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1 | INTRODUCTION

| W. Ivan Salas-Tello' @ | Ali Al-kassab-Cérdova! ® |

| Vicente A. Benites-Zapata? | Jorge L. Maguifa®® |

Abstract

Background: Neutrophil-to-lymphocyte ratio (NLR) is an accessible and widely used
biomarker. NLR may be used as an early marker of poor prognosis in patients with
COVID-19.

Obijective: To evaluate the prognostic value of the NLR in patients diagnosed with
COVID-19.

Methods: We conducted a systematic review and meta-analysis. Observational
studies that reported the association between baseline NLR values (ie, at hospital
admission) and severity or all-cause mortality in COVID-19 patients were included.
The quality of the studies was assessed using the Newcastle-Ottawa Scale (NOS).
Random effects models and inverse variance method were used for meta-analyses.
The effects were expressed as odds ratios (ORs) and their 95% confidence intervals
(Cls). Small study effects were assessed with the Egger's test.

Results: We analysed 61 studies (n = 15 522 patients), 58 cohorts, and 3 case-control
studies. An increase of one unit of NLR was associated with higher odds of severity
(OR 6.22; 95%Cl 4.93 to 7.84; P < .001) and higher odds of all-cause mortality (OR
12.6; 95%Cl 6.88 to 23.06; P < .001). In our sensitivity analysis, we found that 41
studies with low risk of bias and moderate heterogeneity (I* = 53% and 58%) main-
tained strong association between NLR values and both outcomes (severity: OR 5.36;
95% Cl 4.45 to 6.45; P < .001; mortality: OR 10.42 95% CI 7.73 to 14.06; P = .005).
Conclusions: Higher values of NLR were associated with severity and all-cause mor-
tality in hospitalised COVID-19 patients.

the world.® According to recent studies, the basic reproduction
number (RO) is 3.38, suggesting high transmissibility.” Besides the

Coronavirus disease 2019 (COVID-19) is an acute respiratory in-
fection caused by SARS-CoV-2.1® On 30 January 2020, the World
Health Organization (WHO) declared the epidemic as a public health
emergency of international interest.* After more than 20 000 cases
and 1000 deaths in the European Region, the WHO classified the
disease as a pandemic.’ To date (14 May 2021), more than 162 mil-

lion cases and 3.37 million deaths have already been reported across

significant human losses, the quarantine and social distancing have
had a great impact on the global economy.8 However, despite the
implementation of these strategies, the incidence of cases has been
increasing in some countries, and nowadays, some nations are expe-
riencing a second wave.

Sociodemographic and clinical factors, such as older age, male

sex, hypertension and diabetes mellitus, increase the mortality rate
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of COVID-19.21% However, these factors have different distributions
between countries.!! In June 2020, a meta-analysis reported that the
global mortality rate was 2.72% (95% ClI 2.19-4.76).12 Additionally,
a current meta-analysis reported a 46% (95% Cl 18.48-73.6) preva-
lence of asymptomatic patients, which has made it difficult to con-
trol the pandemic.12 On the other hand, in symptomatic patients,
the most common manifestations are fever, cough, dyspnea, mus-
cle fatigue or muscular pain and chest distress. Moreover, 29.3% of
those infected require admission to the intensive care unit (Icu).r?
Regarding the patients admitted to the ICU, reports do not suggest
high mortality in them.*

The neutrophil-to-lymphocyte ratio (NLR) is an accessible, repro-
ducible and widely used biomarker for evaluating the prognosis of
many health-related problems such as cardiovascular diseases, vari-
ous types of cancer, ocular diseases and infectious diseases, among
others.**2° The biological basis of this biomarker is related to the
response of the innate immune system against systemic inflamma-
tion, injury and stress. This is characterised by lymphocytopaenia
and neutrophilia.?* Although there is no consensus on normal cutoff
values, two studies reported a cutoff value of 1.65 and 1.70.2%%°
Recently, a study showed that NLR is elevated in patients with se-
vere COVID-19, and the authors suggest that its performance in
the prognosis of severe disease should be further evaluated.’* A
brief meta-analysis, with several limitations, reported that the NLR
was a good tool to assess the prognosis of severity in patients with
COVID-19.25 NLR evaluation can help physicians in initiating treat-
ment and monitoring patient, thereby improving the prognosis and
outcomes.

Several studies have evaluated the performance of the NLR in
the prognosis of patients with COVID-19, so it is necessary to syn-
thesise these results to give a more reliable tool for physicians. The
objective of this study was to evaluate the prognostic value of the
NLR in patients diagnosed with COVID-19.

2 | METHODS

We used the Preferred Reporting Items for Systematic Reviews
and Meta-analysis?® statement to report our systematic review. A
short version of our protocol has been registered in the International
Prospective Register of Systematic Review [CRD42020190508].

2.1 | Data sources and searches

We searched on 23 December 2020 for studies assessing the as-
sociation between NLR and clinical outcomes in patients diag-
nosed with COVID-19 in the following databases: OVID Medline,
OVID Embase, PubMed, Web of Science, Scielo, Scopus, LILACS,
Cochrane Library and WHO COVID-19 Global Research Database.
Additionally, a manual search was performed in ScienceDirect,
Springer Link, CNKI databases and preprints platforms, such as me-

dRxiv and Scielo Preprints (see Supporting Information Appendix 1).

Review criteria

Our systematic review and meta-analysis included a
search strategy from different databases such as EMBASE,
SCOPUS, Web of Science, OVID MEDLINE and preprints
platforms. Four reviewers independently analysed the
titles and abstracts of manuscripts to choose potentially
relevant articles. The selected articles were grouped, and
duplicates were eliminated with the Rayyan QCRI soft-
ware. All discrepancies were resolved by group consensus,

and finally, the analysis was conducted in RevMan 5.0.

Message for the clinic

The NLR is a biomarker accessible, reproducible and easy
to use in COVID-19 patients. In our study, NLR was strongly
associated with a higher odds of severity and all-cause
mortality; NLR could help health professionals to quickly
identify high-risk COVID-19 patients and adopt low-cost
and timely intervention to prevent complications. This is
relevant, especially now, that several countries continue to

have a high transmission rate of SARS-CoV-2.

The search strategy was done using the Peer Review of Electronic

Search Strategies Checklist.?”

Our team co-built the search strategy
in PubMed, and it was adapted to the other bibliographic databases.

We did not apply language restrictions.

2.2 | Study selection and data extraction

We included studies that complied the following criteria: (1) pro-
spective or retrospective observational studies (cross-sectional,
case-control and cohort studies), (2) adult patients (aged > 18 years
old) who were diagnosed with COVID-19, (3) NLR values reported
at hospital admission and (4) the association between NLR values
and disease severity or other clinical outcomes in COVID-19 patients
was reported. We did not expect to find randomised controlled trials
of NLR, as NLR cannot be randomised as interventions. Moreover,
we excluded studies that were (1) conducted in animals, (2) dupli-
cated, (3) conference abstracts, (4) case reports, (5) systematic re-
views, (6) scoping reviews and (7) editorials or commentaries. Our
primary outcome was disease severity, which was defined as meet-
ing at least one of the following criteria: ICU admission, shortness of
breath, respiration rate 230 times per minute, blood oxygen satura-
tion at rest < 93% and PaO,/FiO, < 300 mm Hg (ratio of partial pres-
sure of oxygen to fraction of inspired oxygen). However, definitions
of severity vary among studies. Mortality was also considered as a
secondary outcome.

Four reviewers (IST, JRU, EAB-B and AAC) independently an-

alysed the titles and abstracts of the selected articles to choose
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potentially relevant articles. Once the potential literature to be in-
cluded in our study was found, four authors (IST, JRU, EAB-B and
AAC) independently read the full text of each article selected. If an
article did not meet with one or more selection criteria, it was ex-
cluded from our study. Discrepancies were resolved by consensus
among the team of researchers in each stage. We used Rayyan QCRI
software (Qatar Computing Research Institute, Doha, Qatar) to con-
duct the process of screening and selection of studies.?® Finally,
two authors (IS and JRU) extracted the data from studies through a
standardised data extraction sheet made in Microsoft Excel. We ex-
tracted the following information: title of the study, first author, year
of publication, study design, country and name of the hospital where
the study was performed, number of participants, sex, age, comor-
bidities, stratified sample data, mean or median NLR of the whole
sample and according to sample stratification, crude and adjusted

association measures, type of outcome and its definition.

2.3 | Evaluation of study quality and publication bias

The quality of the studies was assessed with the NOS?? by two au-
thors. This tool evaluates the quality of published nonrandomised
studies and is based on three items: selection, comparability and
outcome/exposure. Each item has subitems, on which a star-based
score was assigned. Studies with scores > 6 were considered as hav-
ing a low risk of bias (high quality), scores of 4-5 as having a moderate

FIGURE 1 PRISMA 2009 flow diagram

)
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risk of bias, and scores < 4 as having a high risk of bias. Furthermore,
funnel plots and Egger's test were carried out to assess publication
bias; P values >.1 were considered as indicative of no publication

bias.

2.4 | Data synthesis and analysis

Statistical analyses were performed using Review Manager 5.3
(RevMan 5.3) (The Cochrane Collaboration, Copenhagen, Denmark).
Measures of association such as hazard ratio (HR) and relative risk
(RR) were converted into odds ratio (OR), which was the only as-
sociation measure used.33! OR, HR and RR adjusted were included
in the analysis as they were reported. In order to analyze continu-
ous NLR values, we used the Chinn's method.3? This method allowed
us to transform standardised mean differences to their equivalent
OR per study. Then we calculated the natural logarithm of the OR
(logOR) and its standard error (SE[logOR]) for each one of the studies.
The variables reported as medians and interquartile ranges (IQRs)
were converted into means and standard deviations (SD), respec-
tively. The mean was estimated by the formula x = (a + 2m + b)/4
using the values of the median (m), P25 and P75 (a and b, respec-
tively). Likewise, the SD was estimated using the following formula:
SD = 1QR/1.35.%33

The heterogeneity of the studies in the measure of the effects
was evaluated using the I? statistics. Values greater than 60% were

Medline, Scopus, WHO COVID-19 Global Research

Identification

[

)

Eligibility Screening

Included

Records identified through PubMed, Embase, Ovid

Database, Scielo, LILACS, Cochrane Library,
medRxiv, ScienceDirect, SpringerLink and CNKI
databases.

(N =925)

Records after duplicates removed
(n =483)

A 4

Records excluded
(n =365)

Records screened R
(n=483) e

!

Full-text articles assessed

Full-text articles excluded,

for eligibility > with reasons
(n=118) (n=57)
l © Wrong study design (n = 28)
© Outcome not reported (n=12)

o Wrong population (n=3)
o X o Patients were not exclusively
qualitative synthesis older than 18 years (n=8)
(n=61) o Data duplication (n=2)
l o Group imbalance (n=4)

Studies included in

Studies included in
quantitative synthesis
(meta-analysis)
(n=61)
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Odds Ratio
IV, Random, 95% CI

Odds Ratio
IV, Random, 95% CI

Study or Subgroup  log[Odds Ratio] SE Weight
Al-Ping Yang 2.28 0.46 2.5%
Asan A 3.058 0.3571 2.9%
Bashus L 21668 0593 2.0%
Bennouar S 1.7376 0.2124 3.5%
Changzheng Wang 344 0.7a 1.5%
Chen Chen 1.2489 0.4248 2.6%
Cheng B 1.2308 01755 3.6%
Cheng Xi 0.94 0.37 2.9%
Chuan Qin 1.21 n.1a 3.6%
Feng £ 28236 05264 2.2%
Fengjun Liu 1.32 0.46 25%
Gong J 21539 0.3879 2.8%
Gormez S 2715 0.3232 3.0%
Glner R 0.362 0.2863 3.2%
Hou K 0.65 0.62 1.9%
Hu Haifeng 1.448 0.591 2.0%
Jianhong Fu 3.8657 0.5 2.0%
Lei Liu 2.8055 0.24493 3.3%
Li Long 1.09 0.36 2.9%
LianJ 1.4842 0.2863 3.2%
LiaoD 1.3213 0.2124 3.5%
OkF 1.7919 0.3325 3.0%
Qun s 0.6154 0.3325 3.0%
Ruchong Chen 1.86 018 3.6%
Shaoping Huang 2.8 0.36 2.9%
Shis 2353 0434 2.6%
Song CY 1.3032 0434 2.6%
Suyu Sun 281 0434 26%
VWeifeng Shang 1.6652 0.1939 3.6%
¥iaomin Luo 2.0634 0.2309 3.4%
Hintian Xia 0905 04617 2.5%
Xiurong Ding 1.9186 0.5449 2.2%
Hue G 1.6833 0.3602 2.9%
Yafei Zhang 245159 0.4156 2.7%
Yue-Ping Liu 1.0498 0.44 2.6%
Zhichao F 21177 05172 2.3%
Total (95% CI) 100.0%

9.78[3.97, 24.08]

211201049, 42.52]

8.73[2.73,27.92]
568 [3.75, 8.67]

3119717, 135.64]

3.49[1.52, 8.02]
3.42[2.43, 4.83]
2.56[1.24, 5.29]
3.35 [2.36, 4.77]
16.54 [B.00, 47.24]
374 [1.52,8.22]
8.62[4.03, 18.43]
16,10 [8.02, 28.46]
1.44[0.82, 2.52]
1.82 [0.57, 6.46]
4.25[1.34,13.55]

3536 [11.10,112.62)
16.54 [10.14, 26.95]

2.97 [1.47,6.02]
4.41[2.52,7.73]
3.75[2.47, 5.68]

B.00[3.13,11.51]
1.85 [0.96, 3.55]
B.42 [4.51,9.14]
16.44 [8.12, 33.30]
10.52 [4.49, 24 62
3.68[1.57, 8.67]
18.36 [7.84, 42.99]
5.29 [3.62, 7.73]
7.87 [5.01,12.38]

2.47 [1.00, 6.11]
B.81 [2.34, 18.87]
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FIGURE 2 (A)Association of NLR and COVID-19 severity. (B) Subgroup analysis according to study design of the association between
NLR and severity in COVID-19 patients. (C) Subgroup analysis according to the origin country of the association between NLR and severity
in COVID-19 patients. (D) Sensitivity analysis according to risk of bias of the association between NLR and severity in COVID-19 patients

considered as severe heterogeneity, 40%-60% as moderate hetero-
geneity and less than 40% as mild heterogeneity. The Cochran Q
test was also reported. A P value of <.05 was considered statisti-
cally significant. We conducted a random effects meta-analyses as
we anticipated that there was heterogeneity among studies. We
performed subgroup analyses by location of the study (Chinese vs
non-Chinese studies) and study design (cohorts, case-control stud-
ies) and reported the interaction test P value per subgroup analysis.
Finally, sensitivity analyses were performed only using the low risk
of bias studies.

3 | RESULTS
3.1 | Study selection

The flow diagram summarising the process of study retrieval is
shown in Figure 1. In the initial electronic search, a total of 925
records were found. After excluding duplicate studies, 483 stud-
ies were preserved. Subsequently, during the evaluation of titles
and abstracts, 365 more records were excluded. Finally, during the
full-text assessment, 57 articles were excluded as a result of group
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imbalance, outcome not reported, wrong population, or the patients
were not older than 18 years. Finally, 61 studies were selected for

the qualitative and quantitative syntheses.

3.2 | Study characteristics

The characteristics of the studies are presented in Table 13778

and in Supporting InformationTable $1.57%° For this systematic

review, 58 cohort studies and three case-control studies were in-
cluded, most of them conducted in China and 20 studies in other

countries. On the other hand, our primary outcome (severity) was

35-50

present in 36 studies, the secondary outcome (mortality)

was present in 28 studies,®’®

62,71,72

and three studies analysed both
outcomes.

There was a total of 15 522 patients within the studies, 53.74%
were men and age ranged from 22 to 81 years. Seven studies did

not present information about age. In 11 studies, the days elapsed
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for the development of severity, from the day of admission, were re-
ported, whose average was 5.64 days and ranged from 4 to 14 days.

The NOS was used for the quality assessment of the studies (see
Supporting Information Table S2). It was identified that 2 studies had
a high risk of bias, 21 studies had a moderate risk of bias and only 38
had a low risk of bias.

3.3 | Association of NLR with disease severity in
hospitalised COVID-19 patients

This association was evaluated in 36 studies (n = 7489). As shown
in Figure 2A, we found that higher NLR levels were associated with
higher odds of severity in patients with hospitalised COVID-19 di-
agnosis (OR 6.09; 95% Cl 4.82 to 7.71; P < .001). Because of severe
heterogeneity (1> = 79%, P < .001), subgroup analysis by study de-
sign (Figure 2B) did not change the main effects (cohorts: OR 6.33;
95% Cl 4.96 to 8.06; P < .001 vs case-control studies: OR 3.05; 95%
Cl 1.64 to 5.68; P = .53; interaction test P = .03). Likewise, the sub-

group analysis by country of origin (Figure 2C) showed differences

517 [4.31, 6.20]
Heterogeneity: Tau?= 0.10; Chi*= 52.65, df = 25 (P = 0.0010); F= 53% l
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between Chinese (OR 5.9; 95% Cl 4.63 to 7.53; P < .001) and non-
Chinese studies (OR 7.03; 95% CI 3.22 to 15.33; P < .001, interaction
test P < .68). In sensitivity analysis, which included only studies at
low risk of bias, the association between NLR values and severity
was still present (OR 5.17; 95% Cl 4.31 to 6.2; P < .001) with moder-
ate heterogeneity (1> = 53%, P < .001) (Figure 2D).

3.4 | Association of NLR with all-cause mortality in
hospitalised COVID-19 patients

This association was evaluated in 28 studies (n = 8033). As pre-
sented in Figure 3A, we found that higher values of NLR were
associated with higher odds of all-cause mortality in hospitalised
COVID-19 patients (OR 12.6; 95% Cl 6.88 to 23.06; P < .001) with
high heterogeneity of effects (1> =98%). The subgroup analysis by
country of origin (Figure 3B) showed that the strength of the as-
sociation between NLR and mortality was even higher in Chinese
studies (OR 26.94; 95% Cl 14.57 to 49.81; P < .001) with high het-

erogeneity (12 = 92%); whereas the association in the non-Chinese
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(A) Association between NLR and mortality in COVID-19 patients. (B) Subgroup analysis according to the origin country of the

association between NLR and mortality in COVID-19 patients. (C) Subgroup analysis according to study design of the association between
NLR and mortality in COVID-19 patients. (D) Sensitivity analysis according to risk of bias of the association between NLR and mortality in

COVID-19 patients

studies was very different compared with the main mortality anal-
ysis (OR 5.89 95% Cl 3.18 to 10.9; P < .001). There were differ-
ences between effects according to country of origin (interaction
test P < .001). Regarding the subgroup analysis by study design
(Figure 3C), both cohort (OR 12.51 95% Cl 6.73 to 23.27; P <.001)
and case-control (OR 15.1 95% CIl 9.07 to 25.14; P < .001) studies
revealed higher odds of mortality (interaction test P = .65). In the
sensitivity analysis of low risk of bias studies, there was moderate
heterogeneity (OR 10.42 95% Cl 7.73 to 14.06; P = .005; I? = 58%,
x? P =.005) (Figure 3D).

3.5 | Publication bias

There was no indication that there were small study effects for the
severity of disease (Egger's test P=.112) (see Supporting Information
Figures S4.A and S4.B).

4 | DISCUSSION
In the current context of the COVID-19 pandemic, an efficient, fast
and cheap method is required to determine the prognosis of patients
with COVID-19. Given the growing number of studies that estab-
lished NLR as a possible prognostic biomarker of severity and mor-
tality in patients diagnosed with COVID-19, we decided to carry out
a systematic review and a meta-analysis to consolidate the informa-
tion regarding this topic. The present meta-analysis incorporated a
total of 61 studies and found that high NLR values on admission day
were associated with progression towards severity and mortality.
The prognostic value of NLR has been studied and correlated

14-20 such

to multiple chronic, inflammatory and infectious diseases,
as community-acquired pneumonia (CAP), where NLR had a more
significant prognostic performance towards severity than other
markers such as white blood cell count, C-reactive protein, and

neutrophil count.”® Likewise, NLR has also been proven to predict
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30-day mortality in CAP with a positive predictive value of 100%
and a negative predictive value of 78%.77

The hemogram is usually altered in COVID-19 patients, being
higher in patients with severe illness compared with mild illness.”®
This could be reflected in the cohort study conducted by Wang
S. et al in COVID-19 patients where it was found that an increase
on NLR values was associated with severity (OR 8.56, 95% ClI,
1.39-52.61, P = .021) as we found in our study.”® The biological
mechanism by which these variations arise in the neutrophil and
lymphocyte counts has not been elucidated so far; however, sev-
eral possible explanations have been proposed. The first one is
based on the physiological relationship that exists between sys-
temic inflammation and stress with the appearance of neutrophilia
and lymphocytopaenia. The second possible explanation is based
on the depletion of the number of lymphocytes, especially CD4 +
and CD8 + T cells. These two agents have, as one of their func-
tions, the regulation of the immune system response against viral

infections. A low circulating number of these two lymphocytes

could cause a generalised dysregulation of the immune system,
especially of neutrophils. On the other hand, lymphocytopaenia
has been linked to lymphocyte exhaustion and to the ability of
SARS-CoV-2 to infect lymphocytes. Lymphocyte exhaustion oc-
curs in chronic inflammatory processes where there is a continu-
ous and excessive stimulation of T lymphocytes that causes their
exhaustion and therefore impairing their functions.*°°1% Allin all,
several of the latest prediction scores include NLR as part of their
prognostic variables.1%4

Two meta-analyses have previously been published where the
prognostic value of NLR was analysed in patients diagnosed with
COVID-19, the first one by Lagunas-Rangel'®® and the second one
by Xudong Feng et al.® Despite the existence of these studies, it
was necessary to carry out a systematic review exclusively about the
neutrophil-lymphocyte ratio because the previous studies presented
an exceedingly small number of studies incorporated in the meta-
analysis (only five and six studies, respectively). Moreover, they used

few databases for the literature search, and they did not perform
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% Cl IV, Random, 95% Cl
1.9.1 Cohort studies
Abrishami A 1.7738 04987 3.4% 5.89[2.22, 15.66]
Ahvaz A 3.6381 07203 31% 38.02[9.27,156.00]
Alessandro G 1.0679 0.3971 3.5% 2.91[1.34,6.34] —
Arifputra J 245702 040863 3.5% 13.07 [5.89, 28.98] =
Asghar M 1.9005 0.4525 3.5% 6.69 [2.76,16.24] E—
Chen Chen 245521 05449 3.4% 12.83[4.41,37.34) —
Chen Lein 36743 01478 37% 39.42 [29.51, 52.67) e
Conés-Tellés A 1.6652 0.2108 3T7T% 5.29[3.50, 7.99)] -
Danielle Tatum 0138 0.0603 AT7T% 1.15[1.02,1.29)] I5
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Guo J 20272 03513 36% 759([3.81,15172] =
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Laguna-Gova R 40001 0.253 3.6% 54 60 [33.26, 89.66) e
Lingli Li 2.896 04802 3.4% 18.10[7.06, 46.39] =
Micholson © 0.8507 01054 3T7% 2.34[1.90, 2.88] -
Pakos | 1.2489 02178 3T% 3.49[2.28 5.34] =
Rabia Bas 2.6969 023849 37% 14.83 [9.29, 23.69] =
Ruchong Chen 3.3304 022186 37% 27.895[18.10,43.15] -
Wang Ruaran 41268 02038 37% 61.98 [41.57, 92.41] =
Wang Xue 6.1178 05059 3.4% 45387 [168.39,1223.35) —
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Subtotal (95% Cl) 96.4% 12.51 [6.73, 23.27] e
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Test for overall effect: £=7.98 (P < 0.00001)
1.9.2 Case-Control studies
Doganci S 2715 0.26 36% 1510 [9.07, 25.14] —
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Test for overall effect: Z=10.44 (P = 0.00001)
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Test for overall effect: £=8.21 (P < 0.00001)
Test for subagroup differences: Chi*= 021, df=1 (P=065), F=0%
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FIGURE 3

the sensitivity analysis, which allows identifying possible sources of
heterogeneity. Specifically, in the article done by Lagunas-Rangel, a
heterogeneity of 96, 45% was reported, and despite this, it was con-
cluded that there was an association between the NLR and the pro-
gression to severity. This is an error since high variability suggests
that studies should not be combined in a meta-analysis.

Our meta-analysis contribution was to perform a conversion
from the mean difference to a more reliable measure of effect,
such as OR through Chinn's method.3? This conversion allowed us
to include those studies that have no continuous values for NLR.
In our sensibility analysis, the moderate/high risk of bias studies
was possibly the primary source of heterogeneity. It is important
to emphasise this last point because the desire to produce scien-
tific knowledge that helps guide therapeutic decisions during the
pandemic has caused studies to be carried out in an expeditious

manner, often by personnel with little methodological knowledge

and without adequate advice.'® This has resulted in a low-quality
scientific production that has been reflected in the present study
since 23 of the 61 studies analysed have a moderate to high risk

of bias.

4.1 | Limitations

Our study has several limitations. First, our meta-analysis reported
high OR values and broad CI for both outcomes. This could be be-
cause of some small sample sizes and clinical diversity. When we did
the conversion, the values of the standardised mean differences,
which we use for the OR conversion, were very high, so that also
influences the high OR values. The broad CI could be explained by
some small sample sizes, so the effect is detected but has low preci-

sion. Second, all the incorporated studies in this systemic review,
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except for one, were developed in China, which do not allow a fair
ethnic comparison in COVID-19 patients. Third, we found high het-
erogeneity between the included studies, which was traced back
to the bad quality found in some publications. Finally, there was no
consensus among the articles analysed regarding the cutoff to de-
fine elevated NLR and the severity definition differed between some

studies that could lead to bias.

Adrian V. Hernandez

5 | CONCLUSIONS

In the presented systematic review and meta-analysis, the elevated
NLR values were clearly associated with the development of severity
and mortality in patients diagnosed with COVID-19. Therefore, an
elevated NLR could be used as an early and easy prognostic param-
eter for severity and mortality in COVID-19 patients.
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