammatory and anti-inflammatory systems, has broad
application possibility in assessing inflammatory reaction and prognosis, such as in cerebral ischemia [10],
carcinoma [11,12], severe traumatic brain injury[13],
coronary artery disease [14,15], acute exacerbation of
chronic obstructive pulmonary disease [16,17], and so
on. However, the relationship between NLR and adult
CAP clinical outcomes iss still unclear. This study investigates the association between predictors (age, male,
CURB-65 scores, comorbidity, NLR and other inflammatory cells in routine blood tests) and unfavorable outcomes of CAP (ICU admission and 30-day mortality).
We also examine the relationship between NLR and inflammatory reaction and unravel the usefulness of NLR
in assessment of clinical outcomes in adult CAP patients.
Our study found age, CURB-65 scores, WBC, neutrophil count, lymphocyte count and NLR were elevated in
the unfavorable outcome group (p < 0.05), multivariate
logistic regression model analysis showed CURB-65
scores and NLR were independent predictors correlated
with unfavorable outcomes (p < 0.05). NLR is superior
to CURB-65 in predicting unfavorable outcomes. NLR
combined with CURB-65 has better sensitivity and
specificity (89.40% versus 91.30%). All of these results
indicated NLR is associated with an unfavorable clinical outcome in adult CAP patients, and it is a simple,
cheap, and rapidly available measurement.
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CONCLUSION
In summary, the current study showed NLR as a simple,
cheap, and rapidly available measurement in blood routine. It is associated with an unfavorable clinical outcomes in adult CAP patients. Elevated NLR in adult
CAP patients is associated with an increased ICU admission and lower survival.
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