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Association between neutrophil to lymphocyte ratio and mortality among
community acquired pneumonia patients: a meta-analysis
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Abstract

The neutrophil to lymphocyte ratio (NLR) is an emerging bio-
marker used in the prognosis of many conditions. We aimed to
conduct a meta-analysis to assess the prognostic accuracy of the
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NLR in determining mortality in patients with community
acquired pneumonia (CAP). The PubMed, EBSCO, and Scopus
databases were searched to find all relevant articles; 10 articles
with 5220 patients were included. The pooled area under the curve
(AUC) of NLR admission levels to predict 30-Day mortality of
CAP patients was 0.706; 95% CI (0.631 to 0.781), while the
pooled AUC of NLR levels taken at 3-5 days was 0.882; 95% CI
(0.818 to 0.945). Meta analysis also showed a significant differ-
ence in the NLR between the survivors and 30-day non-survivors.
This difference was greater when NLR levels were taken at 3-5
days; standardized mean difference (SMD) = 1.646; 95% CI
(0.451 to 2.840) compared to NLR levels at admission SMD =
1.139; 95% CI (0.514 to 1.764). These results show that the NLR
has potential to be incorporated in the routine assessment and
stratification of CAP patients, especially in the early-stage evolu-
tion (3-5 days), keeping in mind the availability and cost effective-
ness of this test.

Introduction

Community acquired pneumonia (CAP) is a frequent and seri-
ous cause of morbidity and mortality worldwide [1,2] and causes
significant economic burden on patients and healthcare systems
[3.,4]. Rapid assessment of the patient at the time of diagnosis is
essential to determine the prognosis of the patient and adjust the
management plan accordingly. Traditionally, two CAP severity pre-
dictors are used; CURBG65 (confusion, urea, respiratory rate, blood
pressure, and age 65 or older) [5] and the pneumonia severity index
(PSI) [6], and both have been validated on large, diverse popula-
tions [7,8]. Various biomarkers have also been studied, including
but not limited to C-reactive protein (CRP), procalcitonin, copeptin,
and proadrenomedullin [9-13]. These biomarkers have their own
various limitations, and researchers are moving towards simpler
tools such as the neutrophil-to-lymphocyte ratio (NLR).

The NLR has re-emerged as a predictor of severity of disease
due to its availability and cost. It is a valuable tool that reflects the
immune response. It has been studied in a variety of diseases, both
acute and chronic [14-17]. De Jager et al. [18] was the first to
study the prognostic accuracy of NLR in CAP patients, and
showed that NLR has better prognostic accuracy than traditional
inflammatory markers.

Even so, the use of NLR in determining the prognosis of CAP
patients remains inconclusive. While many researchers such as
Zhang et al. [19], Cataudella et al. [20] and others supported the
use of NLR, others were more critical of its use. Avci and Perincek
[21] reported that other biomarkers were more significant than
NLR, and Lee et al. [22] specified that the day four of admission
the NLR level is significant, not upon admission. Therefore, we
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conducted a meta-analysis to assess the prognostic accuracy of
NLR in determining patient mortality.

Materials and Methods

Search strategy and selection of studies

We followed the preferred reporting items for systematic
reviews and meta-analyses (PRISMA statement) guidelines to per-
form this meta-analysis [23]. It was prospectively registered on
PROSPERO database (registration number: CRD42021260577).
We systematically searched PubMed, Scopus and EBSCO databas-
es for publications up to July1, 2021. The search terms were as fol-
lows: (“Neutrophil-lymphocyte” OR “Neutrophil-to-lymphocyte”
OR “neutrophil lymphocyte” OR “neutrophil to lymphocyte” OR
“NLR”) and (“Community acquired pneumonia” OR “CAP”). The
detail of search strategies used in different databases is shown in
supplementary file. No language restrictions were imposed. To
find additional citations, the reference lists of the included studies
and recent review articles were screened when necessary.

The PICOS (population, intervention, comparator, outcome
and study design) approach was utilized to define study eligibility.
i) P: adult patients who died due to CAP; ii) I: assessment of
admission NLR levels capacity to predict mortality in CAP
patients; iii) C: adult patients who survived CAP; iv) O: the NLR
value; v) S: observational studies including cross-sectional studies,
cohort studies, case—control studies, or case series.

Two authors (OA and AK) independently screened all identi-
fied studies for inclusion in the final analysis. Any disagreement
was resolved through discussion. Studies were selected if they met
the following criteria: i) The study sample was community
acquired pneumonia patients; ii) the study evaluated one of the fol-
lowing: a) The predictive capacity of NLR for 30-day mortality in
CAP patients by reporting an AUC value, or b) The mean+-SD of
NLR values in the survivors and non-survivor group; iii) the NLR
values were taken at admission or at 3-5 days from admission. The
exclusion criteria were as follows: 1) case report, review, editorial,
conference abstract, comment, letter, animal study; ii) insufficient
data required for statistical analysis; iii) CAP patients who are
pregnant or immunodeficient.

Data extraction and quality assessment

Two authors (AK and OA) independently extracted relevant
information from individual studies, including first author, publi-
cation year, country, publication language, number of patients
(male/female), mean age, area under curve (AUC) of NLR to pre-
dict mortality with related 95% confidence intervals and cut-off
value, mean £SD NLR values and whether NLR level was taken at
admission or at 3-5 days. The extracted information was double
checked. The Newcastle-Ottowa Scale (NOS) was used to assess
the quality of each paper according to three sections: selection,
comparability, and exposure [24]. Papers can be graded as poor,
fair, or good. AK and OA independently graded the quality of each
paper, and any disagreement was resolved through discussion.

Statistical analysis

The meta-analysis of enrolled studies was performed using
MedCalc® Statistical Software version 20 (MedCalc Software Ltd,
Ostend, Belgium; https://www.medcalc.org; 2021). For patient data
analysis, a random effects model was used and presented as a forest
plot because the included articles had different characteristics. After
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data extraction has finished, studies were grouped according to out-
come reported (AUC, mean NLR) then sub-grouped according to
duration of mortality assessment (30-day mortality, in-hospital mor-
tality, efc.) and time of NLR level taken (at admission, at 3-5
days).The standard error value of AUC was either obtained directly
from the study or calculated from the 95% confidence interval, how-
ever if the study did not report the direct SE value or 95% CI it was
excluded from the AUC analysis. A summary AUC value regarding
NLR ability to predict 30-day mortality in CAP patients was calcu-
lated under a random-effects model. Pooled and individual measures
and their 95% confidence intervals (95% CI) were illustrated in for-
est plots. The difference in the NLR between the non-survivors and
survivors groups was assessed using the standardized mean differ-
ence (SMD). Publication bias was assessed by using a funnel plot
and tested by using Egger’s regression intercept test. Heterogeneity
was quantified using the 12 statistic, where 12 >50% indicated sig-
nificant heterogeneity between studies. Detailed output of the analy-
sis is found in Supplementary File 2.

Results

Literature search and study characteristics

As a result of the literature search, a total of 724 studies were
identified, including 128 from PubMed, 326 from Scopus and 270
from EBSCO. Figure 1 shows the study selection process through
the PRISMA Flow diagram. In total, 258 duplicate publications
were excluded. According to the inclusion and exclusion criteria,
we excluded 363 studies by evaluating the titles and abstracts. The
remaining 27 studies were further scrutinized by reading the full
text. Finally, only 10 studies were included in this meta-analysis
[18-21,25-30]; 6 reported the predictive AUC value on 30-day
mortality [19,21,25-28] (of which 4 studies reported admission
NLR levels, one study reported NLR at 3-5 days and 1 study
reported both), 4 reported the mean NLR Values of survivors and
30-day non-survivor groups [19,20,25,26] (of which two reported
admission NLR levels and two have reported both admission and
3-5 days NLR), and 3 reported the mean NLR values of survivors
and in-hospital non-survivors groups [18,29,30] (all of which only
reported admission NLR levels). The characteristics of the includ-
ed studies are shown in Table 1. Ten studies with 5220 patients
were included; 5 studies were prospective and 5 were retrospec-
tive; 2 studies were carried out in Turkey, 4 in China, and the rest
in Europe. The mean age of patients ranged between 57.1 and 80.3.
All papers were considered to have good quality, and their NOS
grades ranged from 6-8. The cutoff value of NLR predicting mor-
tality used in three studies was 10 as put forward by Jager et al.
[18]. Three other studies did not specify NLR cutoff value used.

NLR and 30-day mortality

Six studies have evaluated the predictive value of NLR and 30-
day mortality of CAP patients [19,21,25-28]. The pooled area
under the curve (AUC) of NLR admission levels from five studies
[19,21,25,26,28] was 0.706; 95% CI (0.631 to 0.781), while the
pooled AUC of NLR levels taken at 3-5 days from two studies
[26,27] was 0.882 95% CI (0.818 to 0.945). Figure 2 shows the for-
est plot of the AUC meta-analysis. Four studies have evaluated the
mean +SD NLR admission levels in the survivors and 30-day non-
survivors [19,20,25,26]. Meta analysis of these studies showed a
significant difference in the NLR between the survivors and 30-
day non-survivors (SMD = 1.139, 95% confidence interval (CI) =
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0.514 to 1.764, p<0.001). Two studies have evaluated the mean
+SD NLR levels taken at 3-5 days in the survivors and 30-day non-
survivors [25,26]. Meta analysis of these studies showed a signifi-
cant difference in the NLR between the survivors and 30-day non-
survivors (SMD = 1.646, 95% confidence interval (CI) = 0.451 to
2.840, p=0.007) (Figure 3).

NLR and in-hospital mortality

Three studies have evaluated the mean +-SD NLR admission
values in the survivors and In-Hospital non-survivors [18,29,30].
Meta-analysis of these studies showed a significant difference in
the NLR between the survivors and in-hospital non-survivors
(SMD = 1.053, 95% confidence interval (CI) = 0.813 to 1.294,
p<0.001) (Figure 3). Only one study was found to evaluate the pre-
dictive capacity of NLR and in-hospital mortality of CAP patients,
accompanied with enough information to enable calculation of the

standard error [29]. This has restricted us from reaching a pooled
AUC value. No studies have evaluated the NLR levels taken at 3-
5 days and in-hospital mortality.

Assessment of publication bias and heterogeneity

The funnel plot of the analysis of admission NLR predictive
value and 30-day mortality (pooled AUC) did not reveal publica-
tion bias (p=0.2376, Egger’s test; Figure 4), while the heterogene-
ity was substantial (I2 = 70.02%). The funnel plot of the analysis
of differences between the mean admission NLR of the survivors
and 30-day non-survivors did not reveal publication bias
(p=0.5230, Egger’s test; Figure 4), while the heterogeneity was
considerable (12 = 89.13%). The funnel plot of the analysis of dif-
ferences between the mean admission NLR of the survivors and in-
hospital non-survivors did not reveal publication bias (p=0.7409,
Egger’s test; Figure 4), while the heterogeneity was substantial (12

Articles assessed
For eligibility (n=27)

v

Eligibitity

Articles Identified by Articles removed before screening:
searching following Duplicate records removed (n =258)
databasesl- Articles removed for other reasons: (n=76)
> Review(53)
i Letter(12)
3 Pubmed: 128 Conference paper, short survey, book
= Scopus: 326
EBSCO: 270 el
l Articles excluded(n=363)
-Different Topic(316)
Aricles Screened (ﬂ=390) | | -AbsentrelevantLaboratory data (34)
- Patientsampleis a special group (Pregnantwomen,
immunodeficent, post-kidney transplant etc)(13)
i i
Aricles excluded

-No Dataregarding Mean+-SDNLR values of the survivors and
nonsurvivors group of CAP patient OR AUC assessingthe
predictive capadty of NLR for mortality. (12)

- Insufficient information to calcul ate the standarderror for studies
reporting the AUCvalue(3)

- Suitable data found, but not enough studies to elicit a statistical
analysis (example: a study reporting the 60-Day mortality) (1)
-Correction aricle(1)

Studies included in
review (n=10)

| R

| Included ]

Studies included in 30-Day
Mortality analysis (n=7)

Studies included in the In-
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! |

30-Day Mortality AUC
analysis (n=6)
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30-Day Mortality
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AUC, Area under the curve; NLR, neutrophil to lymphocyte ratio.

Figure 1. The PRISMA flowchart of literature search and study selection.
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Table 1. Characteristics of the included studies.

7
8
7
8
7
6
6
6

In hospital mortality
In hospital mortality
In hospital mortality

23.36+16.80
13.54+16.71

13.06x11.4
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100
30.8

33

8.4
NA

395 63.46+16.00 61

2028
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195 45.1

400
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De Jager et al. (2012) [18]
Feng et al (2021) [29]

6.01x7.03
5.81+6.10
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76.93£7.53  62.50%

67.15+13.54
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China

14.25£11.25
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China
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Cheng et al. (2020) [30]

30 day mortality
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Cataudella et al. (2017) [20]
Zhang et al. (2019) [19]

30 day mortality

13.75 admission  0.89

NA
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NA

SLT5
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57.10+27.90
68.34+16.52
70.00+12.00
81.23+8.59
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2018-2019
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30 day mortality

N/A
N/A
10.52£5.62
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NA
7.46+4.56
5.42+3.56
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15

Prospective
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admission

7

30 day mortality

0.76
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0.883

16.23
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75.72£16.08  57.8
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Spain Prospective  2013-2015

2017

Curbelo et al. (2017) [26]

4.6+44
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7
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A
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21.2 day 3-5

209 7470£16.20 555 26.6
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NLR, neutrophil to lymphocyte ratio; AUC, Area under the curve.

Curbelo et al. (2019) [27]
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= 66.43%). Publication bias and heterogeneity assessment was not
done for analysis of NLR levels taken at 3-5 as each analysis only
consisted of two studies.

Meta-regression analysis

We conducted a meta-regression analysis to further assess the
effect of confounding factors on SMD between survivors and non-
survivors. The outcome variable was the SMD of the admission
NLR, and the covariates were differences in age (years) and the dif-
ferences in proportion of male patients (%) between the non-sur-
vivors and survivors of among the 30-day mortality studies. Both the
difference in age and differences in proportion of male patients did
not have a statistically significant effect, however the differences in
proportion of males had a clear positive correlation with SMD of
NLR values (r=0.76 p=0.448; r=0.97 p=0.168 respectively)
(Supplementary File).

Sensitivity analysis

Stability of the results was evaluated through sensitivity analy-
sis. The corresponding pooled NLR admission SMD values were not
substantially altered when single studies were sequentially removed,

(2)
Admission NLR to predict 30-Day Mortality
Zhang H. et al (2019) L —
Curbelo J. et al (2017) -

LI Yi-fan, et al (2021)

|

Ozmen et al. (2016) -

Avci and Perinecek (2020)

'&

Total (random effects) =

B sy =

1 1 1 1 1 1
04 0.5 086 0.7 08 0.9
Area under ROC curve

®

3-5 Day NLR To predict 30-Day Mortality

Curbelo et al. (2019) —_—

Curbelo J. et al (2017)

+

Total (random effects)

-

1 1 1
0.7 08 0.9 1.0
Area under ROC curve

NLR, neutrophil to lymphocyte ratio.

Figure 2. Forest plot of the AUC meta-analysis. a) NLR at admis-
sion to predict 30-day mortality. b) NLR at 3-5 days to predict

30-day mortality.
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with an effect size ranging between (0.867 and 1.314) regarding 30-
day mortality studies and ranging between (0.936 and 1.112) regard-
ing in-hospital mortality studies, suggesting that the results of the
meta-analysis were stable (Supplementary File). Also, the corre-
sponding pooled AUC was not substantially altered when single
studies were sequentially removed, with an effect size ranging
between (0.672 and 0.743) suggesting that the results of the AUC
meta-analysis were stable. (Supplementary File). Meta-regression
and sensitivity analysis was not feasible for analysis of NLR levels
taken at 3-5 days.

Discussion

Implications

The use of the NLR in predicting mortality in patients with CAP
has been widely studied, yet the results are inconclusive. To the best

(@)
Cataudella E. et al (2017) | ——
Curbelo J. et al (2017) B T e
LI Yifan. et al (2021) - —i—
Zhang H. et al (2019) - ——
Total (random effects) - T
i I i i | 1
00 05 10 15 20 25

Standardized
Mean Difference

Cheng et al. (2020)

De Jager et al. (2012)

Feng et al. (2021)

Total (random effects)

1

of our knowledge, this is the first meta-analysis to determine the role
of the NLR in the assessment of mortality in CAP patients.

In this study the NLR of 30-day non-survivors and in-hospital
non-survivors was significantly higher than the NLR of survivors
among CAP patients. The pooled area under the curve (AUC) rep-
resenting the ability of admission NLR to predict 30-Day mortality
was 0.706. This value is considered to be significant with an
acceptable discriminative ability [31]. However, the pooled area
under the curve (AUC) representing the ability of NLR levels
taken at 3-5 days to predict 30-day mortality was 0.882. This value
is considered to be significant with an excellent discriminative
ability [31].

Curbelo et al. [26], Li et al. [25], and Lee et al. [22] all have
illustrated how NLR values taken at early-stage evolution
(between 3-5 days) were more accurate than NLR admission levels
in predicting 30-day mortality and the difference of mean NLR
levels between the survivors and non-survivors group was more
significant when NLR levels were taken after 3-5 days from

(b)
Curbelo J. et al (2017) |- A S
Ll Yi-fan. et al (2021) | —H—
Total (random effects) |- ......
0.0 1.0 2.0 3.0
Standardized

Mean Difference

(e)

| 1 1 | L 1

04 06 08 1.0 12

14 186

Standardized
Mean Difference

Figure 3. a) Forest plot of the pooled SMD between NLR in the survivors and 30-day non-survivors when NLR levels taken at admis-
sion. b) Forest plot of the pooled SMD between NLR in the survivors and 30-day non-survivors when NLR levels taken at 3-5 days. ¢)
Forest plot of the pooled SMD between NLR in the survivors and in-hospital nonsurvivors when NLR taken at admission.
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admission, however both were significant. This correlates with our
findings as the pooled AUC and SMD values, when NLR levels
were taken between 3-5 days, were higher than the pooled AUC
and SMD when admission NLR were used; however, both were
significant. This observation can be explained by looking at the
data, NLR levels of survivors tend to decrease after 3-5 days, while
NLR levels of non-survivors tend to either persist at the same ele-
vated state or further increase. This could reflect a state of uncon-
trolled immunological response and an ongoing systemic inflam-
matory process [26]. Keeping in mind the availability and cost
effectiveness of NLR, our pooled findings suggest the serious
incorporation of NLR into the routine assessment of CAP patients,
especially in the process of risk stratification.

Incorporation of NLR could be through making it a part of the
initial stratification process of CAP patients; this was suggested by
many studies including Lee ef al. [22] and Zhang et al. [19] who
combined NLR incremental change and NLR levels respectively
with pneumonia severity index to obtain a more accurate predic-
tion of 30-day mortality. Another approach suggested by Curbelo
et al. [27] is the usage of NLR in the post-acute phase after the start
of antibiotic management. CURB-65 and PSI are the conventional
scoring methods for pneumonia severity screening. However, they
are not without their limitations. CURB-65, while easy to use, is
neither sensitive nor specific in predicting mortality and PSI, while

(a)
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Standard Error

0.05+

0.06 -

0.07 1 i I L i
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Area under ROC curve

(©

00+

01+

Standard Error

02 -7/

03h i
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more accurate, is made of 20 variables and is not always clinically
applicable [19,32].

Limitations

There were several limitations in this study. Firstly, the small
number of studies included. This did not allow for assessing more
covariates in the meta regression and did not allow for deeper sen-
sitivity analysis. However, regardless of this limitation, we believe
that the main objective of assessing the role of NLR in prediction
of mortality among CAP patients was fulfilled. The small number
of studies is mainly due to limited number of studies within our
objective. Secondly, many studies which have been assessed for
eligibility by full text reading, did not report enough data to be
accurately included in the analysis. For example, the study by Lee
et al. [22] reported the NLR levels taken at 3-5 days as median
(IQR), and after checking the skewness it was inappropriate to
include this study. This study has illustrated how NLR admission
levels tend to decrease in the survivors group and tend to persist in
the non-survivors group, and would have supported our pooled
findings if it was included. Likewise, some studies did not report
enough data to calculate the standard error for the AUC value [22].

(®)
0.0 -
. 01f
g
w
b=
§ 02
2
c
8
? o3t
0-4"1 1 | ! 1 1 [ |
06 08 10 12 14 16 18 20

Standardized
Mean Difference

Il
06 08 1.0

12 14 1.6
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Mean Difference

Figure 4. Funnel plots for publication bias assessment. a) Funnel plot of the analysis of admission NLR predictive value and 30-day mor-
tality (pooled AUC). b) Funnel plot of the analysis of differences between the mean admission NLR of the survivors and 30-day non-sur-
vivors. ¢) Funnel plot of the analysis of differences between the mean admission NLR of the survivors and in-hospital non-survivors.
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Thirdly, among included studies, some have only included elderly
patients. However, the effect of age upon our analysis was not sig-
nificant when meta-regression was done.

Conclusions

NLR is considered a significant predictor of 30-day mortality,

especially in the early-stage evolution. Also, NLR is a significant
predictor of in-hospital mortality. NLR has a potential to be incorpo-
rated in the routine assessment of CAP patients, keeping in mind the
availability and cost effectiveness of this test.
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