
SYSTEMATIC REVIEW/META-ANALYSIS

Does Neutrophil-to-lymphocyte Ratio at Admission Predict 
Severity and Mortality in COVID-19 Patients? A Systematic 
Review and Meta-analysis
Prattay Guha Sarkar1 , Pragya Pant2 , Jagmohan Kumar3 , Amit Kumar4  

Ab s t r ac t
Background: Coronavirus disease-2019 (COVID-2019) pandemic continues to be a significant public health problem. Severe COVID-19 cases have a 
poor prognosis and extremely high mortality. Prognostic factor evidence can help healthcare providers understand the likely prognosis and identify 
subgroups likely to develop severe disease with increased mortality risk so that timely treatments can be initiated. This meta-analysis has been 
performed to evaluate the neutrophil-to-lymphocyte ratio (NLR) at admission as a prognostic factor to predict severe coronavirus disease and mortality.
Materials and methods: A literature search was conducted through April 30, 2021, to retrieve all published studies, including gray literature and 
preprints, investigating the association between NLR and severity or mortality in COVID-19 patients. Screening of studies and data extraction 
have been done by two authors independently. The methodological quality of the included studies was assessed by the Quality in Prognosis 
Studies (QUIPS) tool.
Results: Twenty-four studies involving 4,080 patients reported the prognostic value of NLR for severe COVID-19. The pooled sensitivity (SEN), 
specificity (SPE), and area under the curve were 0.75 (95% CI 0.69–0.80), 0.74 (95% CI 0.70–0.78), and 0.81 (95% CI 0.77–0.84). Fifteen studies 
involving 4,071 patients reported the prognostic value of NLR for mortality in COVID-19. The pooled sensitivity (SEN), specificity (SPE), and area 
under curve were 0.80 (95% CI 0.72–0.86), 0.78 (95% CI 0.69–0.85), and 0.86 (95% CI 0.83–0.89).
Conclusion: The prognostic value of NLR at admission for severity and mortality in patients with COVID-19 is good. Evaluating the NLR at 
admission can assist treating clinicians to identify early the cases likely to worsen. This would help to conduct early triage, identify potentially 
high-risk cases, and start optimal monitoring and management, thus reducing the overall mortality of COVID-19.
Trial registry: This meta-analysis was prospectively registered on PROSPERO database (Registration Number: CRD42021247801). 
Keywords: COVID-19 ARDS, COVID-19 mortality, Neutrophil-to-lymphocyte ratio, Prognosis.
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In t r o d u c t i o n
Coronavirus disease-2019 (COVID-2019) pandemic continues to affect 
varied populations creating the greatest crisis faced by healthcare 
systems worldwide. COVID-19 is caused by a RNA virus, transmitted 
through respiratory droplets which enters the respiratory system 
by inhalation.1 The disease is generally mild in 80% of the patients 
with involvement restricted to upper and conducting airway.2 These 
patients can generally be managed at home with conservative 
management. Rest 20% of the patients develop pulmonary 
infiltrates, and among them, a subset develops severe disease.3 
Mortality in the patients with severe COVID pneumonia may be as 
high as 49% as shown in an epidemiological study by China CDC.4

Early identification of the prognostic factors for severe disease 
can facilitate rapid access to intensive care units when required.5 
Worsening status of a COVID patient might not be detected in time 
because symptoms and signs, such as fever, tachycardia, tachypnea, 
and leukocyte count, are nonspecific and may not be always 
present or appear late.6 Neutrophil-to-lymphocyte ratio (NLR) is 
an inflammatory biomarker and has prognostic value for severity 
of disease and mortality. This systematic review and meta-analysis 
were done to evaluate the prognostic value of NLR at admission for 
predicting severity and mortality in COVID-19.

Mat e r ia  l s a n d Me t h o d s
Preferred reporting items for systematic reviews and meta-
analyses (PRISMA) statement guidelines have been followed 
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to perform this meta-analysis.7 The study was registered 
prospectively on PROSPERO database (Registration Number: 
CRD42021247801).

Selection of Studies
Authors PubMed, Google Scholar, Scirius, MEDLINE, Liliacs, 
Cochrane, CINAHIL, PLoS, and SIGLE databases through April 30, 
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2021. Following search terms were used: “coronavirus disease 
2019” or “2019 novel coronavirus” or “SARS-CoV-2” or “2019-nCoV” 
or “COVID-19” and “NLR” or “neutrophil lymphocyte ratio”. No 
language restrictions were imposed. The reference lists of the 
included studies were further screened to find additional citations.

All the citations were independently screened by two authors 
(PGS and PP) to find studies to be included into the final analysis. 
Any disagreement was resolved through discussion. In case of 
persistent disagreement, a third reviewer (AK) was consulted for 
arbitration. Studies were selected if the following criteria were met: 
(1) The prognostic value of NLR on severity and mortality in patients 
of COVID-19 was evaluated; (2) sufficient information was available 
to calculate a 2 × 2 table for true-positive (TP), false-positive (FP), 
true-negative (TN), and false-negative (FN). Exclusion criteria were 
(1) inability to extract 2 × 2 table; (2) case reports, reviews, comment, 
letter, and animal studies.

Data Extraction and Quality Assessment
We prepared standard data extraction forms after discussion 
in between three reviewers. Pilot data extraction was done by 
two reviewers, and any shortcomings in the form were rectified 
by discussion with third reviewer. Final extraction of relevant 
information was done by two independent authors (PGS and PP). 
All extracted data were verified by another reviewer (JM). Following 
data have been extracted from individual studies: area under curve 
(AUC), cutoff value, TP, TN, FP, FN, sensitivity (SEN), and specificity 
(SPE). The extracted information was reviewed by a third author 
(AK). We used the quality in prognosis studies (QUIPS) tool to assess 
risk of bias (ROB) in six domains: participation, attrition, prognostic 
factor measurement, outcome measurement, confounding factors, 
and statistical analysis and reporting.8

Statistical Analysis
We used random-effects model to compute the pooled sensitivity, 
pooled specificity with 95% CI considering the significant 
heterogeneity among the studies. Summary area under the curve 
was computed to determine the discriminating power of NLR for 
mortality. Diagnostic odds ratio was computed to provide the 
accuracy of NLR for the predicting mortality. Heterogeneity more 
than 50% was considered as statistically significant heterogeneity. 
Meta-regression analysis was done to determine the source of 
heterogeneity and subgroup effects. All the statistical analyses 
were completed using software STATA version 13. 

Re s u lts

Selection and Characteristic of Studies
Study selection process is shown in Flowchart 1. We reviewed 
PubMed, Google scholar, Scirius, MEDLINE, Liliacs, Cochrane, 
CINAHIL, PLoS, and SIGLE databases through April 30, 2021, and 
identified 56 studies. An additional 11 records were identified 
through other sources. Nine records found in duplicates were 
removed. The remaining 47 studies were scrutinized by reading 
the abstract. Three studies were excluded as they did not report 
prognostic value of NLR in COVID-19 patients. Full-text articles of 
44 studies were evaluated. Four studies did not reроrt NLR, eight 
studies did not рrоvide RОС, and data were not extrасtаble and 
hence were excluded. Finally, 17 studies reроrting the sensitivity 
and specificity of NLR recorded at admission to predict development 
of severe СОVID-19 disease, 8 studies reроrting the prognostic value 
of NLR recorded at admission on mortality in СОVID-19 раtients, 
and 7 studies reроrting the prognostic value of NLR recorded at 
admission on both severity and mortality in СОVID-19 раtients were 
included in this systematic review and metа-аnаlysis.

Flowchart 1: Flow diagram for the identification of eligible studies
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Fagan normogram shows that if the pretest probability was set 
to 50%, the posttest probability is more than 90% at NLR cutoff of 6 
at admission. On the contrary, when the NLR was below 3, posttest 
probability was significantly lower. 

Goodness of Fit and Outlier Detection
Our goodness of fit analysis showed model calibrated well for both 
predicting severity and mortality outcomes. This shows that the 
sample data are representative of data we would expect to find in an 
actual population. We did not observe significant outlier effects of 
studies included in the present meta-analysis for mortality outcome; 
however, for severity analysis, we observe that two studies fell 
outside the two-standard deviation in the outlier detection analysis. 

Subgroup Analyses
For the severity prediction (Table 3), our subgroup analysis revealed 
a consistent finding across studies in which the mean proportion 
of diabetes was greater than 15% (I2  =  43.8%, for specificity), 
mean proportion of hypertension more than 25% (I2 = 48.2% for 
specificity), and the mean proportion of CAD was greater than 10% 
(I2 = 26.2%, for specificity), and the mean age was less than 50 years. 
The findings have significant clinical implications and generate 
research hypotheses suggesting that the NLR test may be a viable 
predictive marker for the subgroups of hypertensive, diabetic, 
coronary artery disease (CAD), and younger COVID-19 subjects.

Similarly, for mortality prediction (Table 4), our subgroup 
analysis indicated that NLR has a consistent and reliable predictive 
accuracy in terms of sensitivity across studies with a mortality rate 
of less than or equal to 17% (I2 = 21.2%), among studies with a mean 
proportion of hypertensive individuals greater than 29% (I2 = 22.1%), 
and studies with a mean age greater than 50 years (I2 = 20.4%). These 
findings may have significant clinical implications, implying that 
NLR may have uniform predictive accuracy for patients in the older 
age-groups, those who are hypertensive, and less sick patients with 
probability of lower mortality incidence.

Our subgroup analysis observed that a higher cutoff value of 
NLR (>5 for severity and >6 for mortality) carries similar significance 
in predicting severity of disease and mortality (Table 5). We did not 
observe significant influence of mean age, hypertension, diabetes, 
CAD, heart failure, COPD and sex in the individual studies on the 
pooled effect size of NLR for predicting severity and mortality in 
COVID-19 (Fig. 5). We analyzed for differences between the pooled 
sensitivity and specificity reported by studies conducted in China 
versus outside China. Fifteen out of 24 studies reporting severity 
and nine out of six studies reporting mortality have been conducted 
in China. The pooled sensitivity and specificity of NLR at admission 
for predicting severity from studies conducted in China were 0.77 
(95% CI 0.70–0.83) and 0.78 (95% CI 0.73–0.82), respectively, versus 
0.70 (95% CI 0.63–0.76) and 0.68 (95% CI 0.64–0.73), respectively, 
for studies conducted outside China. The difference in the pooled 
specificity was found to be statistically significant, with studies from 
China reporting a higher specificity for NLR at admission to predict 
severity. The pooled sensitivity and specificity of NLR at admission 
for predicting mortality from studies conducted in China was 0.85 
(95% CI 0.78–0.89) and 0.80 (95% CI 0.70–0.87), respectively, versus 
0.65 (95% CI 0.57–0.72) and 0.76 (95% CI 0.58–0.88), respectively, 
for studies conducted outside China. The difference in the pooled 
sensitivity was found to be statistically significant for NLR at 
admission with studies from China reporting a higher sensitivity 
for NLR at admission to predict mortality. 

The characteristics of each study and the prognostic value of 
NLR for severity in COVID-19 patients are presented in Table 1. All 
the studies were retrospective in nature. Out of the 24 studies, 15 
were conducted in China and three were conducted in Turkey. 
Number of patients in the studies varied from 45 to 735. All the 
studies reported sensitivity, specificity, and AUC, which varied 
among the studies. Severe disease was defined as раtients with least 
one of the following features: shortness of breath, respiratory rate 
(RR) ≥30 times/minute or oxygen saturation (resting state) ≤93%, 
or РаО2/FiО2 ≤300 mm Hg.

The characteristics of each study and the prognostic value of 
NLR for mortality in COVID-19 patients are presented in Table 2. 
All the studies were retrospective in nature. Out of the 15 studies, 
nine were conducted in China. One study each were from America, 
Mexico, Iran, Turkey, Pakistan, and Spain. Number of patients in the 
studies varied from 76 to 1,004. All the studies reported sensitivity, 
specificity, and AUC, which varied among the studies.

Study Quality and Publication Bias
Risk of bias assessment was done by QUIPS tool (Fig. 1). Risk of 
bias domains evaluated include participation, attrition, prognostic 
factor measurement, outcome measurement, confounding factors, 
and statistical analysis and reporting.9 Risk of bias was highest 
in the domain of confounding factors as none of the studies 
adequately described other confounding variables. Studies by Yang  
et al.,10 Ok et al.,11 Liu et al.,12 Fu et al.,13 Zeng et al.,14 and Ramos-
Penafiel et al.15 scored “high” in the QUIPS tool risk of bias domain 
5, i.e., confounding factors. All the remaining studies had unclear 
risk in this domain. Overall, study by Fu et al.13 had high risk of bias 
on evaluation by QUIPS tool. Studies by Yang et al.,10 Wang et al.,16 
Liu et al.,12 Sun et al.,17 Bastug et al.,18 and Cheng et al.19 had low 
risk of bias on evaluation by QUIPS tool. For rest of the studies, risk 
of bias was unclear. Deek’s funnel plot asymmetry test revealed 
publication bias to be nonsignificant in both the categories (Fig. 2).

Prognostic Value of NLR for Severe Disease
Twenty-four studies involving 4,080 patients reported the 
prognostic value of NLR for severity in COVID-19 patients. The 
pooled sensitivity (SEN) and specificity (SPE) were 0.75 (95% CI 
0.69–0.80) and 0.74 (95% CI 0.70–0.78), respectively. The positive 
likelihood ratio was 2.9 (95% CI 2.5–3.4), and the negative likelihood 
ratio was 0.34 (95% CI 0.28–0.41). The DOR was 9 (95% CI 6–12). The 
SROC curve is shown in Figure 3. The AUC of NLR for predicting 
mortality was 0.81 (95% CI 0.77–0.84). This indicates that NLR has 
high prognostic value for severity in COVID-19. Fagan normogram 
shows that if the pretest probability was set to 50%, the posttest 
probability is more than 90% at NLR cutoff of 5 at admission. On 
the contrary, when the NLR was below 3, posttest probability was 
significantly lower. 

Prognostic Value of NLR for Mortality
Fifteen studies involving 4,071 patients reported the prognostic 
value of NLR for mortality in COVID-19 patients. The pooled 
sensitivity (SEN) and specificity (SPE) were 0.80 (95% CI 0.72–0.86) 
and 0.78 (95% CI 0.69–0.85), respectively. The positive likelihood 
ratio was 3.7 (95% CI 2.6–5.3), and the negative likelihood ratio 
was 0.25 (95% CI 0.18–0.35). The DOR was 15 (95% CI 8–25). The 
SROC curve is shown in Figure 4. The AUC of NLR for predicting 
mortality was 0.86 (95% CI 0.83–0.89). This indicates that NLR has 
high prognostic value for severity in COVID-19. 
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Fig. 1: Risk of bias assessment using QUIPS tool

Figs 2A and B: Funnel plots reporting publication bias. (A) Studies reporting NLR for severity; (B) Studies reporting NLR for mortality
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Figs 3A and B: (A) Forest plot of the sensitivity and specificity of NLR to predict severity in COVID-19 patients. The pooled sensitivity (SEN) and 
specificity (SPE) were 0.75 (95% CI 0.69–0.80) and 0.74 (95% CI 0.70–0.78); (B) Summary receiver operating characteristic graph of the included 
studies. The AUC of NLR to predict severity was 0.81 (95% CI 0.77–0.84)

Certainty of Evidence
We have assessed certainty of evidence by the GRADE approach.20 
The certainty of the evidence for the overall prognostic value 
of NLR at admission for severity was moderate (Table 6) due to 
significant indirectness in the studies reporting surrogate outcomes 
and significant heterogeneity with I2 >50%. The certainty of the 
evidence for the overall prognostic value of NLR at admission for 
mortality was high (Table 5). Studies included in the pooled analysis 
of NLR for mortality had low risk of bias, low indirectness, low 
imprecision, and undetected publication bias. However, significant 
heterogeneity with I2 >50% was reported between these studies.

Di s c u s s i o n
We observed evidence for good performance and discriminatory 
power of NLR for predicting outcomes in patients with COVID-19. 

It has been seen that coronavirus infection causes a physiological 
stress on the human body which is characterized by elevated levels 
of cortisol and catecholamines. Increased endogenous cortisol 
and catecholamines in response to acute physiological stress 
(<6 hours) are known to cause leukocytosis and lymphopenia.21 
Therefore, NLR has potential to identify the individuals at risk for 
adverse outcomes. NLR has also been used to predict prognosis, 
severity, and mortality in other inflammatory conditions, such as 
hepatocellular cancer, breast cancer, neonatal sepsis, and blood 
stream infections.22–26 NLR is calculated as absolute neutrophil 
count divided by absolute lymphocyte count.27 In a normal 
individual, its value is between 1 and 3. A value between 6 and 9 
indicated mild stress (e.g., appendicitis). In the presence of sepsis, 
it is above 9 and may be as high as 100.27

Systemic inflammation triggered by SARS-CoV-2 in cases 
of severe coronavirus disease or nonsurviving cases causes 
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Figs 4A and B: (A) Forest plot of the sensitivity and specificity of NLR to predict mortality in COVID-19 patients. The pooled sensitivity (SEN) and 
specificity (SPE) were 0.80 (95% CI 0.72–0.85) and 0.78 (95% CI 0.70–0.85); (B) Summary receiver operating characteristic graph of the included 
studies. The AUC of NLR to predict mortality was 0.86 (95% CI 0.82–0.88)
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Table 3: Subgroup analysis and sensitivity analysis for predictive accuracy of NLR for prediction of severity

Categories Sensitivity Specificity sAUC DOR I2 (parameter)
Prediction of severity
Less severity population (≤29%) N = 12 
studies

0.75 (0.66–0.82) 0.76 (0.71–0.80) 0.81 (0.80–0.84)   9 (6–14) 60.8% (Sen)
68.2% (Spe)

Higher severity population (>29%)
N = 12 studies

0.75 (0.68–0.81) 0.73 (0.66–0.79) 0.79 (0.75–0.82)     2.8 (2.2–3.6) 83.9% (Sen)
78.3% (Spe)

Proportion of hypertensive <25%
N = 8 

0.73 (0.65–0.80) 0.78 (0.69–0.85) 0.82 (0.78–0.85) 10 (5–18) 51.2% (Sen)
80.4% (Spe)

Proportion of hypertension 25% or more
N = 9

0.77 (0.68–0.84) 0.71 (0.67–0.75) 0.85 (0.81–0.87)   8 (6–12) 86.1% (Sen)
48.2% (Spe)

Diabetes 15% or less
N = 9

0.74 (0.64–0.82) 0.79 (0.73–0.84) 0.84 (0.80–0.87) 11 (7–17) 81.7% (Sen)
72.8% (Spe)

Diabetes 15% or more
N = 8

0.76 (0.69–0.82) 0.70 (0.65–0.73) 0.76 (0.72–0.79)   7 (5–11) 69.1% (Sen)
43.8% (Spe)

CAD 10% or less
N = 5

0.69 (0.56–0.80) 0.79 (0.71–0.85) 0.81 (0.78–0.85)   8 (5–13) 76.1% (Sen)
72.2% (Spe)

CAD 10% more 
N = 6

0.76 (0.72–0.80) 0.77 (0.70–0.84) 0.70 (0.66–0.74)   8 (6–11) 70.1% (Sen)
26.2% (Spe)

Male 55% or less
N = –11

0.74 (0.64–0.82) 0.75 (0.67–0.82) 0.75 (0.71–0.79)   9 (6–13) 78.3% (Sen)
65.5% (Spe)

Male 55% or more
N = 13

0.81 (0.77–0.84) 0.75 (0.67–0.81) 0.74 (0.67–0.80)   8 (5–13) 66.4% (Sen)
78.8% (Spe)

Age less than 50
N = 8

0.70 (0.65–0.74) 0.75 (0.66–0.82) 0.71 (0.67–0.75)   7 (4–11)   34.4% (Sen)
81.8% (Spe)

Age more than 50
N = 14

0.76 (0.67–0.83) 0.74 (0.69–0.83) 0.80 (0.77–0.84)   9 (6–14) 84.4% (Sen)
68.8% (Spe)

Outside China
N = 9

0.70 (0.63–0.76) 0.68 (0.64–0.73) 0.75 (0.71–0.78) 5 (4–7) 51.4% (Sen)
62.8% (Spe)

China
N = 15

0.77 (0.70–0.83) 0.78 (0.73–0.82) 0.84 (0.81–0.87) 12 (9–17) 83.4% (Sen)
73.8% (Spe)

DOR, diagnostic odds ratio; sAUC, summary area under the curve; Sen, sensitivity; Spe, specificity; I2 parameter close to 50% or <50% suggests 
that the sensitivity and specificity in this sub group is not due to heterogeneity. These have been highlighted in bold

Table 4: Subgroup analysis and sensitivity analysis for predictive accuracy of NLR for prediction of mortality

Categories Sensitivity Specificity sAUC DOR I2 ( parameter)
Prediction of severity
≤17% mortality
N = 7 studies

0.75 (0.64–0.84) 0.77 (0.11–0.89) 0.82 (0.79–0.86) 21 (12–36) 21.2% (SEN)
89.2% (SPE)

>17% mortality
N = 8 studies

0.75 (0.68–0.81) 0.73 (0.66–0.79) 0.79 (0.75–0.82) 11 (5–23) 77.9% (SEN)
95.3% (SPE)

Hypertension 29% or less
N = 5

0.82 (0.66–0.92) 0.82 (0.71–0.90) 0.89 (0.86–0.92) 22 (7–72) 84.2% (SEN)
91.4% (SPE)

Hypertension 29% or more
N = 6

0.85 (0.78–0.90) 0.71 (0.56–0.83) 0.87 (0.84–0.90) 14 (8–24) 22.1% (SEN)
93.2% (SPE)

Diabetes 16% or less
N = 4

0.88 (0.75–0.95) 0.81 (0.68–0.89) 0.92 (0.89–0.94) 31 (12–79) 63.7% (SEN)
90.8% (SPE)

Diabetes 16% or more
N = 7

0.81 (0.71–0.88) 0.75 (0.60–0.85) 0.85 (0.82–0.88) 12 (6–27) 70.1% (SEN)
93.8% (SPE)

Age less than 60
N = 6

0.76 (0.59–0.87) 0.73 (0.51–0.88) 0.81 (0.78–0.84) 9 (4–20) 77.4% (SEN)
94.8% (SPE)

Age more than 50
N = 6

0.80 (0.74–0.85) 0.85 (0.80–0.89) 0.87 (0.84–0.90) 23 (15–36) 20.4% (SEN)
82.8% (SPE)

(Contd...)
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Table 5: GRADE assessment of certainty of evidence: Can neutrophil-to-lymphocyte ratio at admission predict mortality in 
COVID-19?

Category No. of studies Sensitivity (95% CI) Specificity (95% CI) PLR (95% CI) ΝLR (95% CI) DOR (95% CI)
Severity

Cutoff ≤5 16 0.76
(0.69, 0.82)

0.73
(0.68, 0.78)

2.9
(2.4, 3.4)

0.32
(0.25, 0.42)

9
(6, 13)

p >0.05

Cutoff >5 8 0.71
(0.65, 0.77)

0.76
(0.69, 0.83)

3.0
(2.2, 4.2)

0.38
(0.29, 0.48)

8
(5, 14)

Mortality
Cutoff ≤6 4 0.86

(0.75, 0.93)
0.96

(0.92, 0.98)
21.2

(10.7, 42.1)
0.14

(0.07, 0.27)
150

(56, 400)
p >0.05

Cutoff >6 11 0.79
(0.70, 0.87)

0.95
(0.90, 0.98)

16.2
(6.8, 38.3)

0.22
(0.14, 0.34)

74
(21, 266)

Figs 5A and B: Meta-regression analysis: no statistically significant covariate effects of sex, diabetes, hypertension, COPD, CAD, heart failure, age, 
and NLR cutoff on the pooled sensitivity and pooled specificity for predicting: (A) Severity in COVID-19; and (B) Mortality in COVID-19 

Table 4: (Contd...)
Categories Sensitivity Specificity sAUC DOR I2 ( parameter)
Outside China
N = 9

0.79 (0.68–0.82) 0.69 (0.64–0.74) 0.79 (0.70–0.88) 6 (2–9) 71.4% (SEN)
88.8% (SPE)

China
N = 6

0.82 (0.72–0.87) 0.76 (0.71–0.81) 0.80 (0.71–0.83) 10 (6–114) 67.4% (SEN)
88.8% (SPE)

DOR, diagnostic odds ratio; sAUC, summary area under the curve; SEN, sensitivity; SPE, specificity I2 parameter close to 
50% or <50% suggests that the sensitivity and specificity in this sub group is not due to heterogeneity. These have been 
highlighted in bold
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Table 7: Comparison of our meta-analysis with earlier published meta-analysis

Criteria
Simadibrata 

DM, 2020
Lagunas- 

rangel FA, 2020
Ghahramani, 

2020 Li X, 2020
Ulloque- 

badaracco, 2021
Present  

meta-analysis
No. of studies (severity) 38 5 22 13 36 24
No. of subjects (severity) 5,699 828 3,396 1,579 8,732 4,080
No. of studies (mortality) 38 — — — 28 15
No. of subjects (mortality) 6,033 — — — 6,790 4,071
Recommended 
guidelines for  
prognostic meta- 
analysis reporting 

Pooled  
sensitivity

× × × √ × √

Pooled  
sensitivity

× × × √ × √

Summary area 
under the curve

× × × √ × √

Diagnostic 
odds ratio

× × × √ × √

Methodological 
quality (QUIPS) 

× × × × × √

GRADE criteria × × × × × √
Publication bias √ × × √ √ √

Analysis used 
pooled sensitivity, 
pooled specificity, 
summary area 
under the curve, 
and diagnostic odds 
ratio

×
Standard 

mean  
difference.

×
Standard mean 

difference.

×
Pooled  

weighted mean 
difference

√
Pooled 

sensitivity, 
pooled 

specificity, 
Summary 

Area under 
the curve, 
Diagnostic 
odds ratio.

×
Log odds ratio

√
Pooled sensitivity, 
pooled specificity, 

Summary Area 
under the curve, 
Diagnostic odds 

ratio.

prognostic performance of NLR for predicting mortality and severity 
in COVID-19 patients. 

To date, five systematic review and meta-analyses have been 
published to determine correlation of NLR with outcomes in 
COVID-19 patients.32–36 However, our meta-analysis has improvised 
upon certain aspects, as compared to the previous ones. We have 
presented the key differences in Table 7. 

•	 Four meta-analyses have reported only pooled mean, standard 
deviation, or standard mean difference of NLR in COVID-19.32–34,36  
High NLR levels on admission were associated with severe 
COVID-19 and mortality. However, sensitivity, specificity, AUC, 
and optimal cutoff of NLR at admission for predicting severity or 
mortality have not been evaluated in these studies. Authoritative 
bodies such as the Cochrane collaboration currently recommend 
the use of the bivariate parameters (sensitivity and specificity) 
and SROC curves in meta-analysis of diagnostic test accuracy 
studies.37 Since this is a meta-analysis of prognostic studies, 
we have reported the SROC curves and derived the sensitivity, 
specificity of a specific cutoff of NLR at admission for predicting 
severity and mortality, as supported by authoritative bodies. 
Similar approach has been used in the meta-analysis by Li et al.35 
This meta-analysis reported the sensitivity, specificity, and AUC of 
NLR at admission for predicting severity or mortality in COVID-19.35  
Thirteen studies involving 1,579 patients’ data on severity 
have been included in this analysis. Authors have used Quality 
Assessment of Diagnostic Accuracy Studies-2 (QUАDАS-2)  
limiting the validity of risk of bias assessment in the earlier 
conducted meta-analysis. Effect of confounding factors, such as 

progressive reductions in lymphocyte count and progressive 
increase in neutrophil count.28 Neutrophils are triggered by various 
inflammatory factors like interleukin 6 and interleukin.29 SARS-
CoV-2 is known to depress cellular immunity significantly.30 This 
causes a reduction in CD3 + T cells, CD4 + T cells, and CD8 + T cells 
due to cytopathic effects.14,16,31 Therefore, NLR may be associated 
with progression of disease. Since changes in NLR appear before 
symptomatic worsening,21 it may be used to predict severity and 
mortality.

Our study indicates that NLR ≥5 at admission for severity and 
NLR ≥6 at admission for mortality have the optimal prognostic 
power in COVID-19. Meta-regression analysis revealed clinical 
factors, such as age, sex, diabetes, hypertension, CAD, heart failure, 
COPD, and CKD, did not affect the prognostic power of NLR at 
admission for severity and mortality in coronavirus disease. Further, 
NLR above 5 and 6 probably has similar prognostic significance 
for severity and mortality, respectively. Threshold effect of NLR 
cutoffs on sensitivity and specificity for severity and mortality 
was 6 and 12%, respectively. This indicates that variable cutoffs 
of NLR reported by different studies do not introduce significant 
heterogeneity in the results. However, studies conducted in China 
had a significantly higher pooled specificity for NLR predicting 
severity and significantly higher pooled sensitivity for NLR 
predicting mortality. This may have occurred due to differences 
in the study population and high number of studies in Chinese 
population included in analyses. Future studies conducted outside 
China will be needed to further assess whether our study findings 
can be generalized to different populations. The goodness-of-fit 
test appears to indicate that the model was well fit for assessing 
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age, sex, hypertension, САD, heart failure, СОРD, and СKD, was 
not evaluated by the authors. Our meta-analysis has included 
24 studies involving 4,080 patients reporting the prognostic 
value of NLR at admission for severe COVID-19 and 15 studies 
involving 4,071 patients reporting the prognostic value of NLR at 
admission for mortality in COVID-19. Of these 15 out of 24 studies 
reporting severity and 9 out of 15 studies reporting mortality 
have been conducted in China. This highlights that we have 
included significantly higher number of studies and subjects with 
higher proportion of the studies from outside China. We have 
used QUIРS tool for assessment of methodological quality of 
included studies, which is the preferred tool for bias assessment 
in prognostic studies. We have evaluated pooled estimates 
for studies conducted in China and outside China and have 
documented significant differences. Further studies conducted 
outside China will be needed to further assess the prognostic 
accuracy of NLR for outcomes in patients with COVID-19  
in other population groups. 

This is the first meta-analysis which has evaluated the 
source of variation on pooled effect size using meta-regression 
analysis. We have assessed the certainty of the evidence using 
GRADE criteria for the first time. We have also used a goodness-
of-fit model to evaluate the applicability of the results to actual 
population. 

Our meta-analysis conducted following the prognostic studies 
meta-analysis guidelines to provide the clinically meaningful 
results. 

The major shortcoming of our meta-analysis is the retrospective 
nature of the data due to which it is prone to various confounding 
factors. Subgroup analyses did not reveal signify interaction with 
confounding factors, such as age, sex, hypertension, diabetes, САD, 
heart failure, СОРD, and СKD. However, possibility of interaction with 
other confounding factors cannot be ruled out. A high proportion of 
the studies that have been included in this analysis are from China. 
This may limit the generalizability of the results and conclusions.

Co n c lu s i o n
Prognostic value of NLR can be used to identify cases with 
potential of progression into severe category early. NLR  ≥5 
identifies a patient subset likely to develop severe COVID-19 
with acceptable sensitivity and specificity. NLR  ≥6 identifies a 
patient subset with high risk of mortality with high sensitivity 
and specificity. Since NLR can be calculated bedside easily, it can 
serve as a cost-effective method to identify COVID-19 patients at 
higher risk of severe disease and mortality. Early triage, aggressive 
monitoring, and management may help to reduce progression in 
these cases and reduce mortality.

Or c i d
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