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Abstract

Background: Community‐acquired pneumonia (CAP) is the acute infection of lung

tissue in an immunocompetent who acquired it from the community. Its incidence

and mortality are significant and require a marker to predict the severity and

mortality in these patients. Neutrophil–lymphocyte ratio (NLR) is a simple, cheap,

and easy‐to‐use marker and this study describes its role in predicting the adverse

outcome in patients with CAP.

Methods: PubMed, EMBASE, and Google Scholar were used to search for related

studies on February 8, 2021. A total of 186 articles were retrieved upon detailed

searching in the databases and search engines. After a series of removing duplicate

articles, title and abstract screening, and full‐text review; nine articles were found

eligible and included in the study. The data from each article were collected in MS

Excel and the findings were summarized in this manuscript.

Results: The total number of patients analyzed in this systematic review is 3340. The

mean age of the patient in the included studies ranged from 61 to 90.4 years. All

studies had adverse outcomes as the endpoint of the study, which included in‐

hospital mortality or intensive care unit (ICU) admission or deterioration from

medium and low risk to high risk or 30 days' mortality. The prevalence of endpoint

ranged from 5.8% to 44.8%. NLR with a cutoff value of more than 10 was shown to

predict mortality compared to C‐reactive protein levels, white blood cell count,

neutrophil count, lymphocyte level, Pneumonia Severity Index (PSI) level, PSI class,

procalcitonin, and CURB‐65 (Confusion, Respiratory rate, Blood pressure, 65 years

of age and older) in most of the studies.

Conclusion: NLR is a simple, easily measured yet promising marker for predicting

outcomes in patients with CAP.

K E YWORD S

adverse outcome, CAP, NLR, pneumonia, predictor

Health Sci. Rep. 2022;5:e630. wileyonlinelibrary.com/journal/hsr2 | 1 of 10

https://doi.org/10.1002/hsr2.630

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2022 The Authors. Health Science Reports published by Wiley Periodicals LLC.

http://orcid.org/0000-0002-7891-0333
http://orcid.org/0000-0001-6425-9490
mailto:kuikelsandip@iom.edu.np
https://onlinelibrary.wiley.com/journal/23988835


1 | INTRODUCTION

Pneumonia is a form of acute respiratory infection involving the lungs.1

Pneumonia is one of the major causes of hospitalization in the United

States. It accounted for more than 800,000 hospitalizations and more

than 400,000 emergency department visits in 2014 in the United States.2

In 2010, out of reported 52.8 million deaths globally, lower respiratory

tract infection accounted for about 3.4 to 2.8 million deaths.3 Pneumonia

is caused by a various number of infectious agents that are bacteria or

fungi or viruses. The commonly attributed organisms in adults are

Streptococcus pneumonia, Haemophilus influenzae, respiratory syncytial

virus, and Pneumocystis jiroveci in patients with HIV/AIDS. Other less

common organisms causing pneumonia include Mycoplasma pneumonia,

Chlamydophila pneumonia, Legionella sp., and Pseudomonas aeruginosa.2

Pneumonia has been classified into four types, namely, community‐

acquired pneumonia (CAP), hospital‐acquired pneumonia, healthcare‐

associated, and ventilator‐associated pneumonia.4 CAP is an acute

infection of lung tissue in an immunocompetent patient who was not

recently hospitalized, or had been hospitalized only for less than 48 h and

acquired it from the community.4,5 The incidence and mortality of CAP

are higher at extremes of age accounting for 5.15–7.06 cases per 1000

persons per year in adults.4 CAP is one of the leading causes of death

globally.6 It causes about 102,000 deaths per year in the United States

alone with mortality of 13% at 1 month, 23.4% at 6 months, and 30.6% at

12 months.7

Pneumonia Severity Index (PSI) and Confusion, Respiratory

rate, Blood pressure, 65 years of age and older (CURB‐65) are

commonly used tools among many scoring systems for assessing

the severity and predicting mortality in patients with CAP.8

However, none of the scoring systems is ideal and some scores

are cumbersome to be used in day‐to‐day clinical practice.

Inflammatory biomarkers in the blood‐like C‐reactive protein

(CRP) and procalcitonin may improve the prognostic accuracy of

these scores.9,10 However, these two biomarkers are not always

reliable,11 thus arising the need to identify a biomarker that is

reliable, cheap, and easy to use. One of the studied markers

includes neutrophil–lymphocyte ratio (NLR), which is an easily

measurable index. It is the ratio of absolute neutrophil count to

absolute lymphocyte count. Under pathological stress, the

number of neutrophils increases, whereas the number of

lymphocytes decreases. This systematic review tries to define

the role of NLR in determining the outcome in patients with CAP.

2 | METHODS

2.1 | Searching strategy

This study was done in accordance with the Preferred Reporting

Items for Systematic Reviews and Meta‐Analyses (PRISMA)

statement. A search strategy was developed and used for

literature review in two of the major databases: PubMed and

EMBASE. The literature review was done by searching for the

remaining articles in the reference to related articles. The

keywords used for the search in major databases were “Commu-

nity acquiredpneumonia,” “CAP,” “neutrophils,” “lymphocytes,”and

“ratio,” and “survival,” “mortality,” or “prognosis.” Only human

filter was applied in our search. The search was conducted on

February 8, 2021, and articles published up to the search date

were included in the study. Our systematic review was not

prospectively registered with any of the international Systematic

Review Registers.

2.2 | Selection of studies

Six items (PICOTS) were used to define the question for our

systematic review of NLR as a prognostic factor, based on CHARMS

(checklist for critical appraisal and data extraction for systematic

reviews of prediction modeling studies):

• Population: Patient admitted with a diagnosis of CAP, diagnosis

made either radiologically or clinically.

• Index prognostic factor: NLR was the single biomarker reviewed

for its prognostic value.

• Other conventional prognostic factors of interest were age, sex,

smoking status, obesity, diabetes, CURB‐65, and PSI.

• Outcome: In‐hospital mortality, 30 days' mortality, adverse

outcome (ICU admission).

• Timing: NLR had to be measured at the time of admission.

• Setting: NLR measurement was studied in in‐hospital care settings

to provide prognostic information about patients diagnosed with

CAP; this information may be useful for healthcare professionals

treating and managing such patients.

Predefined inclusion and exclusion criteria were used to identify

suitable studies. Only studies that explored the role of NLR as a

prognostic factor for CAP were included. To be included, studies had

to investigate outcomes such as mortality or ICU admission or

degradation from low risk and medium risk (MR) to high risk (HR).

The following exclusion criteria were applied:

• review articles, research protocols,

• case series/case reports,

• symposium/conference proceedings, commentaries/editorials/let-

ters, views/opinions,

• full‐text unavailable,

• not in English.

Title and abstract screening were done using Covidence by

two reviewers. A third author resolved conflicts between two

reviewers. All the studies that qualified the predefined inclusion

criteria were screened for full‐text review and this process too

was done by two reviewers. Overall agreement between the two

reviewers was very good (70%–80%). A third author resolved the

conflicts between the two authors.
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2.3 | Data extraction

Data extraction was done in MS Excel version 2016. Data extraction was

done by two reviewers, followed by rechecking of the extracted data by a

third reviewer. Data extraction template was made on MS Excel and the

following data were extracted from each study: author of the study, year

of publication, study design, study setting, patient number (with gender

distribution), the mean age of study population, variables, measured

outcomes of patients, NLR cutoff, prevalence of the outcomes, prognostic

estimates (HR or OR) or sensitivity or specificity or area under the ROC

curve (AUC) (whichever was available), and main conclusions.

3 | RESULTS

3.1 | Study selection

In our search, 55 studies were obtained from PubMed, 93 studies from

EMBASE and 38 studies from a literature review from other sources like

references of related articles. After the removal of 38 duplicate articles,

148 articles were eligible for subsequent screening. Upon title and

abstract screening, 39 articles were eligible for full‐text screening,

amongst which 30 articles were excluded for various reasons. A total

of nine articles were included in the qualitative synthesis of this

systematic review. The PRISMA flow diagram (Figure 1) depicts the

study retrieval process used.

3.2 | Study and patient characteristics

A total of nine studies from six different countries (one with a study in

which country name is not mentioned) were included in the qualitative

synthesis. Two studies included patients in the emergency department,

five included admitted patients in the general ward, two studies included

patients in ICU, and one study included patients from both general ward

and ICU. The total number of patients analyzed in this systematic review

was 3340, and out of them, 1878 (56.22%) were male. The sample size of

the included studies ranged from 100 to 1549. Almost all of the studies

had a sample size of less than 500, except one,12 which included 1549

patients. The mean age of the patient in the studies included ranged from

F IGURE 1 PRISMA flow diagram showing the study retrieval process.
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61 to 90.4 years. All studies had adverse outcomes as an endpoint of the

study, the adverse outcome being ICU admission or deterioration from

MR and low risk to HR or in‐hospital mortality or 30 days' mortality. The

prevalence of endpoint ranged from 5.8% to 44.8% (Table 1).

3.3 | NLR as a predictor of adverse outcome

In this review, we evaluated if NLR could predict adverse outcome of

patients with CAP. In the nine included studies, the association

between NLR and adverse outcome was evaluated and the

association was significant in all of the included studies.12–20

However, this association was confirmed by multivariate analysis in

only one study.12 NLR was shown to have high mortality prediction

compared to CRP levels, WBC count, neutrophil count, lymphocyte

level, PSI level, PSI class, procalcitonin, and CURB‐65 in most of the

studies.13–17,19 However, a study done by Kaya et al.20 concluded

that NLR is not superior to the commonly used scoring system (PSI,

CURB‐65) in estimating mortality. NLR had a sensitivity of

56.4%–78.26% and specificity of 51.61%–66.8% in predicting

adverse outcome when its cutoff was taken to be 10.13,14,16,17

However, the sensitivity and specificity of NLR was 100% and 77.7%,

respectively, when a cutoff of 11.2 was taken.15 The sensitivity and

specificity were 91.49% and 83.78%, respectively when the cutoff

was 13.4.15 The rate of mortality increased on increasing NLR19,20

(Table 2).

The study done by Postma et al.12 analyzed 1549 CAP patients

admitted to non‐ICU wards and investigated the value of the NLR

alone or in conjunction with existing scoring systems to predict

30‐day mortality in CAP, and explored associations with 90‐day all‐

cause mortality, length of stay, microbial etiology, and occurrence of

complicated pneumonia. The studied population had a median length

of stay of 6 days and a 30‐day mortality of 5.9%. Bivariate analysis

showed that NLR was associated with mortality, odds ratio (OR): 1.19

(95% confidence interval [CI]: 1.02–1.38) per 10 units increase, but

when it was added to PSI or CURB‐65 score, NLR did not significantly

improve prediction models (p = 0.18 and p = 0.11 respectively) and

there was no significant difference in AUC for PSI (0.752 vs. 0.761,

p = 0.10) and CURB‐65 (0.698 vs. 0.709, p = 0.246). NLR was

associated with complicated pneumonia (adjusted OR: 1.24 (95%

CI: 1.03–1.49)) per 10 units increase, and with the occurrence of

pneumococcal (adjusted OR: 1.31 (95% CI: 1.17–1.47)) or bacterial

etiology (adjusted OR: 1.27 (95% CI: 1.15–1.41)), but there was no

statistically significant association with 90‐day mortality or length of

stay.12

The study by de Jager et al.13 also investigated the value of the

NLR by taking adverse events or mortality as the endpoint. NLR

levels (mean ± SD) were significantly higher in nonsurvivors

(23.3 ± 16.8) than in survivors (13.0 ± 11.4). The receiver‐operating

characteristic (ROC) curve for NLR predicting mortality showed an

area under the curve (AUC) of 0.701, and the AUC for the neutrophil

count, WBC count, lymphocyte count, and CRP level were 0.681,

0.672, 0.630, and 0.565, respectively. Taking NLR cut‐off point of

10 showed a sensitivity of 74% and a specificity of 53.33%. It was

concluded that NLR better‐predicted mortality compared to CRP

levels, WBC count, neutrophil count, and lymphocyte count.

The findings of the study by Avci et al.14 were not in congruence

with other articles included in this review. In their study, they studied

206 patients diagnosed with CAP and evaluated comorbidities,

arterial blood gas, serum electrolytes, liver–renal functions, complete

blood count, NLR, CRP, PSI, CURB‐65, and procalcitonin. NLR (AUC

0.58) had the lowest 30‐day mortality estimation in contrast to

procalcitonin (AUC: 0.65), PSI class (AUC: 0.81), and PSI score (AUC:

0.86), which indicated that PSI class, PSI score, and procalcitonin had

statistically significant higher 30‐day mortality prediction.

The accuracy and predictive value for 30‐day mortality of

traditional scores and NLR were compared by Cataudella et al.15 in

their study. In this study, no deaths occurred in participants with an

NLR of less than 11.12; the 30‐day mortality was 30% in those with

an NLR between 11.12% and 13.4%, while those with an NLR

between 13.4 and 28.3 had 30 days mortality of 50%. All

participants, in this study, with an NLR greater than 28.3 died within

30 days. It showed that NLR predicted 30‐day mortality and

prognosis was better predicted than PSI, CURB‐65, CRP, and white

blood cell count. The results of the study recommend early discharge

of individuals with an NLR of less than 11.12, short‐term in‐hospital

care for those with an NLR between 11.12 and 13.4, middle‐term

hospitalization for those with an NLR between 13.4 and 28.3, and

admission to a respiratory intensive care unit for those with an NLR

greater than 28.3.

Curbelo et al.16 investigated the association between concentra-

tions of several inflammatory markers and mortality of CAP patients.

The association of outcome variables (mortality at 30 and 90 days)

with CRP, procalcitonin, proadrenomedullin, copeptin, white blood

cell, lymphocyte count percentage (LCP), neutrophil count percent-

age (NCP), and NLR were studied. The study showed that patients

who died during follow‐up had higher levels of procalcitonin,

copeptin, proadrenomedullin, lower levels of LCP, and higher levels

of NCP and NLR. Thus, NLR and NCP at admittance and during early‐

stage evolution had good diagnostic power.

The study by Masbang et al.17 aimed to establish the predictive

value of WBC count and NLCR in classifying CAP and assess the

predictive value of WBC count and NLR. The sensitivity and

specificity of WBC and NLR were determined for the following: (1)

between CAP low risk (LR) versus CAP MR and CAP HR and (2)

between CAP LR and CAP MR versus CAP HR. The mean average of

NLR per risk was 5.4, 8.6, and 16.1 for LR, MR, and HR, respectively.

Higher NLR was associated with higher risk; thus, NLR could be used

to stratify patients to low risk, MR, and HR.

The findings of the study by Ozmen et al.,18 Yang et al.19 and

Kaya et al.20 had similar findings. A study by Ozmen et al.18 showed

that NLR could be used to predict pneumonia severity and a higher

NLR on admission to ICU had a higher risk of 180 days of mortality. In

the study by Yang et al.,19 the median NLR in patients who died was

higher compared to the median NLR in patients who did not die

(11.96; IQR: 7.26–30.68 vs. 4.19; IQR: 2.39–7.52). In the study by
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Kaya et al.,20 the mean NLR in CAP patients in ICU was lower in

patients who survived compared to patients who died (7.9 ± 6.8 vs.

13.5 ± 9); thus, NLR can be used in estimating mortality. However,

NLR was not found to be superior to other commonly used scoring

systems like PSI and CURB‐65.

4 | DISCUSSION

In this review, we evaluated the role of NLR in predicting adverse

outcomes in patients with CAP. There was strong evidence for its use

in predicting the adverse outcome in the included studies.12–20 Most

of the studies12–19 showed the superiority of NLR to existing scoring

systems like CURB‐65 and PSI and conventionally used biomarkers

like procalcitonin, and proadrenomedullin, CRP levels, and WBC

counts. However, NLR when used in conjunction with PSI or CURB‐

65 did not yield statistical significance to predict the adverse

outcome than when PSI or CURB‐65 was used alone.12 The highest

sensitivity of NLR in predicting adverse outcomes were observed

when the cutoff value of 11.2 was used, but the highest specificity

was noted with the cutoff value of 13.4.15 However, a clear definition

of cutoff value remains to be undetermined.

Total and differential leukocyte count is the most common blood

test done in cases of an infectious disease.21 Neutrophils and

lymphocytes are the main mediators of inflammation. The ratio of

two provides an insight into the disease severity and helps predict the

outcome of patients with CAP.22 The value of NLR, both as a

prognostic marker and a marker of response to treatment, in other

inflammatory conditions and different tumors is already proven.23–28

Its prognostic value is shown by Lugg et al.23 and Scilla et al.24 in non‐

small cell carcinoma, by Seo et al.25 in idiopathic sensory neural

hearing loss, by Pirozzolo et al.26 in esophageal carcinoma, by Liu

et al.27 in patients receiving chemotherapy for lung cancer, and by Ni

et al.28 in patients with sepsis. The clinical role of this easy‐to‐obtain

inflammatory biomarker is also shown in ischemic stroke,29,30

cerebral hemorrhage,31,32 and major cardiac events.33 Similarly, it is

a significant prognostic marker in predicting adverse outcomes in

patients with CAP as per the studies included in this review.12–20

However, a lot of confounding factors may play role in

determining mortality in patients with CAP like an etiological agent,

antimicrobial susceptibility, age of the patient, and comorbidities.34

Although NLR has good sensitivity and specificity in predicting

adverse outcomes, these confounding factors should be taken into

account. Thus, further studies are required to determine its

independent and combined role with PSI and CURB‐65 in predicting

adverse outcomes in patients with CAP. If supported by a large

number of evidence, NLR would have more advantage over more

conventionally used predictors like mid‐regional adrenomedullin,18,35

procalcitonin,36 and CRP levels.37 The use of NLR alone in clinical

practice to predict the adverse outcome in patients with CAP is not

justifiable given the data available in the existing literature and as

summarized in our review. It could be combined with other scoring

systems or other conventional biomarkers to improve its prognostic

power, but further studies are required to further support its use.

This review summarizes the findings of different studies in

predicting the adverse outcome of patients with CAP using NLR. This

may help in‐patient management by stratifying patients with high

NLR to intensive care unit and with low NLR to general in‐hospital

management. This is supported by the fact that patients with high

NLR are shown to have high mortality; thus, they may require early

critical care support. There are some limitations to this study, such as

quantitative synthesis of data could not be done (because of the

variability of reporting prognostic effect estimates). Other limitation

of the study includes the fact that NLR can be easily affected by

different conditions like comorbidities, which was taken into account

by only a few studies and included studies that had wide variation in

reporting the statistical prognostic effect estimates for adverse

outcomes.

5 | CONCLUSION

NLR is a simple, easily measured, yet promising marker for predicting

outcomes in patients with CAP. Its value, either alone or in

conjunction with other biomarkers and scoring systems, must be

further investigated.
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