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Abstract

Obijectives: This study was conducted to collect evidence that specified the role of demographic
findings (emphasizing age) and systemic inflammatory indicators in the coronavirus disease
2019 (COVID-19) and the outcome of disease which could help clinicians to predict mortality
and intensive care unit (ICU) admission of COVID-19 patients.

Design: A retrospective cohort study.

Setting (s): Tabriz, the capital city of the East Azerbaijan Province in northwestern Iran.
Participants: This retrospective cohort study involved analyzing the medical records of 311
COVID-19 patients from 22 July, 2020 to 22 August, 2020.

Outcome measures: The demographic, clinical, and laboratory data and outcomes such as
death, ICU admission, and discharge were extracted from medical records and electronic case
records.

Results: The analysis of collected data revealed that the average age of non-survivor patients
was 68.53 +14.68 which was significantly higher than that of survivor patients (59.30+16.44).
Furthermore, the comparison of data showed that ischemic heart disease (IHD), respiratory
diseases, hemoglobin, derived neutrophil-to-lymphocyte ratio (dNLR), NLR, platelet-to-
lymphocyte ratio (PLR), and lactate dehydrogenase (LDH) were higher in non-survivors and
ICU admitted patients than in survivors and non-ICU admitted patients. Moreover, multivariate
logistic regression analysis indicated that only hypertension (Odds ratio [OR]: 3.18, P=0.02)
is an independent risk factor of death in COVID-19 patients, and PLR (OR: 1.02, P=0.05),
hypertension (OR: 4.00, P=0.002), and IHD (OR: 5.15, P=0.008) were independent risk factor
of ICU admission in COVID-19 patients.

Conclusions: Elderly patients were at higher risk of death and ICU admission compared to
others. Further, demographic characteristics and systemic inflammatory indicators were
valuable factors for predicting mortality and ICU admission of COVID-19 patients. Collective
data regarding the role of demographic characteristics and systemic inflammation indicators
for predicting disease outcomes provide strong evidence for the clinical use of these indicators
prospectively.

Keywords: COVID-19, Aged patient, Blood cell count, Mortality, Intensive care unit, Patient
outcome assessment

*Corresponding Authors:
Zienab Nikniaz,

Email: Znikniaz@hotmail.com
and Hassan Amini,

Email: Hasanaminitbz@gmail.
com

Introduction

The coronavirus disease 2019 (COVID-19) shortly spread
around the world, and due to the considerable impact
of COVID-19 on people’s health worldwide, the World
Health Organization (WHO) declared ita pandemicon 11
March, 2020."* Although all ages are susceptible to being
infected with COVID-19, older patients with underlying

diseases were predisposed to several conditions of
comorbidity such as severe acute respiratory distress due
to diffuse alveolar damage with cellular fibro myxoid
exudates.” However, most patients are asymptomatic or
have mild upper respiratory tract symptoms. COVID-19
in some cases caused pneumonia that can be severe and
characterized by dyspnea, fever, cough, pulmonary edema,
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bilateral pulmonary infiltration, and acute respiratory
distress syndrome requiring comprehensive care.” The
restriction of hospital facilities such as mechanical
ventilators and intensive care unit (ICU) beds and the
presence of new mutations in the novel coronavirus that
may increase its pathogenicity have made COVID-19 be
considered a life-treating disease so far. Therefore, it is
critical to determine the risk factors present in the poor
prognosis and predictive indicators of a severe condition.

Since the outbreak, several studies have been
conducted to identify predictive factors associated with
poor prognosis of severe acute respiratory syndrome
coronavirus 2 and reported some indicators such as older
age, underlying disease (e.g., diabetes, cardiovascular
disease, and hypertension), gender, C-reactive protein,
interleukin-6, and D-dimer." %® Older age was identified
as a main risk factor for the severity of COVID-19
symptoms and signs and even as a risk factor for
mortality.” The neutrophil-to-lymphocyte ratio (NLR)
and platelet-to-lymphocyte ratio (PLR) have been recently
examined as prognostic indicators, and it has been
discovered that their increased levels might lead to a poor
prognosis in different diseases such as infectious disease,
malignant tumors, and inflammatory disorders.'*"
Recent investigations suggested that NLR and PLR are
valuable predictive factors for the severity and prognosis
of COVID-19 and the mortality of patients.'® However,
further investigations with a larger population are needed
to explore and confirm the levels of NLR and PLR in
predicting the hospital stay days, need for ICU, ICU stay
days, complementary interventions (e.g., mechanical
ventilation and the like), and severity and mortality of
COVID-19. In this study, we aimed to investigate whether
the NLR and PLR during hospitalization can help health
providers to predict the mortality rate and ICU admission

Assessed for Eligibility
(Only the laboratory-confirmed patients)
(n=311)

of hospitalized patients with COVID-19.

Methods

Patient Selection and Study Design

An initial sample of 311 consecutive patients’ medical
records with COVID-19 diagnosis from 22 July, 2020
to 22 August, 2020 were screened for possible inclusion
in the study. All the laboratory-confirmed patients were
admitted to Imam Reza and Sina Hospital in Tabriz (the
referral hospitals in the northwestern region of Iran).

The patients with hematologic disorders and any
active condition that could influence the blood cell count
were excluded. The exclusion criteria were patients
who received preoperative chemotherapy/radiotherapy
(n=8), patients with hematological or autoimmune
disease (n=12), and the lack of complete medical
records (n=41). Totally, 61 patients were excluded. The
enrollment process is presented in Figure 1. Only the
laboratory-confirmed patients (based on the diagnostic
criteria of WHO guidance) were enrolled in the analysis.

The demographic, clinical, and laboratory data and
outcomes of the patients were extracted from electronic
case records. All laboratory findings of the patients upon
admission were recorded. The primary parameters were
selected to analyze if patients die during hospitalization
or not, and if they need ICU stay or not. COVID-19
was diagnosed based on clinical presentations such as
respiratory symptoms, fever, findings of viral pneumonia
on computerized tomography, and/or positive COVID-19
polymerase chain reaction results based on the WHO
guidance.”

All patients had definite outcomes, including death,
discharge with ICU stay, and discharge without ICU.
The current study was approved by the Medical Ethics
Committee of Tabriz University of Medical Sciences (IR.
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Figure 1. The Flow Diagram for the Identification of Eligible Studies
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TBZMED.REC.1399.180).

Statistical Analysis

The normality of the data distribution was analyzed by
the Kolmogorov-Smirnov test. The continuous values
with normally distributed and skewed variables were
reported as mean (standard deviation) and median
(interquartile range), respectively. The categorical and
nominal variables were reported as frequency (%). The
comparison of the groups was made by the independent
test: for continuous variables by the Mann-Whitney U
test and for categorical variables by the chi-square test.
Logistic regression was used to analyze the risk factors
for ICU admission and death in COVID-19 patients
in univariate and multivariate models. The covariate
that was statistically significant in univariate analyses
candidates for inclusion in multivariate models.

The area under the curve (AUC), also known as
c-statistics, shows how much the model (predictive factor)
is capable of differentiating between groups (e.g., survivor
and non-survivor patients), and higher AUC reveals the
better performance of the model in distinguishing between
conditions.®® The receiver operating characteristic
(ROC) curve as an effective method of evaluating the
performance of diagnostic tests is defined as a plot of test
sensitivity versus its specificity.”’ AUC and ROC curve
were used to determine the diagnostic value of studied
parameters for death and ICU admission and also the
sensitivity, specificity, and best cut-off values. A P value
of less than 0.05 was considered significant. Then, SPSS
version 25 was used for statistical analysis.

Results

Demographic Characteristics and Initial Laboratory
Indices

A total of 250 patients were included, of which 58 (23.2%)
patients died during hospitalization and were considered
the non-survivor group, and the remaining 192 (76.8%)
patients were regarded as the survivor group. Among
the 250 consecutive patients with COVID-19 confirmed
diagnosis, 127 (50.8%) cases were admitted to ICU at least
for one day (the ICU admission group), and 123 were not
admitted to ICU (the non-ICU admission group). The
mean age of participants was 61.44 +16.47 years, and the
mean age of survivors was significantly lower than that
of non-survivors (P=0.001). Further, the mean age of
patients in the non-ICU admission group was significantly
lower than that in the ICU admission group (P=0.002).
In terms of underlying diseases, ischemic heart disease
(IHD) (P<0.001), respiratory disease (P=0.001), and
hypertension (P=0.05) were more frequently observed
in ICU admission and non-survivor groups. Moreover,
the frequency of hypertension was significantly higher
in ICU-admitted patients compared with non-ICU
admission cases (P=0.03). In addition, the leucocytes,
neutrophil, and lactate dehydrogenase (LDH) were
significantly higher in ICU admission and non-survivor

groups, whereas the level of hemoglobin and lymphocytes
were significantly lower in ICU admission and non-
survivor groups. The median level of NLR was 9.83 and
5.62 in the non-survivor and survivor groups, respectively
(P<0.001). Moreover, there were significant differences
in derived neutrophil-to-lymphocyte ratio (ANLR) and
PLR for non-survivors when compared to survivors. Data
analysis demonstrated a significant difference in NLR,
dNLR, and PLR that were higher in the ICU admission
group compared to the non-ICU admission group.
However, the platelet-to-white blood cell ratio (PWR)
was significantly lower in ICU-admitted patients. Table 1
presents the demographic data and clinical laboratory data
of hospitalized COVID-19 patients stratified by survival
and ICU admission status.

Univariate and Multivariate Logistic Regression Analysis
to Predict Survival and ICU Admission of COVID-19 in
Hospitalized Patients

Univariate logistic regression analysis indicated that all
variables in the initial comparison to predict death from
COVID-19 in hospitalized patients except for hemoglobin
(Odds ratio [OR]: 0.89, P=0.08) were statistically
significant in univariate logistic regression analysis.
Multivariate logistic regression analysis only revealed
hypertension (OR: 3.18, P=0.02) as an independent
mortality risk factor in hospitalized COVID-19 patients
(Table 2).

Logistic regression analysis was also conducted
for statistically different characteristics in the initial
comparison to predict the ICU admission of hospitalized
COVID-19 patients (Table 3).

Univariate logistic regression analysis showed that
all significant variables in the initial comparison were
still significant. Furthermore, multivariate logistic
regression analysis revealed that PLR (OR: 1.02, P=0.05),
hypertension (OR: 4.00, P=0.002), and IHD (OR: 5.15,
P=0.008) were independent risk factors of ICU admission
in hospitalized COVID-19 patients.

Calculated Cut-off Values of Laboratory Results to
Predict Death Rate and ICU Admission of COVID-19 in
Hospitalized Patients
We used ROC curve analysis to calculate optimal cut-off
values of laboratory results. Figure 2 depicts the result of
the ROC curve analysis of NLR, PLR, PWR, and dNLR for
predicting death in hospitalized patients with COVID-19,
and Table 4 shows the performance of studied indices for
predicting mortality rate in patients with COVID-19.
AUC of NLR (0.847, 95% confidence interval [CI]:
0.79-0.89, P<0.001), PLR (0.866, 95% CI: 0.81-0.91,
P<0.001), and ANLR (0.790, 95% CI: 0.73-0.84, P<0.001)
was significant for predicting the death of patients with
COVID-19.NLRIevel of 7.61, PLR level 0£202.7,and dNLR
level of 4.54 could significantly predict death in patients
with COVID-19 as optimal cut-off values. Moreover,
the highest sensitivity was related to PLR (91%), and the
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Table 1. Demographic and Clinical Laboratory Data of Hospitalized Patients with COVID-19 Stratified by Survival and ICU Admission Status

ICU Admission Status

Survival Status

Variables ICU Admission

Non-ICU

Non-survivors

- £ 1 - £
Total (N=250) (n=127) Admission (n=123) P Value Survivors (n=192) (n=58) P Value
Age (y), mean +SD 61.44£16.47 64.64+16.85 58.14+15.46 0.002 59.30+16.44 68.53+14.68 0.001
Gender n (%)
Male 144 (57.6) 73 (57.5) 71(57.7) 0.96 113 (58.9) 31 (53.4) 0.46
Female 106 (42.4) 54 (42.5) 52 (42.3) 79 (41.4) 27 (46.6)
Comorbidities n (%)
Hypertension 92 (36.8) 55 (43.3) 37 (30.1) 0.03 65 (33.9) 27 (46.6) 0.07
Diabetes 53 (21.2) 29 (22.8) 24 (19.5) 0.52 42 21.9) 11(19.0) 0.63
IHD 47 (18.8) 39 (30.7) 8 (6.5) <0.001 26 (13.5) 31 (36.2) <0.001
CKD 25 (10) 16 (12.6) 9(7.3) 0.16 18 (9.4) 7(12.1) 0.54
Respiratory diseases 26 (10.4) 19 (15.0) 7(5.7) 0.01 13 (6.8) 13 (22.4) 0.001
. 8300 9400 7000 9600 8000
WBC median (IQR) (5700, 11400) (6700, 12600) (5200, 10500) <0.001 (6775, 13450) (5325, 11200) 0.02
HB mean (SD) 13.10 (2.24) 12.89 (2.39) 13.46 (1.99) 0.04%* 12.68 (2.20) 13.28 (2.24) 0.03**
196 205 188 207 193
H X 3
PLT median (IQR)* 10 (155, 240 (164, 248) (153, 245) 012 (166 271) (155, 243) 014
. 6691 7953 5380 8014 6391
PMN median (IQR) (4429, 9591) (5650, 10720) (3860, 8307) <0.001 (5847, 11813) (4117,9211) 0002
. 995 880 1180 791 1065
LYMPH median (IQR) (845, 1341) (703, 1086) (980, 1489) <0.001 (628., 934) (898, 1426) <0.001
. 607 684 542 685 575
LDH median (1QR) (430, 598) (474.5, 1094) (414, 688) 0.001 (482, 1103) (422, 830) o0
. 6.62 2.77 4.70 9.83 5.62
NLR median (IQR) (4.45, 9.48) (6.48,11.16) (3.19, 6.60) <0.001 (8.14, 14.16) (3.82, 8.22) <0.001
. 4.48 2.11 3.46 5.97 4.0
dNLR median (IQR) (3.34, 6.37) (4.29, 7.36) (2.41, 4.64) <0.001 4.91,8.11) (2.93,5.73) <0.001
194.17 83.59 163.26 292.98 175.40
R medi . 001
PLR median (IQR) (148.41,238.31)  (189.13,271.69)  (133.28,193.25) 0001 (224.58, 35.61) (138.28,213.6) <000
24.28 9.02 26.86 21.81 25.66
PW ian (IQR 001 .
R median (IQR) (17.90, 32.56) (16.86, 29.87) (20.73, 35.34) 0-00 (16.79, 29.93) (18.14, 33.19) 0.06

Note. COVID-19: Coronavirus disease 2019; ICU: Intensive care unit; SD: Standard deviation; IHD: Ischemic heart disease; HB: Hemoglobin; WBC: white blood
cell; PLT: Platelet; IQR: Interquartile range; LYMPH: Lymphocyte; PMN: Polymorphonuclear; LDH: Lactate dehydrogenase; NLR: Neutrophil-to-lymphocyte ratio;
dNLR: Derived neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; PWR: Platelet-to-white blood cell ratio.

highest specificity was related to NLR (72%).

Based on ROC curve analysis (Figure 3 and Table 5),
AUC of NLR (0.808, 95% CI: 0.75-0.86, P<0.001), PLR
(0.771, 95% CI: 0.71-0.83, P<0.001), and dNLR (0.773,
95% CI: 0.71-0.83, P < 0.001) was significant for predicting
the ICU admission of patients with COVID-19.

In addition, ROC curve analysis of PWR (0.373, 95% CI:
0.30-0.44, P=0.001) showed that the level of PWR can be
used as a predicting factor for ICU admission of patients
with COVID-19, and the lower level of PWR is related to
the higher probability of ICU admission. Moreover, the
optimal cut-off values for NLR, PLR, and dNLR were 6.22,
202.7, and 43.98, respectively, which could significantly
predict the ICU admission of patients with COVID-19.
Furthermore, the highest sensitivity was related to NLR
(81%), and the highest specificity was related to PLR
(79%).

Discussion
COVID-19 has elicited a rapid spread of outbreak

COVID-19
pneumonia oat the early stage was not extremely severe.
At the beginning of the severe stage, patients showed
severe pneumonia and passed away on 7-14 days.
Given that several controversial declarations about
predictive indices for COVID-19 severe illness have been
published so far, a necessary need for the prediction of
the progression chance of COVID-19 is felt, and more
investigations are pivotal in this regard. The analysis
of demographic data in our study revealed that the age
of surviving from COVID-19 was significantly lower
compared to non-survivors. Similar to our results, several
reports from previous investigations revealed that disease
severity was significantly related to age.?** Romero Starke
et al” conducted a systematic review and meta-analysis
and found that the risk of in-hospital and case mortality
increases per age by 5.7% and 7.4%, respectively, while
the risk of hospitalization increases by 3.4% per age.
However, there was no significant increased risk for ICU
admission by age. Likewise, Grasselli et al*® reported no

with human-to-human transmission.?> %

4 | International Journal of Aging, 2023, Volume 1



Predictive factors of COVID-19 patients’ outcomes

Table 2. Univariate and Multivariate Logistic Regression Analysis of Mortality Risk Factors of Hospitalized COVID-19 Patients

Univariate Model

Multivariate Model

Variables
OR 95% ClI P Value OR 95% Cl P Value

Age 1.03 1.01-1.05 0.001 1.004 0.99-1.03 0.79
Hypertension 1.70 0.93-3.08 0.08 3.18 1.17, 8.64 0.02
IHD 3.62 1.14-7.12 <0.001 2.60 0.84-7.99 0.09
Respiratory diseases 3.97 1.72-9.17 0.001 2.31 0.57-9.24 0.23
WBC 1.00 1.001-1.003 0.007 1.00 0.99-1.003 0.92
HB 0.89 0.77-1.01 0.08 0.96 0.77-1.18 0.71
PLT 1.00 1.00-1.00 0.006 1.00 1.00-1.00 0.71
LYMPH 0.99 0.99-0.99 <0.001 0.99 0.98-1.005 0.40
PMN 1.00 1.00-1.00 <0.001 1.00 0.99-1.003 0.86
LDH 1.00 1.00-1.00 0.05 1.00 1.00-1.00 0.64
NLR 1.50 1.33-1.70 <0.001 1.44 0.61-3.36 0.39
dNLR 1.44 1.26-1.64 <0.001 0.82 0.41-1.64 0.58
PLR 1.01 1.01-1.02 <0.001 0.99 0.98-1.01 0.84
PWR 0.98 0.95-1.01 0.33

Note. COVID-19: Coronavirus disease 2019; OD: Odds ratio; Cl: Confidence interval; IHD: Ischemic heart disease; WBC: White blood cell; HB: Hemoglobin;
PLT: Platelet; LYMPH: Lymphocyte; PMN: Polymorphonuclear; LDH: Lactate dehydrogenase; NLR: Neutrophil-to-lymphocyte ratio; dNLR: Derived neutrophil-

to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; PWR: Platelet-to-white blood cell ratio; IQR: Interquartile range.

Table 3. Univariate and Multivariate Logistic Regression Analysis of Risk Factors for ICU Admission of Hospitalized COVID-19 Patients

Univariate Model

Multivariate Model

Variables

OR 95% CI P-value OR 95% ClI P-value
Age 1.02 1.00-1.04 0.002 0.99 0.96-1.02 0.58
Hypertension 1.77 1.06-2.99 0.03 4.00 1.69-9.48 0.002
IHD 6.39 2.83-14.31 <0.001 5.15 1.53-17.32 0.008
Respiratory diseases 2.91 1.17-7.20 0.02 2.08 0.50-8.68 0.31
WBC 1.77 1.06-2.99 0.03 1.00 0.99-1.002 0.58
HB 6.39 2.83-14.31 <0.001 0.88 0.73-1.05 0.16
PLT 2.91 1.17-7.20 0.02 1.00 1.000-1.000 0.96
LYMPH 1.77 1.06-2.99 0.03 1.00 0.99-1.003 0.94
PMN 6.39 2.83-14.31 <0.001 0.99 0.99-1.001 0.57
LDH 2.91 1.17-7.20 0.02 1.00 1.00-1.00 0.19
NLR 1.63 1.43-1.86 <0.001 1.06 0.53-2.14 0.85
dNLR 1.64 1.40-1.93 <0.001 1.08 0.58-2.02 0.78
PLR 1.02 1.01-1.03 <0.001 1.02 1.00-1.01 0.05
PWR 0.97 0.94-0.99 0.01 0.91 0.79-1.04 0.18

Note. COVID-19: Coronavirus disease 2019; OD: Odds ratio; Cl: Confidence interval; IHD: Ischemic heart disease; WBC: White blood cell; HB: Hemoglobin;
PLT: Platelet; LYMPH: Lymphocyte; PMN: Polymorphonuclear; LDH: Lactate dehydrogenase; NLR: Neutrophil-to-lymphocyte ratio; dNLR: Derived neutrophil-
to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; PWR: Platelet-to-white blood cell ratio; ICU: Intensive care unit.

age differences between COVID-19 patients admitted to
ICU compared to the general positive population.
Recently, it has been documented that the NLR level,
as a novel inflammatory index, is an early risk factor for
the prediction of ICU admission rate and the severity of
CODID-19 disease.””** As hypothesized in recent studies,
patients with age > 50 and NLR > 3.13 are considered
severe cases, and they should be bedridden in ICUs.*
Furthermore, another study revealed that the decrease
in lymphocyte count indicates the disease progress.’> A
large body of scientific literature has declared that blood
lymphocyte and neutrophil-related indices may be a

potential predictor of this disease. For more validation of
this declaration, the present study evaluated these indices
in the Iranian population with COVID-19. In the recent
decay, the NLR index was considered a marker of the
severity of bacterial infections.”

In the current study, the data of 250 COVID-19 patients
were analyzed, and the laboratory indices were presented.
The results indicated that the NLR factor can be one of
the most significant factors in predicting severe disease.
In support of our finding, Liu et al*® compared NLR
with CURB-65 and MuLBSTA scoring systems. They
documented that NLR has higher AUC, sensitivity, and

International Journal of Aging, 2023, Volume 1 | 5
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Figure 2. The ROC Curve Analysis of NLR, PLR, PWR, and dNLR for Predicting Death in Hospitalized Patients with COVID-19. Note. ROC: Receiver operating
characteristic; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; PWR: Platelet-to-white blood cell ratio; dNLR: Derived neutrophil-to-
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Figure 3. The ROC Curve Analysis of NLR, PLR, PWR, and dNLR for Predicting ICU Admission in Hospitalized Patients with COVID-19. Note. ROC: Receiver
operating characteristic; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; PWR: Platelet-to-white blood cell
neutrophil-to-lymphocyte ratio; ICU: Intensive care unit; COVID-19: Coronavirus disease 2019

Table 4. The Performance of Studied Indices for Predicting Death in Patients with COVID-19

ratio; dNLR: Derived

Variables Cut-off AUC 95% CI P Value Sensitivity (%) Specificity (%)
NLR 7.61 0.847 0.79, 0.89 <0.001 84 72
dNLR 4.54 0.790 0.73, 0.84 <0.001 86 63

PLR 202.7 0.866 0.81, 0.91 <0.001 91 69.8
PWR 45.6 0.419 0.33, 0.50 0.06 8 96

Note. COVID-19: Coronavirus disease 2019; AUC: Areas under the curve; Cl: Confidence interval; NLR:

lymphocyte ratio; dNLR: Derived neutrophil-to-lymphocyte ratio; PWR: Platelet-to-white blood cell ratio.

Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-
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Table 5. The Performance of Studied Indices for Predicting ICU Admission in Patients with COVID-19

Variables Cut-off AUC 95% ClI P-value Sensitivity (%) Specificity (%)
NLR 6.22 0.808 0.75, 0.86 <0.001 84 72
dNLR 3.98 0.773 0.71,0.83 <0.001 85 61
PLR 202.78 0.771 0.71,0.83 <0.001 70 79
PWR 43.92 0.373 0.30, 0.44 0.001 5 95

Note. ICU: Intensive care unit; COVID-19: Coronavirus disease 2019; AUC: Areas under the curve; Cl: Confidence interval; NLR: Neutrophil-to-lymphocyte ratio;
PLR: Platelet-to-lymphocyte ratio; dNLR: Derived neutrophil-to-lymphocyte ratio; PWR: Platelet-to-white blood cell ratio.

specificity than the other two models. Recently, Yang et
al* have reported that increased NLR is an independent
prognostic factor that may affect disease progression in
COVID-19 patients. Our results were consistent with
previously published studies regarding the relationship
between NLR and COVID-19 progression. Based on
these findings, it can be hypothesized that the immune
response initiated by viral infection mostly depends
on lymphocyte,* whereas systematic inflammation
drastically suppresses cellular immunity, significantly
decreasing CD4 + T lymphocytes and increasing CD8 + T
lymphocyte.*® Another possible mechanism for the
reduction of lymphocytes in COVID-19 infection is
that lymphocytes are the target of the virus because the
angiotensin-converting enzyme 2 receptor of the virus is
expressed on lymphocytes, t00.>* % On the other hand,
neutrophilia may stem from the cytokine storm initiated
by virus infection.*® ** Thus, virus-related inflammation
escalates the NLR factor.

In this study, the optimal cut-off values for NLR, PLR,
dNLR, and PWR were obtained via the ROC curve. The
optimal threshold of 7.61 for NLR showed a prognostic
possibility of the mortality rate of disease. The highest
level of AUC for predicting death in COVID-19 patients
was related to PLR (0.866) with a sensitivity of 91% and
specificity of 69%. Moreover, our analysis publicized
that along with NLR, PLR, and dNLR may also be used
as a predictive value for identifying subjects needing
ICU admission. Recent investigations displayed that
the authentication of PLR is required.” In the present
study, the optimal threshold value of PLR was identified
with the highest sensitivity (91%) with an acceptable
specificity (69.8%). The AUC of NLR achieved the highest
value (0.808) at the optimal cut-off point to predict ICU
admission (sensitivity and specificity of NLR is 84% and
72%, respectively). Our outcomes are similar to previous
studies, and a higher NLR value signifies a predictive
factor for the severity of COVID-19. Along with the NLR
factor, we observed the optimum AUC, sensitivity, and
specificity of the threshold value of dNLR (0.773, 85%,
and 61%, respectively) and PLR (0.771, 70%, and 79%,
respectively). According to our results, not only NLR
but also ANLR and PLR could have prognostic value for
predicting ICU admission in COVID-19 patients. The
useful application of NLR and PLR has been documented
in various diseases, including autoimmune disease,"
tumors,*> * bacterial pneumonia,* and secondary

pulmonary infectious diseases.”” It has been well-
documented that these indices could be able to predict
survival rate and the severity of the above-mentioned
diseases. However, the application of dNLR and PWR in
COVID-19 pneumonia was poorly reported. Based on our
study and recently published documents, it can be said
that NLR, PLR, Dnlr, and PWR indicate the progression
trend of COVID-19 and can be used as a prognostic value
for COVID-19 conditions.

The findings of the current study revealed that increased
NLR was an independent prognostic factor for patients
with COVID-19. Further, according to obtained values
of AUC, sensitivity, and specificity for dNLR, it could
be concluded that ANLR can be applicable for predicting
death and ICU bed management in COVID-19 patients.
Another finding of the current study is related to the
PWR index. In line with other scientific reports, our
obtained data showed that PWR has a reverse relation
with ICU admission and mortality rate from COVID-19.
Due to the huge medical and economic burden of
COVID-19, NLR and other novel parameters are simple,
fast, and economical to achieve from blood samples
compared to other factors such as interleukin-6, which
can assist clinicians recognize the severely ill patients
with COVID-19.% Although the prognostic value of NLR,
PLR, and dNLR factors has been documented recently in
COVID-19 patients, the present study further approved
these prognostic factors in the Iranian COVID-19
population.

The current study has a number of limitations. First, it
is a retrospective study in the northwest of Iran, and the
results havelow external validation; therefore, more studies
in other centers are required to achieve more acceptable
results. Second, different physicians contributed to the
process of patients’ management during hospitalization
which may affect the outcome of COVID-19 patients due
to different treatment approaches. Therefore, it seems
that the implementation of prospective cohort studies
involving more patients would allow more reliable clinical
conclusions.

Conclusions

In conclusion, this retrospective cohort study declares
that age and the NLR, PLR, PWR, and dNLR are valuable
factors for predicting ICU admission and mortality rate
of patients with COVID-19. Due to the restriction of
hospital facilities, the early identification of patients
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with a higher risk for progression and further need for
ICU admission is important. Monitoring of COVID-19
severity predictors could help clinicians to recognize and
follow up these patients. Further research is required to
authorize our findings in other cohort studies and to
associate the predictive potential of NLR and other novel
parameters.
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