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Abstract

Neutrophil and lymphocyte ratio (NLR) has emerged as a complementary marker in intensive care. This study aimed to
associate high NLR values with mortality as the primary outcome, and length of stay and need for invasive mechanical
ventilation as secondary outcomes, in critically ill patients with COVID-19. A cross-sectional study encompassing 189
critically ill patients with COVID-19 was performed. The receiver operating characteristic curve was used to identify the
best NLR cutoff value for ICU mortality (>10.6). An NLR >10.6, compared with an NLR < 10.6, was associated with
higher odds of ICU mortality (odds ratio [OR], 2.77; 95% confidence interval [CI], 1.24-6.18), ICU length of stay> 14
days (OR, 3.56; 95% CI, 1.01-12.5), and need for invasive mechanical ventilation (OR, 5.39; 95% CI, 1.96-14.81) in
the fully adjusted model (age, sex, kidney dysfunction, diabetes, obesity, hypertension, deep vein thrombosis, antibiot-
ics, anticoagulants, antivirals, corticoids, neuromuscular blockers, and vasoactive drugs). In conclusion, elevated NLR is
associated with high rates of mortality, length of stay, and need for invasive mechanical ventilation in critically ill patients
with COVID-19.
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Introduction

Neutrophils and lymphocytes are immune system cells that
are part of the pathophysiological process of many diseases,
whose blood concentrations can be used to monitor hospi-
talized patients [1-4]. Since neutrophils produce several
pro-inflammatory cytokines, high blood concentrations

< Heitor O. Santos

heitoroliveirasantos@gmail.com

Cristina G. M. Pereira
crisgama@bol.com.br

School of Medicine, Federal University of Uberlandia
(UFU), Para Street, 1720, Umuarama. Block 2H,
Uberlandia 38400-902, MG, Brazil

Postgraduate in Nursing, Federal University of Pelotas
(UFPel), Pelotas, Rio Grande do Sul, Brazil

Department of Medicine, Federal University of Sergipe
(UFS), Sergipe. Augusto Franco Avenue, 3500. Unit 134.
Aracaju — Sergipe, Aracaju, Sergipe, Brazil

Sdo Lucas Hospital — Rede D’OR (HSL), Aracaju, Sergipe,
Brazil

of neutrophils are indicative of increased oxidative stress
mainly in more vulnerable patients [5—-8], including criti-
cally ill patients with Coronavirus Disease 2019 (COVID-
19), in which excessive levels of reactive oxygen species
are responsible for lung tissue damage, thrombosis, and
red blood cell dysfunction, thus resulting in the COVID-
19 disease severity [9]. Regarding lymphocytes, the lower
the concentration, the greater the oxidative stress, given that
several anti-inflammatory cytokines (e.g., interleukin (IL)-
4, IL-10, IL-13, and interferon-gamma) are derived from
lymphocytes [10, 11]. More importantly, lymphopenia is
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widely recognized as a marker of poor survival outcomes
and was used in the COVID-19 pandemic [12].

The neutrophil and lymphocyte ratio (NLR) has emerged
through massive research as a complementary marker of
critical care-related disorders [12—15]. However, NLR mer-
its further investigation as a marker in severe COVID-19
due to the lack of cutoff values and therefore we performed a
cross-sectional study in this regard. The primary aim of this
research was to ascertain the association (or lack thereof)
between elevated NLR values and intensive care unit (ICU)
mortality in critically ill patients with COVID-19. In addi-
tion, associations between high NLR values with length of
stay and need for mechanical ventilation were considered as
secondary outcomes.

Methods
Study design and patients

A cross-sectional study was conducted in an ICU special-
ized in the treatment of COVID-19 at Hospital Sdo Lucas
(HSL), Rede D’OR — Sao Luiz, Aracaju/Sergipe, Brazil.
This research is affiliated with the Federal University of
Sergipe and was approved by the local Research Ethics
Committee (n° 35128820.0.0000.5546.). Volunteers or their
legal guardians 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 lympho-
cyte count. One hundred ninety volunteers were enrolled,
of which only one patient was excluded due to the lack of
neutrophil and lymphocyte count. The low number of exclu-
sions occurred mainly because neutrophil and lymphocyte
counts are routine markers ordered by critical care physi-
cians. Clinical and demographic variables were acquired
directly by physicians or medical students under supervi-
sion using medical records.

Biochemical analyses

The diagnosis of COVID-19 was detected by reverse-tran-
scription PCR (RT-PCR), which was collected non-ran-
domly, without the patient contact, from electronic medical
records. Peripheral blood collection with anticoagulants
was performed by a phlebotomy specialist and then aspi-
rated and injected into the analyzer.

More specifically, an automated hemocytometer (Sys-
mex XN-1500™) working on the flow cytometry principle
was used to count and categorize the types of white blood
cells by arranging these cells in a single file line, passing in
front of a laser beam, scattered light and fluorescent light.
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Ultimately, NLR was calculated by dividing the absolute
neutrophil count by the lymphocyte count.

Statistical analyses

We estimated the best NLR cutoff point for ICU death by
calculating the sensitivity, specificity, and area under the
Receiver Operating Characteristic (ROC) curve. The sig-
nificance level was set at 5%. The cutoff value was chosen
based on the area under the curve (AUC) and the balance
between specificity and sensitivity values. NLR > 10.6 was
the cutoff value chosen employing an AUC equivalent to
0.6551+0.05 (95% CI, 0.57-0.73) (Fig. 1).

Sex was categorized as male or female, while comorbidi-
ties (obesity, diabetes, kidney failure, deep vein thrombosis,
hypertension, respiratory failure, sepsis, etc.) and diarrhea
were categorized as “no” or “yes”. Categorical variables
were described through absolute frequency (N) and per-
centage (%), whereas continuous or discrete variables were
defined with median and standard deviation (SD).

Differences between groups were tested with Pearson’s
chi-squared test for categorical variables and Student’s
t-test for continuous variables. We performed the analyses
for crude and adjusted models. Model 1 included adjust-
ments for age, sex, kidney dysfunction, diabetes, obesity,
hypertension, and deep vein thrombosis. Model 2 included
adjustments for model 1 variables plus drugs (antibiotics,
anticoagulants, antivirals, corticoids, neuromuscular block-
ers, and vasoactive drugs).

Logistic regression was performed with a confidence
interval of 95%, and the results were presented as Odds
Ratio (OR). P-values < 0.05 were considered significant. We
performed the analyses using Stata 15.1 (StataCorp, College
Station, TX, USA).

Results
Demographic and clinical characteristics

Table 1 depicts demographic and clinical characteristics
divided by NLR cutoff values.

Regarding clinical data, participants with NLR>10.6
were older than those with NLR<10.6 and had a high
prevalence of kidney dysfunction. Moreover, a high need
for vasoactive drugs and invasive mechanical ventila-
tion, as well as a high mortality rate, was observed for an
NLR>10.6.

As far the biochemistry parameters, an NLR > 10.6 was
associated with low lymphocyte levels, along with high
C-reactive protein, leucocyte, neutrophil, NLR, and red
blood cell distribution width levels.
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Fig. 1 Receive Operating Characteristic (ROC) curve analysis for neutrophil-lymphocyte rate (NLR) cutoff to discriminate ICU mortality risk in

COVID-19 patients
Main outcomes

Table 2 shows the association between NLR and mortality
as the primary outcome. Table 3, in turn, shows the associa-
tion between NLR and secondary outcomes (i.e., length of
stay and invasive mechanical ventilation).

Collectively, an NLR >10.6 was associated with higher
odds of ICU mortality, length of stay, and invasive mechani-
cal ventilation in both crude and fully adjusted models com-
pared with an NLR < 10.6.

More specifically, patients with higher NLR had 2.77
(95% CI, 1.24-6.18), 3.56 (95% CI, 1.01-12.5), and 5.39
(95% CI, 1.96-14.81) more likely to have ICU mortality,
length of stay > 14 days, and need for invasive mechanical
ventilation, respectively.

Discussion

In this study, higher NLR (> 10.6) was considered a marker
associated with a high likelihood of ICU mortality, length
of stay, and invasive mechanical ventilation in critically
ill patients with COVID-19, compared to those with lower
NLR (<10.6). The higher mean NLR (20.6+12.3 for
NLR >10.6) found here seemingly is related to an exceed-
ingly high inflammatory response to COVID-19-related
critical illness triggered by a cytokine storm [16—18]. How-
ever, it is noteworthy to mention that even the lower NLR
mean (5.9 +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 this NLR level with chronic low-
grade systemic inflammation (e.g., diabetes, obesity, and
cardiovascular and renal diseases) [19-22].

Low lymphocyte count is a recognized predictor marker
of mortality in intensive care [23-25]. That said, a higher
NLR is expected in COVID-19 mortality due to low lym-
phocyte counts, and we confirmed this clinical link by
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Table 1 Demographic and clinical characteristics of the patients according to the neutrophils-lymphocytes ratio

Variables NLR<10.6 NLR >10.6 p-value
(n=99) (n=90)

Demographic data

Age (years) 60.4+17.6 68.7+13.6 <0.001
Sex n (%)

Male 54 (55) 60 (67) 0.069
Female 45 (45) 30 (33)

Body weight (kg) 78.3+16.2 80.9+28.2 0.241
Body mass index (kg/m?) 28.7+7.1 277453 0.706
Comorbidities

Hypertension (n, %) 56 (57) 60 (67) 0.215
Obesity (n, %) 33 (33) 28 (31) 0.670
Diabetes (n, %) 41 (41) 30 (33) 0.208
Deep vein thrombosis (n, %) 7(7) 13 (14) 0.094
Kidney dysfunction (n, %) 20 (20) 30 (33) 0.045
Clinical parameters

Diarrhea (n, %) 17 (17) 14 (16) 0.764
Heart rate (per minute) 90.3+18.7 92.5+19.7 0.219
Lung tissue damage (total volume, %) 0.864
<25% 22 (29) 23 (31)

25-50% 31 (40) 27 (36)

>50% 24 (31) 25(33)

SAPS3 (score) 12.6+11.9 13.7+12.8 0.277
Criteria for ICU admission 0.095
Respiratory failure (n, %) 75 (76) 78 (87)

Sepsis (n, %) 8(8) 303

Other reasons T (n, %) 15 (15) 7(8)

Biochemical parameters

(venous blood samples)

Albumin (g/L) 29+5.7 2.7+39 0.998
B-type natriuretic peptide (pg/mL) 2605.6 +£5213.2 3719.1+9503.6 0.195
C-reactive protein (mg/dL) 10.6 +13.9 14.8+11.4 0.014
D-dimer (ng/mL) 1825.4+1491.4 2135.1+1724.2 0.109
Hemoglobin (g/L) 122423 11.8+2.0 0.868
Hematocrit (%) 38.4+52 383+5.4 0.556
Leucocytes (mm?®) 9747.6£5615.5 12319.6 +£5788.2 0.001
Lymphocytes (mm?) 1490.5+1825.4 640.2+£346.4 <0.001
Neutrophils (mm?) 7124.1+4005.7 11267.4+5197.3 <0.001
NLR 59+2.6 20.6+12.3 <0.001
Platelets (cells/mcL) 237986.3 +120053.1 222277.2+102486.9 0.8310
Red blood cells (cells/mcL) 4370510.2+734339.3 4294157.3 +938855.5 0.733
Red blood cell distribution width 13.7+1.2 14.1+1.9 0.024

Arterial blood gas analysis

Bicarbonate (mEq/L) 243+5.4 234455 0.819
Lactate (mmol/L) 1.5+0.98 1.7+0.94 0.274
PaO, (mm Hg) 89.2+40.4 92.8+47.5 0312
pH 8.2+83 72404 0.844
SpO, (%) 89.2+40.4 92.8+47.5 0.312
Drugs

Antibiotics (n, %) 95 (96) 86 (96) 0.905
Anticoagulants (n, %) 88 (89) 80 (89) 0.983
Antivirals (n, %) 48 (48) 33 (37) 0.101
Corticoids (n, %) 69 (70) 72 (80) 0.096
Neuromuscular blockers (n, %) 18 (18) 19 (21) 0.634
Vasoactive drugs (n, %) 30 (30) 41 (46) 0.026
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Table 1 (continued)

Variables NLR < 10.6 NLR >10.6 p-value
(n=99) (n=90)

Demographic data

Outcomes

Death (n, %) 18 (18) 37 (41) <0.001

Length of stay (days) 36.2+7.2 31.9+2.7 0.7413

Invasive mechanical ventilation (n, %) 47 (47) 66 (73) <0.001

Significant differences between NLR categories are in bold

Pearson’s chi-squared test was used to test differences between categorical variables and the Student’s t-test for continuous variables

T Other reasons for ICU admission: acute abdomen (n= 1), arrhythmia (n=5), bronchopneumonia (n= 1), convulsive crisis (n=1), chest pain
(n=2), encephalopathy (n=1), femur fracture (n=1), heart failure (n=2), hypotension (n= 1), massive pulmonary embolism (n=1), multiple
organ dysfunction syndrome (n= 1), myocarditis (n= 1), puerperal sepsis (n=2), pulmonary edema (n= 1), decompensated diabetes (n=1)

Table 2 Association between NLR cutoffs with ICU mortality (n=55)

Statistical Models NLR < NLR>10.6, p-value
10.6, OR (95% CI)
Reference
Category
Crude 1 3.20 0.001
1.65-6.21
Model 1 1 2.50 0.013
1.22-5.14
Model 2 1 2.77 0.013
1.24-6.18

Significant differences between NLR cutoffs are in bold
OR (Odds Ratio)

Model 1: Adjusted for age, sex, kidney dysfunction, diabetes, obesity,
hypertension, and deep vein thrombosis

Model 2: adjusted for model 1 variables+drugs (antibiotics, antico-
agulants, antivirals, corticoids, neuromuscular blockers, and vasoac-
tive drugs)

comparing patients with NLR >10.6 vs. <10.6. Similarly,
Ullah et al. considered NLR > 11 as a predictor of COVID-
19 mortality compared to < 10, but did not perform specific
analyses to find an ideal cutoff value [26]. 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. in critically ill patients with COVID-19, [27]
which presented a smaller sample size (n=24) compared to
our data. In contrast, some studies show low mean or median
NLR values (3.7 (2.0, 6.7) n=28 [28]; 4.24 (3.00-10.87)
n=16[29];6.29 +3.72,n=16 [30]) for patients with severe
COVID-19 compared to our findings, but their sample size
is insufficient to draw a reliable cutoff value.

A recent meta-analysis of COVID-19 patients showed
that elevated NLR levels on admission were associated with
a 174% higher risk of mortality [31]. The authors empha-
sized the importance of establishing an optimal cutoff
value for NLR, and our study helped to expand this back-
ground into clinical practice [31]. We considered the NLR
cutoff > 10.6 to maintain a balanced sensitivity (67%) and
specificity (60%), avoiding very high or moderate levels

Table 3 Association between NLR cutoffs with ICU length of stay > 14
days (86 patients) and need for mechanical ventilation (113 patients)

Statistical Models NLR < NLR >10.6, p-value
10.6, OR (95%
Reference CI)
Category
Need for invasive mechanical ventilation (n=113)
Crude 1 3.83 <0.001
1.82-8.03
Model 1 1 4.82 <0.001
2.05-11.30
Model 2 1 5.39 0.001
1.96-14.81
ICU length of stay> 14 days for all patients (n=86)
Crude 1 1.95 0.173
0.75-5.11
Model 1 1 2.74 0.068
0.93-8.10
Model 2 1 3.56 0.048
1.01-12.5

Significant differences between NLR cutoffs are in bold
OR (Odds Ratio)

Model 1: Adjusted for age, sex, kidney dysfunction, diabetes, obesity,
hypertension, and deep vein thrombosis

Model 2: adjusted for model 1 variables +drugs (antibiotics, antico-
agulants, antivirals, corticoids, neuromuscular blockers, and vasoac-
tive drugs)

that are ubiquitously associated with many diseases, primar-
ily cardiovascular diseases and related metabolic problems.

Little is known about the association between NLR and
COVID-19-associated diseases and mortality in South
America, and thus our study provides an important finding
consisting of a representative sample from a continental
country such as Brazil. Most research evaluating this asso-
ciation has been conducted in China [27-30, 32-36], with a
couple of studies in the US [26, 37] and Europe (e.g., Tur-
key and Italy) [38—41], in which high NLR was deemed a
marker of COVID-19-related mortality and overall severity.

Our secondary outcomes (i.e., ICU length of stay and
invasive mechanical ventilation) must be discussed in more
detail. In different regions of England, the ICU length of
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stay was estimated at 12—-19 days [42]. Compelling Euro-
pean and American data show a mean ICU length of stay
between 7 and 21 days [43—46]. Interestingly, there are
reports of longer ICU length of stay, as found in a French
study, in which the mean time required for intensive care
was one month (27 days for those who survived and 45 days
for those who died) [47]. Here, we observed an ICU length
of stay close to one month (36.2+7.2 and 31.9+2.7 days
for NLR <10.6 versus >10.6). Thus, we selected an ICU
length of stay equal to or greater than two weeks to afford a
relevant outcome.

Although invasive mechanical ventilation is used to allow
adequate gas exchange, we consider it a critical outcome
due to its relationship with high morbidity and mortality in
patients with COVID-19 [48, 49]. On average, 59% of our
population required invasive mechanical ventilation [50].
Nevertheless, higher rates can also be observed, as reported
by a Brazilian study whereby ~ 84% of patients needed inva-
sive mechanical ventilation at ICU admission [50].

The present work has limitations. The cross-sectional
design does not infer a cause-effect relationship between
the NLR and medical outcomes in COVID-19. Thus, due
to the methodology employed, we did not perform survival
analysis since it is more suitable for studies designed to ana-
lyze time-to-event data (longitudinal studies) [51]. In light
of this, we used ORs as the measure of association rather
than Hazard ratios, the latter of which analyzes the impact
of an intervention on survival or time-to-event outcomes
[52]. Moreover, although we evaluated 189 patients, this
sample is from a single-center study and hence reproduc-
ibility ought to be interpreted with caution, even for criti-
cally ill patients with COVID-19.

Finally, the pros and cons of using NLR as a surrogate
inflammatory marker in the clinical setting must be high-
lighted. Considering the benefits, 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).
Pathophysiologically, however, attention to NLR per se as
a marker of inflammation lacks meticulousness, given the
plethora of pro-inflammatory cytokines that are part of the
COVID-19 disease. Taking into account that cytokines are
not often analyzed in the real-life scenario due to the lack of
laboratory tools (reagents, kits, and devices) and cutoff val-
ues for the general population, NLR deserves consideration
to guide practitioners.
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Conclusion

Elevated NLR values are associated with high rates of ICU
mortality, length of stay, and need for invasive mechanical
ventilation in critically ill patients with COVID-19. There-
fore, further attention to NLR is crucial in clinical practice
as an inexpensive and valuable complementary tool to mon-
itor patients with COVID-19 in intensive care.
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