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Neutrophil-to-lymphocyte ratio is independently associated
with COVID-19 severity: An updated meta-analysis based on

adjusted effect estimates

As the current epidemic caused by coronavirus disease 2019
(COVID-19) progresses, prognostic markers that might be associated
with adverse outcomes of COVID-19 patients caught the research-
ers' attention. Neutrophil-to-lymphocyte ratio (NLR) is an easily ac-
cessible value that has been known to correlate with inflammation
and prognosis in several conditions. Recently, a meta-analysis by
Chan et al' have reported that higher levels of NLR were observed
in patients with severe COVID-19 compared with nonsevere disease
(standard mean difference (SMD) = 2.80, 95% confidence interval
(Cl): 2.12-3.48, P < .001). However, the findings of Chan et al'st study
were based on unadjusted effect estimates. Two other meta-analy-
ses on this topic also reported unadjusted effect estimates.?® It was
worth noting that a univariate analysis indicated that NLR was an
important risk factor significantly associated with COVID-19 sever-
ity. However, inconsistent conclusions were drawn from a multivari-
ate analysis.* For example, in the article of Zhang et al,* univariate
analysis showed that NLR was a risk factor for the disease sever-
ity of COVID-19 (odds ratio (OR) = 1.55, 95% Cl: 1.18-2.03), while
multivariate analysis demonstrated that NLR was not significantly
associated with COVID-19 severity (OR = 1.17, 95% Cl: 0.85-1.60).
Similarly, Wang et al® reported that NLR was significantly associated
with COVID-19 severity in univariate analysis (OR = 1.44, 95% Cl:
1.23-1.68), but this significant association disappeared in a multivar-
iate analysis (OR = 0.99, 95% Cl: 0.97-1.01). Similar findings were
also observed in Wang et al's study.® This meant that various fac-
tors such as age, gender, and other confounders (such as diabetes,
hypertension, cerebrovascular diseases, and chronic obstructive
pulmonary disease, etc.)’”** might affect the association between
NLR and COVID-19 severity. So, an updated meta-analysis based on
published studies reporting adjusted effect estimates is needed to
clarify the association between NLR and COVID-19 severity.

This meta-analysis was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines. We carried out an electronic search
in PubMed, Web of Science, and EMBASE until October 23, 2020.
The following keywords were used: ((“COVID-19" or “2019-nCoV” or
“SARS-CoV-2” or “coronavirus disease 2019") and (“NLR” or “neutro-
phil-to-lymphocyte ratio” or “neutrophil/lymphocyte”) and (“clinical
progression” or “mortality” or “severity”)). Articles that reported the
relationship between NLR and COVID-19 severity (including severe,

critical, or mortal outcomes) using multivariate analysis model were

selected. Reviews, erratum, duplicated papers, comments, and arti-
cles reporting the relationship between NLR and COVID-19 severity
using univariate analysis model were excluded. Heterogeneity was
evaluated by I? statistic. The combined effect with 95% CI was es-
timated by fixed-effects model (I < 50% in heterogeneity test) or
random-effects model (I > 50% in heterogeneity test). We used
Begg's test and Egger's test to assess publication bias, and sensitiv-
ity analysis to evaluate the stability of our results. Subgroup analyses
by effect estimate, study design, sample size, country, and age were
also performed. We estimated the mean and standard deviation ac-
cording to Wan et al*?> when sample size, median, and interquartile
range (IQR) were provided. We used STATA 11.2 to conduct all cal-
culations, and P < .05 was considered significant.

The flow diagram of study selection is shown in Figure S1, and
the PRISMA checklist is shown in Table S1. Initially, 530 articles
were identified. After carefully reading titles, abstracts, and full
texts, 496 articles were excluded. Finally, 34 studies with 25 074
COVID-19 patients were included. The main characteristics of the
included studies are shown in Table 1. We observed that there
was a significant association between elevated NLR and an in-
creased risk for COVID-19 severity on the basis of adjusted effect
estimates (pooled effect = 1.12, 95% Cl: 1.08-1.16; 1> = 86.0%,
P < .001; random-effects model; Figure 1A). When the disease
outcomes were restricted to death, the significant association
between NLR and death among COVID-19 patients still existed
(pooled effect = 1.11, 95% Cl: 1.06-1.17; Figure 1B). We observed
consistent results in the subgroup analyses by effect estimates
(OR = 1.15, 95% Cl: 1.08-1.21 and hazard ratio (HR) = 1.12, 95%
Cl: 1.05-1.19; Table S2 and Figure S2), sample size (2500: pooled
effect = 1.86, 95% Cl: 1.29-2.68 and <500: pooled effect = 1.09,
95% Cl: 1.05-1.13; Table S2 and Figure S3), and age (260: pooled
effect = 1.23, 95% Cl: 1.14-1.32 and <60: pooled effect = 1.05,
95% Cl: 1.01-1.09; Table S2 and Figure S4). Further subgroup
analysis by countries indicated that the significant association be-
tween NLR and COVID-19 severity was found in China (pooled
effect = 1.11, 95% Cl: 1.07-1.16), Turkey (pooled effect = 2.56,
95% Cl: 1.65-3.95), and Spain (pooled effect = 1.83, 95% Cl:
1.13-2.96), but not in the USA (pooled effect = 1.38, 95% CI:
0.77-2.50), Italy (pooled effect = 1.38, 95% Cl: 0.97-1.97), or UK
(pooled effect = 1.02, 95% Cl: 0.98-1.06; Table S2 and Figure S5).
The subgroup analysis by study design showed that the significant
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Wang R 0.87(0.71,1.06) =24s
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FIGURE 1 (A)Forest plot of the
association between elevated NLR and

an increased risk for COVID-19 severity;
(B) forest plot of the association between
NLR and death among COVID-19 patients
when the disease outcomes were
restricted to death. * indicates combined
effects based on subgroups



LETTER TO THE EDITOR

International Journal of

association between NLR and COVID-19 severity was observed
in retrospective studies (pooled effect = 1.13, 95% Cl: 1.08-1.18),
but not in ambispective studies (pooled effect = 1.64, 95% Cl:
0.90-2.99) or prospective studies (pooled effect = 0.98, 95% Cl:
0.78-1.24; Table S2 and Figure Sé). Sensitivity analysis indicated
that our results were reliable and robust (Figure S7). Publication
bias was found in Egger's test (P < .001; Figure S8A), but not in
Begg's test (P = .906; Figure S8B).

It is worth noting that our research finally included 34 articles,
of which 25 were from China, 2 from Spain, 1 from Italy, 2 from the
USA, 2 from Turkey, and 2 from the UK. In particular, the only one
article originating from Italy presented that there was no significant
association between NLR and COVID-19 severity. In addition, two
articles originating from the USA presented statistically significant
results, but the final results were not statistically significant, which
may be due to high heterogeneity. Thus, our results should be ver-
ified by further meta-analyses based on a large number of sample
sizes from different countries.

However, there are still some limitations in our study. First, the
main disadvantage was that the adjustment factors were different
in the selected studies. Second, publication bias likely existed in
our current study as the P value was less than .001 in Egger's test,
although we tried to screen out eligible studies as possible as we
can. Third, different study designs have their own characteristics.
Prospective study can be used to verify the cause of diseases, but
it may take a long time to explore diseases' pathogenesis. In such
situations, a retrospective approach may be more fruitful, at least
in the interim. However, a main limitation of the retrospective
approach is the general frailty of information collected about the
past, especially the remote past. Most included studies are retro-
spective; thus, our results should be verified by further meta-anal-
yses based on a large number of prospective studies. Fourth, the
data on clinical treatment for COVID-19 patients in the included
studies were not available; thus, we could not address the effects
of clinical treatment on the association between NLR and COVID-
19 severity.

In summary, our findings demonstrated that elevated NLR was
an independent risk factor associated with COVID-19 severity.
Therefore, patients with elevated NLR should be given more atten-

tion to prevent further deterioration of the disease or even death.
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