o)

@v% diagnostics

Article

The Predictive Role of NLR, d-NLR, MLR, and SIRI in
COVID-19 Mortality

Cosmin Citu 1, Florin Gorun 1*©©, Andrei Motoc 2, Ioan Sas 1, Oana Maria Gorun

30, Bogdan Burlea 3,

Ioana Tuta-Sas *(¥, Larisa Tomescu 1, Radu Neamtu !, Daniel Malita * and Ioana Mihaela Citu °

check for
updates

Citation: Citu, C.; Gorun, E;

Motoc, A.; Sas, 1.; Gorun, O.M.;
Burlea, B.; Tuta-Sas, 1.; Tomescu, L.;
Neamtu, R.; Malita, D.; et al. The
Predictive Role of NLR, d-NLR, MLR,
and SIRI in COVID-19 Mortality.
Diagnostics 2022, 12,122. https://
doi.org/10.3390/diagnostics12010122

Academic Editor: Anna Baraniak

Received: 12 December 2021
Accepted: 4 January 2022
Published: 6 January 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Obstetrics and Gynecology, “Victor Babes” University of Medicine and Pharmacy Timisoara,
2 Eftimie Murgu Square, 300041 Timisoara, Romania; citu.ioan@umft.ro (C.C.); sasioan56@yahoo.com (L.S.);
tomescu.larisa@um(ft.ro (L.T.); radu.neamtu@umft.ro (R.N.)

Department of Anatomy and Embryology, “Victor Babes” University of Medicine and Pharmacy Timisoara,
2 Eftimie Murgu Square, 300041 Timisoara, Romania; amotoc@umft.ro

Department of Obstetrics and Gynecology, Municipal Emergency Clinical Hospital Timisoara, 1-3 Alexandru
Odobescu Street, 300202 Timisoara, Romania; oanabalan@hotmail.com (O.M.G.);
bogdanburlea@yahoo.com (B.B.)

Discipline of Hygiene, Department 14 Microbiology, “Victor Babes” University of Medicine and Pharmacy
Timisoara, 2 Eftimie Murgu Square, 300041 Timisoara, Romania; tuta-sas.ioana@um(ft.ro

Department of Radiology, “Victor Babes” University of Medicine and Pharmacy Timisoara, Eftimie Murgu
Square nr. 2, 300041 Timisoara, Romania; malita.daniel@umft.ro

Department of Internal Medicine I, “Victor Babes” University of Medicine and Pharmacy Timisoara, 2 Eftimie
Murgu Square, 300041 Timisoara, Romania; citu.ioana@umft.ro

*  Correspondence: gorun.florin@umft.ro

Abstract: (1) Background: Since its discovery, COVID-19 has caused more than 256 million cases,
with a cumulative death toll of more than 5.1 million, worldwide. Early identification of patients at
high risk of mortality is of great importance in saving the lives of COVID-19 patients. The study aims
to assess the utility of various inflammatory markers in predicting mortality among hospitalized
patients with COVID-19. (2) Methods: A retrospective observational study was conducted among
108 patients with laboratory-confirmed COVID-19 hospitalized between 1 May 2021 and 31 October
2021 at Municipal Emergency Clinical Hospital of Timisoara, Romania. Blood cell counts at admission
were used to obtain NLR, dNLR, MLR, PLR, SII, and SIRI. The association of inflammatory index and
mortality was assessed via Kaplan-Maier curves univariate Cox regression and binominal logistic
regression. (3) Results: The median age was 63.31 £ 14.83, the rate of in-hospital death being 15.7%.
The optimal cutoff for NLR, dNLR, MLR, and SIRI was 9.1, 9.6, 0.69, and 2.2. AUC for PLR and SII
had no statistically significant discriminatory value. The binary logistic regression identified elevated
NLR (aOR = 4.14), dNLR (aOR = 14.09), and MLR (aOR = 3.29), as independent factors for poor
clinical outcome of COVID-19. (4) Conclusions: NLR, dNLR, MLR have significant predictive value
in COVID-19 mortality.

Keywords: COVID-19; predictive; inflammation; mortality

1. Introduction

In December 2019, in Wuhan, Hubei Province, China reported cases of pneumonia
with an unknown virus [1]. Later, on 11 February 2020, ICTV (International Committee
on Taxonomy of Viruses) announced “severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2)” as the name of the new virus, and the disease was named by WHO (World
Health Organization) as “COVID-19" [2]. Due to a huge increase in the number of cases,
on 11 March 2020, WHO has officially declared a pandemic of COVID-19 [3]. Since its
discovery, the virus has caused more than 256 million cases, with a cumulative death toll of
more than 5.1 million, worldwide [4]. In Romania, more than 1.7 million confirmed cases of
COVID-19 and more than 56,000 deaths have been reported by December 2021, considering
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that the first confirmed case of COVID-19 in Romania was on 26 February 2020 [5,6]. The
main method by which COVID-19 is diagnosed is the detection of nucleic acid by real-time
polymerase chain reaction (RT-PCR) [7,8]. COVID-19 is an inflammatory disease caused
by SARS-CoV-2 and can manifest as various symptoms ranging from mild symptoms or
asymptomatic cases to severe pneumonia that can progress to acute respiratory distress
syndrome (ARDS) and death [9]. This disease has a three-phase progression: initial disease
caused by active infection, a second pulmonary phase, and, when severe, a third phase
described by hyper-inflammation, cytokine storm, elevated biomarker levels of cardiac
injury, and significant morbidity and mortality [10]. Serum biochemical analysis and blood
count analysis are commonly used blood tests, which could be faster, easier to use, and
low-cost techniques that can facilitate the diagnosis and prognosis of this disease [11]. From
these routine tests, inflammatory markers have been used for predicting the severity of
COVID-19 such as neutrophil to lymphocyte ratio (NLR), derivate neutrophil to lympho-
cyte ratio (ANLR), monocyte to lymphocyte ratio (MLR), and platelet to lymphocyte ratio
(PLR) [11,12]. NLR and PLR are biomarkers reflecting systemic inflammation, neutrophil
and platelet activation, and are associated with increased mortality in cardiovascular dis-
ease and poor prognosis in various cancers or in polycythemia vera [13-15]. In addition, a
higher NLR, and decreased PLR were predictive of poor survival in patients with myelofi-
brosis [16]. Derived neutrophil-to-lymphocyte ratio (ANLR) is a potential new biomarker
for systemic inflammation, defined as the absolute neutrophil count (ANC)/white cell
count (WBC)—absolute neutrophil count (ANC), and has prognostic value in patients
with several types of cancer [17-19]. Unlike NLR, dNLR includes monocytes and other
granulocytes by using the difference between WBC and neutrophils in the denominator.
Poorly differentiated and immature neutrophils can be released into a pro-inflammatory
environment, which rapidly increases neutrophil generation, thus dNLR is likely to reflect
this negative inflammation more comprehensively [17,19]. The systemic inflammatory
response index (SIRI) may also reflect the host’s immune and inflammatory balance [20].
In addition, systemic immune-inflammation index (SII), defined as platelet count x NLR,
is effective in reflecting inflammatory status, being a basic biomarker for predicting the
prognosis [12]. The current study assesses the utility of various inflammatory markers in
predicting mortality among hospitalized patients with COVID-19.

2. Materials and Methods
2.1. Study Design

A single-center retrospective observational study was conducted to assess inflamma-
tory biomarkers as prognostic for complications of COVID-19. This study was conducted
on patients admitted with COVID-19 at the Municipal Emergency Clinical Hospital of
Timisoara, Romania, between 1 May 2021 and 31 October 2021. The study was approved by
the Ethics Committee of the University of Medicine and Pharmacy “Victor Babes” Timisoara
(No. 22726 /17 November 2021).

2.2. Participants

Patients enrolled in the study met the following criteria: (1) diagnosed with COVID-19
according to the guidelines issued by the National Center for Surveillance and Control
of Communicable Diseases Romania, being tested positive for SARS-CoV-2 using real-
time reverse transcriptase-polymerase chain reaction (RT-PCR) on a nasopharyngeal swab;
(2) hospital admission from 1 May 2021, and 31 October 2021; (3) documented complete
blood count; (4) age over 18 years. Patients under 18 years old or having missing laboratory
data were excluded.

2.3. Variables, Data Sources, and Measurement

Data were extracted by three researchers from patients’ electronic medical records,
using a standardized data collection form. Demographic elements, clinical data, and lab-
oratory assessments collected were age, sex, and comorbidities, complete blood count
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on hospital admission, oxygen saturation in room air on admission, and length of hospi-
talization or days until hospital death. Systemic inflammation indexes were determined
from the initial complete blood count using the following formulas: NLR = absolute neu-
trophil count (ANC)/absolute lymphocyte count (ALC); dNLR = ANC/(WBC — ANC);
MLR = absolute monocyte count divided/ALC; PLR = absolute platelet count (APC)/ALC;
SII = (ANC x APC)/ALC; SIRI = (ANC x AMC)/ALC). The outcome of interest was
in-hospital mortality.

2.4. Statistical Analysis

Statistical calculations were performed using SPSS 20.0 software (SPSS Inc., Chicago,
IL, USA). Continuous variables were expressed as mean + standard deviation and the
comparison between them was performed using independent sample f-test. Categorical
variables were expressed in count and percentage and were compared using Fisher’s exact
test. The predictive performance of the indexes for death was assessed by estimating the
area under the curve and the corresponding of the receiver operating characteristic curve
method. The optimal cutoff values of inflammatory indexes were determined using the
Youden’s index. The association was estimated by a univariate Cox proportional hazards
model and binominal logistic regression.

3. Results
3.1. Participants Characteristics

A total of 108 patients diagnosed with COVID-19 were enrolled in the study and
followed up during hospitalization. The average hospitalization duration was 11.89 (SD:
6.56) days. The mean (SD) age of patients was 63.31 (14.83) years, and more than half
were men (51.9%). The overall number of in-hospital deaths was 17 (15.7%). Compared
to patients in the survivor cohort, in-hospital dead patients were significantly older, but
no significant difference was observed in terms of gender. The most common comorbidity
was hypertension (70.4%), followed by other heart diseases (47.2%) diabetes (46.3%), and
chronic lung disease (21.3%). Except for heart disease, there was no statistically signifi-
cant difference in the comorbidity frequency between surviving and dead patients. The
laboratory data of all patients on admission are shown in Table 1. Several variables were
significantly associated with poor outcomes, dead patients had lower lymphocyte and
platelet counts, and higher NLR, dNLR, MLR, and SIRI.

Table 1. Baseline characteristics and laboratory test results in 108 hospitalized patients with COVID-19.

Survivors Deaths
Total 91 (84.3%) 17 (15.7%) p Value
Age 63.31 + 14.83 62.02 + 14.73 70.18 + 13.83 0.03
(Mean + SD) : : : : : : :
Comorbidities

No. (%)

Diabetes 50 (46.3%) 40 (44.0%) 10 (58.8%) 0.29
Hypertension 76 (70.4%) 62 (68.1%) 14 (82.4%) 0.38
Heart diseases 51 (47.2%) 38 (41.8%) 13 (76.5%) 0.01
Chronic lung 23 (21.3%) 17 (18.7%) 6 (35.3%) 0.19

diseases

Complete blood
count
(Mean + SD)
White blood cell
(<1012 /1) 8.71 4+ 5.74 8.71 4+ 5.76 8.73 4 5.81 0.98
Neutrophil count 6.96 + 4.36 6.75 + 4.18 8.06 + 5.19 0.25

(x10%/L)
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Table 1. Cont.

Survivors Deaths

Total 91 (84.3%) 17 (15.7%) p Value
Lymphocyte count
(x10°/L) 0.98 + 0.78 1.03 £ 0.82 0.73 £ 0.44 0.03
Monocyte count
(x10°/1) 0.47 +0.32 0.47 +£0.32 0.51 +0.33 0.64
Hemoglobin 13.15+ 1.78 13.27 + 1.64 12,50 +2.36 0.10
(g/dL)
Platelet count
(x10°/L) 242 £+ 109 252 +£ 112 192 +£79 0.03
Inflammatory
markers
NLR 918 +6.7 8.31 £5.74 13.83 £9.23 0.001
MLR 0.58 +0.44 0.53 +0.39 0.83 + 0.59 0.01
PLR 327 £ 72 324 £ 219 345 £ 235 0.71
dNLR 516 +3.76 477 + 3.45 7.07 + 4.64 0.01
SIT 2280 + 1950 2183 + 1847 2798.+ 2429 0.23
SIRI 457 £5.12 411 +4.67 7.02 + 6.72 0.03
O, Saturation * 91.96 £ 6.16 92.26 + 5.96 90.35 + 7.13 0.24
Hospitalization 11.89 (6.56) 12.96 6.18 <0.001
length

* Room air oxygen saturation levels

3.2. Using Optimal Cut-Off Values of Inflammatory Markers to Predict Mortality in Patients
with COVID-19

Receiver operating characteristic (ROC) curves of NLR, dNLR, MLR, PLR, SII, and
SIRI were created to determine whether the baseline of these biomarkers was predictive
mortality in patients with COVID-19 (Figure 1). The areas under the curve (AUC) of NLR,
dNLR, MLR, SIRI were above 0.6 (Table 2). The optimal cutoff obtained from Youden’s
index is listed in Table 2. PLR and SII had AUC <0.6 (0.525 and 0.564 respectively) and no
statistical significance (p > 0.05) being excluded.

» Source of the

__j Curve
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—PLR
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SIRI
— dNLIX
Reference Line
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0.8
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L o1

0.27
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Figure 1. Receiver operating characteristic (ROC) curves of NLR, DNLR, MLR, PLR, SII, and SIRI in
predicting death, in patients with COVID-19.
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Table 2. Receiver operating characteristics (ROC) curves, prognostic accuracy of inflammatory

markers, and optimal cutoff.

95%
Confidence
Variables Area Std. Error Asymptotic Sig. Interval Sensitivity  Sensibility Cut-Off
Lower Upper
NLR 0.689 0.074 0.014 0.544 0.833 70% 67% 9.1
MLR 0.661 0.078 0.036 0.508 0.813 58% 74% 0.69
SIRIT 0.655 0.074 0.042 0.511 0.800 76% 52% 22
dNLR 0.652 0.082 0.047 0.491 0.813 41% 92% 9.6

Cum Survival

3.3. Association of Inflammatory Biomarkers Results with The COVID-19 Mortality

Kaplan—-Meier curves and the univariate Cox regression model were created, using
the established NLR, dNLR, MLR, and SIRI cutoff points. Mean survival time for COVID-
19 patients above the stated NLR, dNLR, MLR, and SIRI cutoff values were 18.2 days,
11.4 days, 17.1 days, and 19.5 days, respectively. In comparison, the mean survival time for
COVID-19 patients with bellow the stated NLR, dNLR, MLR, and SIRI cutoff values were
28.3 days, 26.5 days, 27.7 days, and 28.0 days, respectively (Figures 2 and 3). Differences in
survival for patients above the baseline reported NLR, dNLR, and MLR compared to those
below the baseline were highly statistically significant (p < 0.001 for each). However, the
differences in survival for patients with SIRI values above the stated cutoff compared to
those below the cutoff were not statistically significant (p = 0.05).

NLR Cut-off 1.0+ dNLR Cut-off
=1<9.1 —<9.6
—I1>9.1 =96
—-<9.1-censored ——<9.6-censored

~4+=>9.1-censored 084 ~}= =9 6-censored

—r—+—¢-—+~c—<—|_¢+
—t———t

Cum Survival

Log-Rank = 7.56 Log-Rank = 15.433

(a) (b)

Figure 2. Kaplan-Meier survival curves of hospitalized COVID-19 patients: (a) according to estab-
lished NLR cutoff values; (b) according to established dNLR cutoff values.

Furthermore, univariate Cox regression analysis showed that NLR, dNLR, and MLR
were independent predictors of in-hospital mortality (Table 3).

Additionally, multivariate logistic regression was performed to test the discrimination
ability of NLR, dNLR, MLR, and SIRI (above or below cutoff values) as prognostics factors
of mortality adjusted for age, comorbidities, COVID-19 severity, and sex. Results showed
an aOR of 4.77 for NLR above 9.1 of 14.09 for dNLR above 9.6 of 3.29 for MLR above 0.69
and 3.06 for SIRI above 2.2 (Table 4). The AUC for logistic regression models used are 0.788,
0.812, 0.779, and 0.763, respectively (Figures 4 and 5).
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Figure 3. Kaplan-Meier survival curves of hospitalized COVID-19 patients: (a) according to estab-
lished MLR cutoff values; (b) according to established SIRI cutoff values.

Table 3. Hazard ratios of the indexes obtained by univariate Cox regression analysis.

Variables HR (95%CI) p Value
NLR 3.85 (1.35-10.95) 0.01
dNLR 6.4 (2.40-17.18) <0.001
MLR 3.05 (1.16-8.05) 0.02

Table 4. The adjusted OR in each of the NLR, d-NLR, MLR and SIRI.

Variables Adjusted OR * p Value
NLR 4.14 0.002
dNLR 14.09 0.001
MLR 3.29 0.04
SIRI 3.06 0.08

* Adjustment for age, comorbidities, and sex. Each of NLR, MLR, dNLR, and SIRI were included in four different
models for aOR calculation.

g
=
k=]
]
=
a
]
0.4 ; 04+
. 027
T T T T 1 oo - T T T T 1
00 02 04 06 [1}:] 10 0o 02 04 06 08 10
1 - Specificity 1 - Specificity
(a) (b)

Figure 4. Receiver operating characteristic (ROC) curve for logistic regression models: (a) NLR
(above or below 9.1) as a prognostic factor of mortality adjusted to age, sex and comorbidities
index; (b) dNLR (above or below 9.6) as a prognostic factor of mortality adjusted to age, sex
and comorbidities.
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Figure 5. Receiver operating characteristic (ROC) curve for logistic regression models: (a) MLR
(above or below 0.69) as a prognostic factor of mortality adjusted to age, sex and comorbidities index;
(b) SIRI (above or below 2.2) as a prognostic factor of mortality adjusted to age, sex and comorbidities.

4. Discussion

This study reported data from 108 patients hospitalized with COVID-19 at the Mu-
nicipal Emergency Clinical Hospital Timisoara, Romania. Of these, 17 (15.7%) patients
died during hospitalization. COVID-19 is a more severe respiratory illness than seasonal
flu, resulting in about 5% of patients diagnosed with this condition requiring intensive
care hospitalization and about 3% dying [21]. In addition, Ana Macedo et al., showed
in a systematic review an overall 17% mortality rate for COVID-19 patients admitted to
hospitals [22].

Demographic data from our study show that COVID-19 patients who died were
significantly older compared to survivors. Similar to our results, several reports from
previous studies showed that disease severity was significantly related to age [23-25].
However, a study conducted in Italy showed no age differences between COVID-19 patients
admitted to ICU compared to the general positive population suggesting that age alone is
not a risk factor for ICU admission [26].

However, contrary to those found among patients in our cohort, several recent studies
have demonstrated that the presence of comorbidities, such as hypertension, diabetes,
respiratory disease, or cardiovascular disease, each increased the risk of progression to
severe illness [23,24,27]. In our study, only heart disease was associated with COVID-19
mortality in univariate analysis.

Regarding laboratory tests, several abnormalities have been reported in patients with
COVID-19, leukocytosis, lymphopenia, and increased neutrophil count being related to
disease severity [25,28-30]. Our data show no significant difference in mean leukocyte,
lymphocyte or neutrophil concentrations between surviving and dead patients.

However, many reports have identified NLR, dNLR, MLR as independent risk factors
for severe disease [8,11,25,28,31,32].

In our study, the cutoff points for NLR, dNLR, MLR and SIRI were observed using
the ROC curve. The optimal thresholds of 9.1, 9.6, 0.69, and 2.2 for NLR, dNLR, MLR, and
SIRI, respectively, showed a superior prognostic possibility for mortality with the highest
sensitivity and specificity on AUC.

NLR is related to systemic inflammatory status and disease activity and has prog-
nostic value in cardiovascular disease, autoimmune disease, tumors, and other infectious
diseases [33-35]. NLR is also included as a variable in a risk score to predict the occurrence
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of critical illness in patients with COVID-19, and some studies have identified its role in
discriminating severe disease and predicting mortality [8,11,25,31,32,36-38].

The results of the present study are concordant with the findings of these studies,
with NLR, dNLR, and MLR being predictors of mortality in patients with COVID-19, with
HR of 3.85, 6.4, and 3.05 on univariate Cox regression. Additionally, multivariate analysis
showed an adjusted OR of 4.14, 14.09, 3.29, 3.06 for NLR, dNLR, MLR, and SIRI. However,
contrary to what has been shown in other studies, in our study the AUC for PLR and SII
had no statistically significant discriminatory value. PLR has been used as a predictor
in various diseases, such as cardiovascular and autoimmune diseases [39]. In addition,
PLR on admission was found to be higher in severe COVID-19 compared to non-severe
cases, in some studies [39]. Furthermore, two studies found significant correlations of SII in
predicting mortality, being even superior to NLR or dNLR [25,40]. In addition, SIRI did
not show a statistically significant predictive value of COVID-19 mortality in our study,
contrary to those shown in other studies [25].

This paper has several limitations. First, the study has a retrospective design, and
the data were obtained from a single clinic. Second, the sample may not have been large
enough to assess the predictive performance of NLR, dNLR, MLR, PLR, SIRI, and SII for
death, as only 17 deaths were included in the analysis in this cohort. Furthermore, we
could not exclude the impact of some treatments before hospital admission on the outcome
of NLR, dNLR, MLR, PLR SIRI, and SIL

In conclusion, in this retrospective cohort study, NLR, dNLR, MLR determined at
hospital admission had a high value in predicting death among patients with COVID-19.
Future clinical research efforts should examine strategies to reduce the effects associated
with elevated levels of these indexes in order to improve treatment and reduce mortality.
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