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Abstract
Neutrophil and lymphocyte ratio (NLR) has emerged as a prognostic marker in intensive care. This study
aimed to associate high NLR values with COVID-19-associated diseases and mortality among critically ill
patients. A cross-sectional study encompassing 189 critically ill patients with COVID-19 was performed.
Crude model and adjusted (1- age; 2- sex; 3- kidney failure, diabetes, obesity, hypertension, sex, and age)
modes were used. Participants with NLR ≥10.6 were older than those with NLR <10.6 (p < 0.001). The
number of deaths (37 vs. 18, p = 0.001) and patients with kidney failure (30 vs. 20, p = 0.045) were higher
for NLR ≥10.6 than NLR <10.6. NLR ≥10.6 was associated with higher number of deaths for the crude
model (OR: 3.10 [95%CI:1.60-6.01], p = 0.001), age-adjusted (OR: 2.62 [95%CI:1.32-5.20], p = 0.006) and
sex-adjusted (OR: 2.97 [95%CI:1.52-5.78], p = 0.031), as well as in the fully-adjusted model (OR: 2.48
[95%CI:1.21-5.08], p = 0.013), when compared to NLR <10.6. Older adults (≥60y) had an OR of 2.61
(95%CI:1.26-5.39, p = 0.010) for mortality compared to adults (≤59y), and the same value was found for
the model adjusted for sex (OR: 2.61 [95%CI:1.26-5.42], p = 0.010). Kidney failure was associated with
mortality for the crude model (OR: 2.58 [95%CI:1.30-5.11], p = 0.007), age-adjusted (OR: 2.09 [95%CI:1.02-
4.27], p = 0.044), and sex-adjusted (OR: 2.45 [95%CI:1.23-4.89], p = 0.011). In conclusion, high NLR is a
prognostic marker for mortality in severe COVID-19 and is associated with advanced age and kidney
failure.

1. Introduction
Neutrophils and lymphocytes are cells of the immune system that are part of the pathophysiological
process of many diseases, whose blood concentrations can be used to monitor hospitalized patients.[1–
4] Since neutrophils produce several pro-in�ammatory cytokines, high blood concentrations of
neutrophils are a harbinger of greater stress oxidative mainly in most vulnerable patients,[5–8] including
critically ill patients with Coronavirus Disease 2019 (COVID-19), by which excessive levels of reactive
oxygen species (ROS) are responsible for lung tissue damage, thrombosis, and red blood cell dysfunction,
thus entailing COVID-19 disease severity.[9] Regarding lymphocytes, the lower concentration, the higher
stress oxidative, given that a plethora of anti-in�ammatory cytokines (e.g., interleukin (IL)-4, IL-10, IL-13,
and interferon-gamma) is derived from lymphocytes.[10, 11] More importantly, lymphopenia is widely
recognized as a marker of poor survival outcomes and has been replicated in COVID-19 pandemic.[12]

In this light, neutrophil and lymphocyte ratio (NLR) has been evoked by massive research as a prognostic
marker of diseases linked to intensive care.[12–15] Given that the critical illness in COVID-19 remains a
current concern worldwide and that NLR merits further investigation as a prognostic marker in this regard
due to the lack of cutoff values, we carried out a cross-sectional study in an attempt to expand the
association between high NLR values and clinical characteristics and outcomes of critically ill patients
with COVID-19, including COVID-19-associated diseases and mortality.

2. Methods
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2.1. Study design and patients
A cross-sectional study was conducted in the Intensive Care Unit (ICU) specialized in the treatment of
COVID-19 at Hospital São Lucas (HSL), Rede D'OR – São Luiz, Aracaju/Sergipe, Brazil. This research is
a�liated with the Federal University of Sergipe and was approved by the local Research Ethics
Committee (nº 35128820.0.0000.5546.). All volunteers who agreed to be evaluated signed a consent
form.

Inclusion criteria were ≥18 years, patients of both sexes, COVID-19 diagnosis, and available neutrophil
and lymphocyte count. One-hundred (190) volunteers were enrolled, by which only one patient was
excluded due to the lack of neutrophil and lymphocyte count. The low number of exclusion occurred
mainly because the neutrophil and lymphocyte count are routinely markers ordered in the ICU. Clinical
and demographic variables were acquired directly by physicians or medical students under supervision
using medical records.

2.2. Biochemical analyses
Diagnosis of COVID-19 was detected by reverse-transcription PCR (RT-PCR), which was non-randomly
collected without contact with patients from electronic medical records. After venous blood collection
carried out by a phlebotomy specialist and ensuing centrifugation, the cytometric method based on laser
light scattering was used to obtain the leukogram values (normal range: 4,000-11,000 cell/mm3) from the
samples, thus extracting the neutrophil and lymphocyte counts to divide them in this sequence to
generate the NLR.

The variables collected for this article were: sociodemographic data (sex and age) and typical COVID-19-
associated diseases previous to COVID-19 diagnosis (hypertension, obesity, diabetes, and kidney failure).

2.3. Statistical analyses
ICU patients were categorized according to NLR cutoff (explained in the paragraph below). ICU discharge
or death were registered as the main outcome. We categorized the patients into adults (up to 59 years
old) or older adults (60 years and older). Sex was categorized as male or female, while obesity, diabetes,
and kidney failure as "no" or "yes". Categorical variables were described by means of absolute frequency
(N) and percentage (%). Continuous or discrete variables were de�ned with median and standard
deviation (SD).

We estimated the best NLR cutoff point for ICU hospital discharge or death by calculating the sensitivity,
speci�city, and area under the Receiver Operating Characteristic (ROC) curve. The signi�cance level was
set at 5%. The cutoff value was chosen based on the AUC value and a balance between speci�city and
sensitivity values. The next step was to dichotomize the NLR value according to the previous cutoff
selected. Differences between groups were tested with Pearson’s chi-squared test for categorical variables
and analysis of variance (ANOVA) for continuous.
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We performed the analyses for four models: crude, adjusted for age or sex, and fully-adjusted model
(kidney failure, diabetes, obesity, hypertension, sex, and age). Logistic regression was performed with a
con�dence interval of 95%, and the results presented as Odds Ratio (OR). P-values < 0.05 were considered
as signi�cant. We performed the analyses using Stata 15.1 (StataCorp, College Station, TX, USA).

3. Results
An NLR cutoff value ≥10.6 was chosen employing area under the curve (AUC) equivalent to 0.6551 ±
0.05 (95%CI:0.57-0.73), sensitivity of 67%, and speci�city of 60% (Figure 1). The sociodemographic and
clinical characteristics divided by NLR cutoff values are shown in Table 1. Participants with NLR ≥10.6
were older than those with NLR <10.6 (68.7 ± 13.5 vs 60.2 ± 17.6; p < 0.001), but without differences for
sex, prevalence of hypertension, obesity, and diabetes (p > 0.05). The number of deaths (37 vs. 18, p =
0.001) and kidney failure (30 vs. 20, p = 0.045) were higher for NLR ≥10.6, whereas lymphocytes,
neutrophils, and NLR were different between the groups (p < 0.001 for all).

Table 1
Socio-demographic characteristics and clinical characteristics of the patients according to the

neutrophils-lymphocytes ratio.
Variables NLR < 10.6

(n = 98)

NLR ≥ 10.6

(n = 91)

p-value

Age (years) 60.2 ± 17.6 68.7 ± 13.5 < 0.001

Sex n (%)      

Male 53 (54.0) 61 (67.0) 0.069

Female 45 (46.0) 30 (33.0)

Hypertension n (%) 56 (57.0) 60 (65.9) 0.215

Obesity n (%) 33 (33.7) 28 (30.8) 0.670

Diabetes n (%) 41 (41.8) 30 (33.3) 0.208

Death n (%) 18 (18.4) 37 (41.1) 0.001

Lymphocytes (mm3) 1490.5 ± 1825.4 649.4 ± 355.5 < 0.001

Neutrophils (mm3) 7128.7 ± 4026.0 11216.0 ± 5190.7 < 0.001

NLR 5.90 ± 2.6 20.9 ± 12.5 < 0.001

Kidney dysfunction n (%) 20 (20.4) 30 (33.3) 0.045

*Signi�cant differences between NLR categories are in bolt.

*Pearson's chi-squared test was used to test differences between categorical variables and ANOVA
test for continuous.
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Table 2 shows the association between sociodemographic and clinical characteristics for registered
deaths. Comparing to adults, older adults had an OR of 2.61 (95%CI:1.26-5.39, p = 0.010) for mortality.
The same value was found in the model adjusted for sex (OR: 2.61 [95%CI:1.26-5.42], p = 0.010). NLR
≥10.6 was associated with higher number of deaths for crude model (OR: 3.10 [95%CI:1.60-6.01], p =
0.001), adjusted for age (OR: 2.62 [95%CI:1.32-5.20], p = 0.006) and sex (OR: 2.97 [95%CI:1.52-5.78], p =
0.031), as well as in the fully-adjusted model (OR: 2.48 [95%CI:1.21-5.08], p = 0.013), when compared to
NLR <10.6. Furthermore, kidney failure was associated with mortality for crude model (OR: 2.58
[95%CI:1.30-5.11], p = 0.007), as well as models adjusted for age (OR: 2.09 [95%CI:1.02-4.27], p = 0.044)
and for sex (OR: 2.45 [95%CI:1.23-4.89], p = 0.011). Sex, hypertension, obesity, and diabetes were not
associated with higher NLR values or mortality in any analysis performed.
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Table 2
Association between socio-demographic characteristics and clinical characteristics of the patients with

ICU mortality (n = 55).
Variables OR

(CI95%)

Crude

p-
value

OR
(CI95%)

Adjusted
for age

p-
value

OR
(CI95%)

Adjusted
for sex

p-
value

OR
(CI95%)

Fully-
adjusted
model

p-
value

Age                

Adults Ref   -   ref   ref  

Older adults 2.61

(1.26-
5.39)

0.010 - - 2.61

(1.26-
5.42)

0.010 1.55

(0.65-
3.73)

0.323

Sex                

Female Ref   Ref   -   ref  

Male 1.73

(0.89-
3.37)

0.108 1.73

(0.88-
3.42)

0.112 - - 1.41

(0.69-
2.89)

0.343

Hypertension                

No Ref   Ref   ref   ref  

Yes 1.63

(0.83-
3.17)

0.154 1.12

(0.53-
2.36)

0.764 1.66

(0.85-
3.25)

0.140 1.08

(0.49-
2.38)

0.849

Obesity                

No Ref   Ref   ref   ref  

Yes 0.94

(0.48-
1.84)

0.849 1.08

(0.54-
2.17)

0.832 0.92

(0.47-
1.83)

0.820 1.07

(0.52-
2.21)

0.858

Diabetes                

No Ref   Ref   ref   ref  

*Signi�cant differences between NLR cutoff are in bolt.

*OR (Odds Ratio).

*Fully-adjusted model was adjusted for kidney dysfunction, diabetes, obesity, hypertension, sex, and
age.
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Variables OR
(CI95%)

Crude

p-
value

OR
(CI95%)

Adjusted
for age

p-
value

OR
(CI95%)

Adjusted
for sex

p-
value

OR
(CI95%)

Fully-
adjusted
model

p-
value

Yes 1.27

(0.67-
2.42)

0.462 1.01

(0.52-
1.98)

0.971 1.20

(0.63-
2.30)

0.583 1.16

(0.56-
2.39)

0.695

Neutrophils-
lymphocytes
ratio (NLR)

               

< 10.6 Ref   Ref   ref   ref  

≥ 10.6 3.10

(1.60-
6.01)

0.001 2.62

(1.32-
5.20)

0.006 2.97

(1.52-
5.78)

0.001 2.48

(1.21-
5.08)

0.013

Kidney
dysfunction

               

No Ref   Ref   ref   ref  

Yes 2.58

(1.30 –
5.11)

0.007 2.09

(1.02-
4.27)

0.044 2.45

(1.23-
4.89)

0.011 1.88

(0.89-
3.97)

0.099

*Signi�cant differences between NLR cutoff are in bolt.

*OR (Odds Ratio).

*Fully-adjusted model was adjusted for kidney dysfunction, diabetes, obesity, hypertension, sex, and
age.

4. Discussion
In this study, higher NLR was considered a prognostic marker of COVID-19 mortality in critically ill
patients, as observed in crude and adjusted models. More speci�cally, patients with higher NLR (NLR
≥10.6) had a 3.1 and 2.5 times greater likelihood of having COVID-19 mortality for the crude (OR: 3.10,
CI95% 1.60-6.01) and the fully-adjusted model (OR: 2.48, CI95% 1.21-5.08) compared to those with lower
NLR (NLR <10.6). However, it is noteworthy to mention that even the lower NLR mean (5.90 ± 2.6 for NLR
<10.6) in our study is an alarming rate if extrapolated to other populations, such as inpatients, given the
close link of these values with chronic low-grade systemic in�ammation (e.g., diabetes, obesity, and
cardiovascular and renal diseases).[16–19] The higher NLR mean (20.9 ± 12.5 for NLR ≥10.6) found
herein seemingly is related to an exceedingly high in�ammatory response to COVID-19-related critical
illness triggered by cytokine storm.[20–22]
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Higher NLR was associated with advanced age (crude analysis and sex-adjusted) and kidney failure
(crude analysis and adjusted for sex and age). Regarding advanced age, although the number of
circulating neutrophils is generally similar to young controls in the absence of infection,[23] increased
NLR is conceivable in virtue of immunosenescence related to reduced production and change in the
composition of lymphocytes, mainly CD4+ and CD8+ T cells and B lymphocytes.[24] Concerning the
relationship between higher NLR and kidney failure, it can be related to advanced immunoin�ammatory
activity in the nephrons accompanied by impaired glomerular �ltration barrier or impaired tubular
function, whose raised stress oxidative is present in both acute kidney injury and in chronic kidney
disease.[25, 26]

Recognizably, low lymphocyte count is a predictor marker of mortality in intensive care.[27–29] That said,
higher NLR due to low lymphocyte count would be expected to be in COVID-19 mortality, and we
con�rmed this clinical link by comparing patients with NLR > 10.6 vs. ≤ 10.6. Similarly, Ullah et al.
considered NLR >11 as a predictor of COVID-19 mortality when compared to <10, but did not perform
speci�c analyses to �nd an ideal cutoff point.[30] Noteworthy, the higher NLR mean (20.9 ± 12.5 for
patients with NLR ≥10.6) of our study was similar to the mean (20.7 ± 24.1) observed by Yang et al. for
critically ill patients with COVID-19, despite a low sample size (n = 24).[31] In contrast, some studies show
low mean or median NLR values (3.7 (2.0, 6.7) n = 28; [32] 4.24 (3.00-10.87) n = 16; [33] 6.29 ± 3.72, n =
16 [34]) for patients with severe COVID-19 if compared to our �ndings, but their sample size is insu�cient
to draw a reliable cutoff point.

A recent meta-analysis on COVID-19 patients showed that elevated NLR levels on admission were
associated with a risk 174% higher of having mortality (RR: 2.74, 95%CI 0.98–7.66).[35] The authors
emphasized the importance to establish an optimal cutoff value for NLR, and our study help in expanding
this background to clinical practice.[35] We considered the NLR cutoff of > 10.6 in order to maintain a
balanced sensitivity (67%) and speci�city (60%), avoiding very high levels or moderate levels that are
ubiquitously associated with myriad diseases, mainly cardiovascular diseases, and related metabolic
problems.

To the best of our knowledge, this is the �rst study that examined the association between NLR and
COVID-19-associated diseases and mortality in South America, bringing a representative sample of a
continental country like Brazil. The majority of research that analyzed this association was conducted in
Chine,[31–34, 36–40] with a couple of studies in the US[30, 41] and Europe (e.g. Turkey and Italy[42–45]),
in which high NLR was deemed as a prognostic marker of COVID-19-related mortality and overall severity.

Ultimately, it is should be highlighted the pros and cons of using NLR as a surrogate in�ammatory marker
in the clinical setting. Taking into account the bene�ts, NLR is a cheap parameter as it is obtained by two
components of the blood cell count (neutrophils and lymphocytes), which is perhaps the most ordered
laboratory test worldwide to monitor basic and advanced clinical conditions (e.g., anemias and cancers).
In contrast, attention to NLR per se as a marker of in�ammation pathophysiologically lacks
meticulousness, given the constellation of pro-in�ammatory cytokines that are part of COVID-19 disease.
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Given that cytokines are not often analyzed in the real-world scenario due to the bereft of laboratory tools
(reagents, kits, and machines) for the overall population and cutoff values to depict clinical
recommendation, NLR deserves consideration at least to guide practitioners.

In conclusion, high NLR values are a prognostic marker for mortality in critically ill patients with COVID-
19. In addition, higher NLR values are associated with advanced age and kidney failure in this population.
Thus, further attention to NLR is imperative in clinical practice as a cheap and useful tool to monitor
patients with COVID-19 in intensive care.
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Figure 1

Receive Operating Characteristic (ROC) curve analysis for neutrophil-lymphocyte rate (NLR) cutoff to
discriminate ICU outcome risk in COVID-19 patients


