
original article

Wien Klin Wochenschr (2021) 133:882–891
https://doi.org/10.1007/s00508-021-01917-9

The neutrophil to lymphocyte ratio is an independent
predictor for severe COVID-19

Evidence from amulticenter case-control study andmeta-analyses

Jiangli Cheng · Aijia Ma · Jing Yang · Meiling Dong · Xuelian Liao · Yan Kang

Received: 22 July 2020 / Accepted: 30 June 2021 / Published online: 3 August 2021
© The Author(s) 2021

Summary
Purpose The aim of this study was to determine
whether the neutrophil to lymphocyte ratio (NLR)
can predict severe Coronavirus disease 2019 (COVID-
19).
Patients and methods A multicenter case-control
study was conducted to investigate whether the NLR
can help predict the severity of COVID-19. Patients
confirmed to have COVID-19 between 16 January
2020 and 15 March 2020 were enrolled. Further-
more, meta-analyses were conducted based on both
previous studies and our case-control study.
Results In the case-control study, 213 patients (se-
vere: 81) were included. The results suggested that the
NLR was an independent risk factor (odds ratio [OR],
1.155, 95% confidence interval [95% CI]: 1.043–1.279,
P= 0.006) and a great predictor (the area under the
ROC curve was 0.728, 95% CI: 0.656–0.800) for se-
vere COVID-19. In total, 18 datasets from 16 studies
combined with our case-control study (severe: 1211;
non-severe: 5838) were included in the meta-analy-
ses and the results showed that the NLR of the severe
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COVID-19 group was significantly higher than that of
the non-severe group (SMD=1.10, 95% CI: 0.90–1.31,
P< 0.001). Based on the 2× 2 data from 6 studies,
the SROC of NLR for predicting severe COVID-19 was
0.802, with a sensitivity of 0.67 (95% CI: 0.61–0.72) and
a specificity of 0.75 (95% CI: 0.73–0.78).
Conclusion Based on amulticenter case-control study
and a meta-analysis, we found that the initial NLR was
a great predictor of severe COVID-19.

Keywords Coronavirus disease 2019 · Neutrophil ·
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Introduction

The current pandemic of coronavirus disease 2019
(COVID-19) has spread rapidly all over the world [1].
To date, more than 11.8 million people worldwide
have been diagnosed with COVID-19: among them
20–30% have developed into severe COVID-19 [2].
According to previous studies, the mortality rate of
severe COVID-19 patients is approximately 20 times
higher than that of non-severe COVID-19 patients, up
to 61.5% [3, 4]. A sudden transition to severe COVID-
19 is common for patients with mild symptoms [5].
Clinical deterioration will lead to the consumption
of medical resources, intensive care beds, ventilators,

882 The neutrophil to lymphocyte ratio is an independent predictor for severe COVID-19 K

https://doi.org/10.1007/s00508-021-01917-9
http://crossmark.crossref.org/dialog/?doi=10.1007/s00508-021-01917-9&domain=pdf
https://doi.org/10.1007/s00508-021-01917-9


original article

and adverse outcomes of the patients. Hence, it is
very important to identify an efficient predictor for
the early identification and targeting of potentially
severe patients to improve the clinical outcomes of
patients with COVID-19.

COVID-19 is characterized by uncontrolled inflam-
matory storms [6]. The neutrophil to lymphocyte ratio
(NLR), a routinely measured inflammatory biomarker,
reflects the immune status of the human defence sys-
tem against infection. A higher NLR, which results
in an increased neutrophil or/and decreased lympho-
cyte count, might indicate that the patient had se-
vere inflammatory progression [7]. Some studies have
reported that the NLR could be useful for the diag-
nosis of sepsis and might be a good predictor for
a poor prognosis of acute respiratory distress syn-
drome, which has the same disease characteristics as
COVID-19, to some extent [8–10]. Previous studies of
COVID-19 have noted the predictive power of the NLR
for clinical deterioration andmortality among COVID-
19 patients [11–13]; however, whether NLR can predict
severe COVID-19 is still controversial. Thus, a multi-
center case-control study and meta-analysis was con-
ducted to estimate the potential predictive value of
the NLR for severe COVID-19.

Material and methods

Case-control study

Study design and participants
In total, 213 patients (3 patients were excluded due
to missing NLR data at admission) with confirmed
COVID-19 from 21 hospitals in Sichuan Province be-
tween 16 January 2020 and 15 March 2020 were in-
cluded in the analysis: among them, 81 patients were
defined as having severe COVID-19. The definitions
of COVID-19 and severe COVID-19 were described in
a previously published article [14]. The protocol was
approved by the Ethics Committee of the West China
Hospital of Sichuan University and the participating
hospitals, and informed consent was obtained. The
study was registered and the registration number was
ChiCTR2000029758.

Data collection
We conducted the study based on the electronic data
capture and analysis system for each included pa-
tient. Demographic characteristics, comorbidities,
symptoms, signs and laboratory findings at admis-
sion were collected. The NLR is the ratio of neu-
trophil count to lymphocyte count, and platelet to
lymphocyte ratio (PLR) is the ratio of platelet count
to lymphocyte count.

Statistical analysis
Categorical variables are expressed as numbers and
percentages, continuous normally distributed vari-
ables are expressed as the mean and standard devia-

tion, and continuous skewness-distributed variables
are expressed as the median and interquartile range.
The χ2-test, t-test and Mann–Whitney U test were
used to compare the differences between severe and
non-severe COVID-19 groups. A 2-tailed P value lower
than 0.05 was considered to be statistically significant.
Variables found to be statistically significant in uni-
variate analysis were included in the multivariate
logistic regression analysis to identify the indepen-
dent risk factors for severe COVID-19. The odds ratio
(OR) and its 95% confidence interval (CI) were used
as binary parameters. The Cochran-Armitage test
for trend and the area under the receiver operating
characteristic (ROC) curve were used to analyze the
linear relationship of NLR level with the rate of severe
COVID-19 and the ability of NLR to predict severe
COVID-19, respectively.

Meta-analyses

This meta-analysis conformed to the preferred re-
porting items for system review and meta-analysis
(PRISMA) statement ([15]; Additional file 1).

Data search
PubMed, EMBASE, Web of Science, MedRxiv and
BioRxiv, the WanFang database and the China Na-
tional Knowledge Infrastructure (CNKI) were searched
through inception to May 2020. The search terms
of ‘neutrophil-to-lymphocyte ratio’ OR ‘NLR’ and
‘COVID-19’ were used to identify studies that re-
ported the relationship between NRL and the severity
of COVID-19. The reference lists of the included stud-
ies were examined to identify any other potentially
qualified studies.

Study selection
Two reviewers reviewed the titles and abstracts inde-
pendently to determine whether they needed full-text
review according to the following inclusion and ex-
clusion criteria. After that the full-text review of the
studies was completed to identify the articles included
by the same two reviewers. When the opinions were
inconsistent, the question was discussed and deter-
mined by a third reviewer.

Inclusion and exclusion criteria Studies meeting
the following criteria were included:

1. Patients diagnosed with COVID-19 and could be di-
vided into severe and non-severe COVID-19 groups.

2. The data of NLR were available and be compared
between the severe andnon-severeCOVID-19 groups.

Studies with the following criteria were excluded:

1. Articles not written in English or Chinese
2. Insufficient data for analysis.
3. Repeated published data.
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Table 1 Characteristics of the study population
Variables Total

(n= 213)
Mild COVID-19
(n= 132)

Severe COVID-19
(n= 81)

P

Characteristics

Age, years 47 (33, 59) 43 (31, 54) 50 (39, 65) 0.000

Gender/case (%) 0.102

Male 119 (55.9%) 68 (51.5%) 51 (63%) –

Female 94 (44.1%) 64 (48.5%) 30 (37%) –

BMI/(kg/m2) 23.0 (21.1, 25.9) 22.6 (20.8, 24.5) 24.0 (21.5, 27.3) 0.013

Chronic medical illness/case (%)

Diabetes 25 (11.7%) 7 (5.3%) 18 (22.2%) 0.000

Hypertension 22 (10.3%) 7 (5.3%) 15 (18.5%) 0.002

Chronic pulmonary disease 15 (7.0%) 4 (3%) 11 (13.6%) 0.003

Signs and symptoms

Fever (>37.3°C) 150 (70.4%) 81 (61.4%) 69 (85.2%) 0.000

Dry cough/case (%) 100 (46.9%) 60 (45.5%) 40 (49.4%) 0.577

Sputum production/case (%) 73 (34.3%) 35 (26.5%) 38 (46.9%) 0.002

Fatigue/case (%) 59 (27.7%) 29 (22%) 30 (37%) 0.017

Dyspnea/case (%) 37 (17.4%) 12 (9.1%) 25 (30.9%) 0.000

Mean arterial pressure/mmHg 94.67 (87.17, 101.67) 93 (85.5, 99.9) 96 (89.7, 106.2) 0.012

Heart rate/(beats/min) 90 (80, 98) 88 (80, 96) 90 (86, 101.5) 0.031

Respiratory rate/(breaths/min) 20 (20, 21) 20 (20, 21) 21 (20, 23) 0.000

Pulse oxygen saturation/% 97 (95, 98) 98 (96, 98) 95.5 (91.75, 97) 0.000

Blood laboratory findings

White blood cell count/10^9/L 5.41 (4.08, 7.08) 5.30 (4.14, 6.92) 5.73 (4.05, 7.61) 0.153

Neutrophil count/10^9/L 3.65 (2.63, 5.24) 3.38 (2.56, 4.72) 4.37 (2.91, 6.40) 0.001

Lymphocyte count/10^9/L 0.99 (0.67, 1.51) 1.25 (0.83, 1.68) 0.73 (0.51, 1.05) 0.000

NLR 3.28 (2.22, 5.80) 2.88 (2.07, 4.16) 5.41 (2.90, 9.87) 0.000

Platelet count/10^9/L 168 (132.5, 216.5) 180.5 (140.25, 224.25) 151 (126.5, 205) 0.064

PLR 169.86 (112.04, 258.20) 139.91 (107.09, 218.77) 206.3 (141.1, 338.68) 0.000

Hemoglobin/(g/L) 138 (125, 150) 138 (126, 150) 137 (123, 150) 0.319

Total bilirubin/(µmol/L) 8.85 (5.9, 14.5) 8.4 (5.6, 14) 9.2 (6.35, 15.2) 0.228

AST/(IU/L) 29 (23, 38.5) 28 (22, 35) 32 (25, 44.68) 0.006

ALT/(IU/L) 26 (16, 41) 22 (16, 39) 30 (17.5, 45.25) 0.060

Creatinine/(µmol/L) 67.8 (53.85, 78.68) 66 (52.48, 76) 69.75 (54.63, 80) 0.064

Lactic acid/(mmol/L) 1.6 (1.2, 2.1) 1.6 (1.2, 1.9) 1.62 (1.2, 2.3) 0.383

Data are presented as interquartile range or number (percentage)
COVID-19 Coronavirus disease 2019, BMI body mass index, NLR neutrophil-to-lymphocyte ratio, PLR platelet-to-lymphocyte ratio, AST aspartate aminotrans-
ferase, ALT alanine aminotransferase

4. Reviews, systematic reviews, meta-analyses, guide-
lines, study protocols, case reports, letters, corre-
spondences, comments or editorials.

Data extraction
Data were extracted using the predesigned data col-
lection table. Two reviewers extracted data from all
included studies independently. The collected data
included author, year, study design, study location,
study samples, NLR values, age and sex. When the
opinions were inconsistent, the question was dis-
cussed and determined by a third reviewer.

Assessment of study quality
Studies were evaluated by the Newcastle–Ottawa as-
sessment tool, for which the maximum score was

9 points and a score of 7 or greater was considered
to be a low risk of bias [16]. Two reviewers assessed
the risk of bias of all of the included studies indepen-
dently; when opinions were inconsistent, the question
was discussed and determined by a third reviewer.

Data synthesis and analysis
The software Stata version 16.0 (STATA Corporation,
College Station, TX, USA) and Meta-Disc, version 1.4
(Unit of Clinical Biostatistics team of the Ramón y
Cajal Hospital, Madrid, Spain) were used to conduct
the statistical analysis. The median and interquar-
tile range were transformed into mean and standard
deviation based on a previously proven formula; [17,
18]. Standardized mean differences (SMDs) and cor-
responding 95% confidence intervals (CIs) were used
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Fig. 1 The occurrence
rate of severe COVID-19
of each quartile of NLR

Fig. 2 The ROC curve in predicting severe COVID-19 of NLR

to evaluate the differences in NLR between the severe
COVID-19 and non-severe COVID-19 groups. Het-
erogeneity among the studies was evaluated using
Cochran’s Q test and the I2 statistic. An I2 index of
50% or greater and a p-value less than 0.1 were taken
to indicate significant statistical heterogeneity. When
statistical heterogeneity existed, a random effects
model was used. Publication bias was assessed by
Egger’s and Begg’s tests [19]. Subgroup analyses were
performed according to the mean age (>50 years or
≤50 years) and study location (the study included
patients in Hubei or not).To further analyze the pre-
dictive power of the NLR in severe COVID-19, 2× 2
data points were obtained from the studies. The
area under summary receiver operating characteristic
(SROC), Q index, sensitivity and specificity with 95%
CI were calculated.

Results

Case-control study

A total of 213 patients were enrolled in the final anal-
ysis, with 81 severe COVID-19 patients. Among the
included patients, 94 (44.1%) patients were female;
the median age was 47 years (33, 59 years); fever was
the most common symptom before admission, and
diabetes was the most common comorbidity. Age,
body mass index, mean arterial pressure, heart rate,
respiratory rate, neutrophil count, NLR, PLR, aspar-
tate aminotransferase and alanine aminotransferase
were higher in the severe COVID-19 group than in the
non-severe group, and pulse oxygen saturation and
lymphocyte count were lower in the severe COVID-19
group. Severe COVID-19 patients were more likely to
have fever, sputum production, fatigue, dyspnea, di-
abetes, hypertension and chronic pulmonary disease
(see Table 1).

For all patients, the median NLR was 3.28 (2.22,
5.80), with 2.88 (2.07, 4.16) in the non-severe group
and 5.41 (2.90, 9.87) in the severe COVID-19 group.
Variables found to be statistically significant (P <0.05)
in univariate analysis were included in the multivari-
ate logistic regression analysis to identify the inde-
pendent risk factors for severe COVID-19. After ad-
justment for confounders, the NLR was found to be
an independent risk factor for severe COVID-19 (OR,
1.155, 95% CI, 1.043–1.279, P=0.006).

The patients were divided into 4 groups accord-
ing to the interquartile NLR, they were less than 2.22,
2.22–3.28, 3.28–5.80 and greater than 5.80. The occur-
rence rates of severe COVID-19 in each quartile group
were calculated, and were 22.6%, 24.1%, 39.6% and
66% in the first quartile, second quartile, third quar-
tile and fourth quartile, respectively. Based on the
statistical analysis result of the Cochran-Armitage test
for trend, there was a linear relationship between the
NLR level and the occurrence rate of severe COVID-
19, which visibly increased with the increase in NLR
(P <0.001). The result is described in Fig. 1.
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Fig. 3 The flow of cita-
tions reviewed and studies
included

An ROC curve analysis was performed to analyze
the ability of the NLR to predict severe COVID-19.
The area under the ROC curve was 0.728 (95% CI,
0.656–0.800). The optimal cut-off value was 4.184 with
a sensitivity of 0.654 and a specificity of 0.765. The re-
sult is described in Fig. 2.

Multivariable analysis found that age (P <0.001),
body mass index (P=0.038), fever (P=0.012), sputum
production (P=0.019), respiratory rate (P=0.004),
pulse oxygen saturation (P=0.001) and NLR (P=0.006)
contributed independently to severe COVID-19. The
result is described in Additional file 2.

Meta-analyses

Literature search and study selection
Fig. 3 shows the work flow of the citations reviewed
and the studies included. Our search strategy yielded
327 citations after de-duplication, and 35 potential
citations were full-text reviewed. Finally, 16 cita-
tions were included. The study from Yabing Guo and
Wenhua Liang reported 2 sets of data. Therefore,
19 datasets were included in the quantitative synthe-
sis (18 datasets from 16 studies combined with our
case-control study) [6, 20–34].

Study characteristics
A total of 7049 (6836 patients in the previous study
and 213 patients in our study) patients were included,
among whom 1211 (1130 patients in the previous
study and 81 patients in our study) patients had se-
vere COVID-19. The sample size of the individual
studies ranged from 63 subjects to 1590 subjects.
Only one study was from Britain, and all other studies
were from China, with 8 studies included patients in
Hubei. One of these studies was prospectively con-
ducted, and all of the others were retrospectively. All
studies reported patient ages, and the mean age of
the patients in 5 studies was greater than 50 years old
(see Table 2).

Risk of bias of the included studies
The Newcastle–Ottawa assessment tool was used to
evaluate the quality of the included studies. All studies
were considered to have a low risk of bias (Additional
file 3). Among the included studies, no significant
publication bias was found (Egger’s test: P=0.924;
Begg’s test: P=0.889; Additional file 4).

Association of NLR with the severity of COVID-19
A total of 7049 patients from 19 datasets were an-
alyzed. The pooled results showed that NLR were
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Table 2 Main characteristics of the included studies in the meta-analysis
Author Study design Study location Samples NLR value Mean

age (years)
Sex
(female %)

Qin et al. 2020 Retrospective Hubei, China Non-severe: 166
Severe: 286

Non-severe: 3.2 (1.8, 4.9) severe: 5.5
(3.3, 10.0)

57.3 48.0%

Gong et al.
2020

Retrospective Guangdong and
Hubei, China

Non-severe: 161
Severe: 28

Non-severe: 1.9 (1.4, 2.9) Severe: 3.7
(2.0, 6.7)

49.2 53.4%

Liu et al. 2020 Prospective Beijing, China Non-severe: 44
Severe: 17

Non-severe: 2.2 (1.4, 3.1)
Severe: 3.6 (2.5, 5.4)

42.5 49.2%

Yang et al. 2020 Retrospective Zhejiang, China Non-severe: 69
Severe: 24

Non-severe: 4.8± 3.5
Severe: 20.7± 24.1

46.4 39.8%

Zhang et al.
2020

Retrospective Hubei, China Mild: 84
Severe: 31

Mild: 2.28± 1.29
Severe: 7.58± 7.04

49.5 57.4%

Guo et al. 2020 Retrospective Guangdong, China Non-severe: 753
Severe: 65

Non-severe: 1.95 (1.36, 2.95) Severe:
3.34 (2.22–6.22)

43.4 51.6%

Guo et al. 2020 Retrospective Hubei, China Non-severe: 282
Severe: 38

Non-severe: 2.5 (1.68, 4.12) Severe:
4.48 (2.06, 8.49)

55.6 50%

Feng et al. 2020 Retrospective Hunan, China Non-severe: 126
Severe: 15

Non-severe: 3.4 (1.9, 3.9)
Severe: 5.2 (3.1, 6.9)

44.4 48.9%

Chen et al.
2020

Retrospective Hunan, China Mild: 29
Moderate: 212
Severe: 50

Mild: 3.07 (2.13, 6.1) Moderate: 2.3
(1.67, 3.24)
Severe: 3.74 (2.16, 6.54)

46.4 50.2%

Wang et al.
2020

Retrospective Multi-center, China Mild: 86
Ordinary: 486
Severe: 63

Mild: 2.73± 2.28
Ordinary: 3.58± 3.07
Severe: 9.38± 10.52

44.9 48%

Huang et al.
2020

Retrospective Hunan, China Non-severe: 92
Severe: 29

Non-severe: 2.55± 1.38
Severe: 4.4± 2.7

45.1 47.1%

Xia et al. 2020 Retrospective Hubei, China Moderate: 32
Severe: 31

Moderate: 2.89 (1.77, 5.55)
Severe: 8.78 (5.77, 25.10)

63.4 47.6%

Chen et al.
2020

Retrospective Chongqing, Chian Non-severe: 108
Severe: 31

Non-severe: 3.19 (2.13, 4.73)
Severe: 4.07 (2.86, 6.90)

45.3 45.3%

Pan et al. 2020 Retrospective Hubei, China Non-severe: 96
Severe: 16

Non-severe: 4.74 (2.5, 8.75)
Severe: 9.25 (5.95, 11.57)

61.3 62.7%

Liang et al.
2020

Retrospective Multi-center, China Nonsevere: 1459
Severe: 131

Non-severe: 4.4± 3.8
Severe: 12.7± 12.4

48.9 42.7%

Liang et al.
2020

Retrospective Multi-center, China Non-severe: 642
Severe: 87

Non-severe: 4.3± 3.8
Severe: 17.1± 20

48.2 /

Ewan et al.
2020

Retrospective Multi-center, Britain No ICU/death: 393
ICU/death: 159

No ICU/death: 5.81± 4.22
ICU/death: 8.58± 6.26

67 45.1%

Huang et al.
2020

Retrospective Shanghai, China Nonsevere: 386
Severe: 29

Non-severe: 2.67 (1.76, 3.42)
Severe: 4.16 (3.14, 14.65)

45.1 47.7%

Cheng et al.
2021

Retrospective Sichuan, China Mild: 132
Severe: 81

Mild: 2.88 (2.07, 4.16)
Severe: 5.41(2.90, 9.87)

46.9 44.1%

Data are presented as interquartile range or number (percentage)
NLR neutrophil-to-lymphocyte ratio, ICU intensive care unit

higher in patients with severe COVID-19 than in
those with non-severe COVID-19 (SMD=1.10, 95%
CI: 0.90–1.31, P< 0.001). High heterogeneity existed
(I2= 87.1%, P<0.001, a random-effects model was
used) (see Fig. 4).

Subgroup analyses
To determine other parameters that might affect the
predictive power of NLR for severe COVID-19, sub-
group analyses were conducted according to themean
age (>50 years or ≤50 years) and study location (the
study included patients from Hubei or not). The re-
sults showed that the mean age and the study location
did not affect the predictive power of the NLR for se-
vere COVID-19 (see Table 3 and Additional file 5).

SROC
The 2× 2 data were obtained from 6 studies. In to-
tal, 1698 patients, including 278 severe COVID-19 pa-
tients, were included in the final analysis (see Addi-
tional file 6). The area under the SROC was 0.802,
and the Q index was 0.738, with a sensitivity of 0.67
(95% CI: 0.61–0.72) and a specificity of 0.75 (95% CI:
0.73–0.78) (see Fig. 5).

Discussion

Currently, COVID-19 has spread rapidly around the
world. Dysregulation of the immune response leads
to clinical deterioration of patients with COVID-19,
which results in increased mortality and consump-
tion of medical resources. Early prediction and inter-
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Fig. 4 Forest plots of NLR
between severe COVID-19
and non-severe COVID-19

Table 3 Results of subgroup meta-analysis for predicting severe COVID-19 of NLR
Pooled data HeterogeneityVariables Na Caseb

HR (95%CI) P I2 Ph
NLR

Severe vs. non-severe 19 7049 1.104 (0.900, 1.308) <0.001 87.1% <0.001

By mean age

>50 years 5 1499 0.706 (0.569, 0.842) <0.001 14.2% 0.324

≤50 years 14 5550 1.228 (1.022, 1.434) <0.001 80.7% <0.001

By study location

Hubei 8 3570 1.163 (0.840, 1.490) <0.001 89.0% <0.001

Other 11 3479 1.062 (0.801, 1.312) <0.001 83.8% <0.001

SMD standardized mean difference, 95% CI 95% confidence interval, P : p value of pooled SMD, I2 value of Higgins I-squared statistics, Ph p value of heterogene-
ity test
a Numbers of studies included in the meta-analysis.
b Number of patients of included studies.

vention for severe COVID-19 is essential to improve
the prognosis of COVID-19 patients. The NLR rep-
resents the balance between neutrophil and lympho-
cyte levels in the body, and it has a higher sensitivity
than neutrophils and lymphocytes alone to indicate
the state of systemic inflammation [35, 36]. Through
a case-control study and a comprehensive meta-anal-
ysis based on previous evidence and our findings, we
found that the value of NLR was higher in severe
COVID-19 group than in the non-severe COVID-19
group. The risk of severe COVID-19 increased with
increasing NLR. The initial NLR was a strong predic-
tor of severe COVID-19. To our knowledge, our meta-

analysis is the largest study to investigate whether the
NLR could help predict the severity of COVID-19 early
in the disease course.

The results of our analysis are consistent with pre-
vious studies. Previous meta-analyses that included
3 studies found that NLR was positively correlated
with the severity of COVID-19 [37]. This result was
also consistent with another meta-analysis that in-
cluded 5 studies [38]. A difference in the initial NLR
was also found between patients with and without
COVID-19. Wang et al. discovered that the initial
NLR was a great diagnostic indicator to distinguish
COVID-19 [32]. Studies have reported that the NLR
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Fig. 5 The SROC of NLR
in predicting severe COVID-
19. a Forest plot of the sen-
sitivity; b Forest plot of the
specificity; c the area under
SROC and Q index

could be considered as an independent biomarker of
a poor prognosis in patients with COVID-19. Liu et
al. showed that the NLR was an independent risk fac-
tor for mortality in COVID-19 patients [21]; however,
only two studies focused on mortality and NLR for
COVID-19, which is too few to perform a meta-anal-
ysis. To further confirm the significance value of the
NLR in the diagnostics, prediction of disease deteri-
oration and clinical outcomes of COVID-19 patients,
more studies are necessary.

There is a large body of evidence to suggest that
age plays an important role in the disease develop-
ment and prognosis of COVID-19. Study of Liu et al.
declared that patients with aged greater than 50 years
and with an NLR greater than 3.13 were more likely
to develop severe COVID-19, and they suggested that
these patients should be sent to the ICU as earlier as
possible [11]. While comparing the analysis results
from previously published articles, patient location
caught our attention, and the clinical characteristics
and prognosis were different among different districts
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[14]. Therefore, we performed a subgroup analysis ac-
cording to the mean age (>50 years or ≤50 years) and
study location (the study included patients in Hubei
or not). The analysis showed that the mean age and
the study location did not affect the predictive power
of NLR for severe COVID-19. The transprovincial flow
of patients should be taken into consideration when
interpreting the results.

Several limitations exist in this study. First, the
case-control study was conducted retrospectively,
which has inherent biases although the data in the
electronic data capture and analysis system were col-
lected prospectively. Second, there were a few studies
reporting the NLR of COVID-19 patients who could
not be included in the final analyses due to insuf-
ficient data. Third, noticeable heterogeneity existed
among studies included in the meta-analyses and was
not fully eliminated, which might make the results less
powerful.

Conclusion

The initial NLR was a great predictor of severe COVID-
19 and could help clinicians identify of potentially
critical patients early and allocate of critical resources.
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