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Abstract We aimed to evaluate the predictive ability of

hematological and inflammatory parameters for mortality

in COVID-19 patients. This was a retrospective study of

hospitalized COVID-19 patients over 18 years old between

March 2020 and May 2020. Patients were diagnosed to

have COVID-19 based either on chest computed tomog-

raphy findings or reverse transcriptase-polymerase chain

reaction test. Age, gender, chronic medical conditions, and

laboratory values including hemogram parameters (white

blood cell, neutrophil, lymphocyte, and platelet counts),

neutrophil to lymphocyte ratio, D-dimer, ferritin, fibrino-

gen, C-reactive protein, procalcitonin, prothrombin time,

activated partial thromboplastin time and the international

normalized ratio were recorded. Overall, we included 302

patients. Of these, 148 patients were male; the male to

female ratio was 0.961. The mean age of the entire study

cohort was 57.1 ± 17.6 years. The most common chronic

medical condition was hypertension (38.1%). Half of the

patients received low molecular weight heparin. During the

study period, 25 patients (8.2%) died. White blood cell

count and neutrophil count were significantly higher,

whereas lymphocyte count was significantly lower in the

deceased patients. The median neutrophil to lymphocyte

ratio was 11.6 in the deceased patients, it was significantly

higher than the surviving patients (p\ 0.001). The values

of C-reactive protein, procalcitonin, D-dimer, and ferritin

were significantly higher among the deceased patients.

Prothrombin time, activated partial thromboplastin time

and the international normalized ratio were significantly

longer in the deceased group compared with the surviving

group. Logistic regression analysis showed age[ 65 years,

neutrophil to lymphocyte ratio, activated partial thrombo-

plastin time, and hypertension as the independent predic-

tors of mortality. The rate of abnormal inflammatory and

hematologic-coagulation parameters increased with the

COVID-19 severity. Age [ 65 years, hypertension, acti-

vated partial thromboplastin time and neutrophil to lym-

phocyte ratio were the independent predictors of mortality.

Keywords Coagulation � COVID-19 � Inflammation �
Mortality � Neutrophil-to-lymphocyte ratio

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) infection, named coronavirus disease 2019

(COVID-19), created a pandemic [1]. One of the striking

features of COVID-19 was its systemic nature, although

the virus’s primary target was the respiratory tract. Many

patients, particularly the elderly and having comorbid

conditions, succumbed to multiorgan failure manifested

with laboratory and clinical dysfunction in several organ

systems, including heart, kidneys, coagulation system, and

others [2–4].

It is of crucial importance to be able to predict which

patients would develop a severe disease and which patients

would have a higher risk of death to allocate limited

resources better. To this end, several hematological and

biochemical (particularly inflammatory) parameters, as

well as presenting symptoms, have been examined to

understand their ability to predict the severity of disease

and mortality outcomes [2, 5–7].
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Hematological parameters, including peripheral blood

counts and coagulation tests, have become prominent in

predicting the severity of the COVID-19 from the outset.

Moreover, disseminated intravascular coagulation (DIC)

was common among non-survived COVID-19 patients [8].

Thus, hematological parameters are of significant impor-

tance for treatment decisions in severe COVID-19 patients.

Several hematological parameters have been reported to

be disturbed in patients with COVID-19, starting from the

disease’s early phases [9–12]. Besides, therapeutic antico-

agulation in high-risk patients proved to be effective in

reducing mortality [13]. Inflammation and coagulation

cascades have a cross-talk in COVID-19 patients [14].

Thus, we aimed to evaluate the prevalence of abnormal

hematological parameters (including coagulation tests and

peripheral blood counts) along with inflammatory markers

and their ability to predict mortality in patients with

COVID-19.

Materials and Methods

This study was a retrospective analysis of the COVID-19

patients hospitalized in COVID-19 inpatient wards at

Umraniye Education and Research Hospital between

March 2020 and May 2020. Patients were diagnosed to

have COVID-19 based on either the reverse-transcription

quantitative polymerase chain reaction (RT-qPCR) tests

applied on respiratory secretions obtained via nasal swabs

or the chest computed tomography (CT) findings. The

presence of single or multiple diffuse ground-glass

appearance associated with consolidation was regarded as

the positive CT findings for COVID-19 infection [15–17].

The positive and negative RT-qPCR results were detected

in 270 (89.4%) and 32 patients (10.6%). The diagnosis was

confirmed via positive CT findings seen in 225 patients

(74.8%). Patients over 18 years old were included in the

study. Patients with a diagnosis of COVID-19 infection

were excluded if they were followed up as an outpatient.

Age, gender, chronic medical conditions, and laboratory

results, including hemogram parameters [white blood cell

(WBC) count, neutrophil count, lymphocyte count,

thrombocyte count, hemoglobin, red cell distribution width

(RDW), and mean platelet volume (MPV)], D-dimer, lac-

tate dehydrogenase (LDH), ferritin, fibrinogen, C-reactive

protein (CRP), procalcitonin, prothrombin time (PT), the

international normalized ratio (INR), and activated partial

thromboplastin time (aPTT) were retrieved from the hos-

pital electronic database system.

This study was performed in line with the principles of

the Declaration of Helsinki. The local ethics committee

approved the study. Informed consent was obtained from

all participants included in the study.

Statistical Analysis

Descriptive data derived from the study were presented as

mean ± standard deviation or median and interquartile

ranges of 25th and 75th percentiles (IQR 1–3) or the

minimum and maximum depending on the distribution of

continuous variables. Categorical variables were given as

number and percentage. The normal distribution of

numerical variables was checked with the Kolmogorov–

Smirnov and the Shapiro-Wilks tests. In comparison of the

two independent groups, the independent samples t-test

was used when the numerical variables had a normal dis-

tribution, or the Mann–Whitney U test was used when the

numerical variables did not have normal distribution. The

differences between the categorical variables were com-

pared with the Pearson chi-square, Fisher’s Exact, and

Fisher-Freeman-Halton tests. The temporal relationships

between the survival rates and white blood cell count,

neutrophil count, lymphocyte count, neutrophil-to-lym-

phocyte ratio, procalcitonin, prothrombin time, aPTT, and

INR were evaluated via Kaplan–Meier survival analysis.

The analysis of the receiver operating characteristic (ROC)

curve associated with area under curve (AUC) was used to

discover the optimal cut-off values of the levels of the labora-

tory parameters to predict the development of mortality in the

study group. AUC was interpreted as excellent if 0.9\
AUC\1, good if 0.8\AUC\0.9, fair if 0.7\AUC\
0.8, poor if 0.6\AUC\0.7, and fail if 0.5\AUC\0.6.

Univariate and multivariate Cox regression analyses

were used to evaluate the independent predictors of mor-

tality. The selected variables in the multivariate model

were determined based on the significant variables in the

univariate analyses. The independent variables that showed

multivariate multicollinearity with significant correlation

coefficients was not analyzed in the model.

Statistical analyses were performed using the Jamovi

project (Version 1.6.3) and JASP (Version 0.13.1). A p-

value below 0.05 was accepted as statistically significant.

Results

Clinical and Demographic Features and Laboratory

Results of the Entire Study Cohort

Overall, we included 302 patients who were hospitalized

with the diagnosis of COVID-19. Of these, 148 patients

were male. The male to female ratio was 0.961. The mean

age of the entire study cohort was 57.1 ± 17.6 years. Most

of the patients (85.8%) were hospitalized in a dedicated

COVID-19 hospital ward; the rest showed a need for stay

at the intensive care unit (ICU) during or at the outset of

their hospitalization. The most common chronic medical
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condition among the patients was hypertension (38.1%).

Clinical and demographic characteristics and laboratory

results of the entire study cohort are shown in Table 1.

Comparison of Clinical and Laboratory Features

of the Deceased and Surviving Patients

During the study period, 25 patients (8.2%) died. The

deceased patients were significantly older than those who

survived (73.4 ± 13.2 vs. 55.6 ± 17.2 years, respectively,

p\ 0.001). All of these patients except one were hospi-

talized in the ICU. Ninety-six percent of the deceased

patients had at least one chronic medical condition,

whereas 63.2% of the surviving patients had a comorbid

disorder (p = 0.002). Diabetes mellitus, hypertension, and

coronary artery disease were significantly more common

among the deceased than in the survivors.

White blood cell count and neutrophil count were signifi-

cantly higher, whereas lymphocyte count was significantly

lower in the deceased patients. Besides, MPV, D-dimer, fer-

ritin, and fibrinogen values were significantly higher, and PT

and aPTT were significantly longer in deceased patients.

Table 1 summarizes the comparison of the clinical features

and laboratory results of the deceased and surviving patients.

We also examined the data as the percentages above the

normal reference range for the entire group, the deceased

patients, and the surviving patients (Table 2). Overall, the

number of patients with leukocytosis and neutrophilia were

significantly higher in the deceased group than the surviving

group. Interestingly, 13.7% and 9% of the patients had

leukopenia and neutropenia among the surviving patients,

respectively. On the other hand, there was no neutropenia and

only one leukopenia in the deceased group. While leukopenia

and neutropenia were significantly more common in the

surviving patients, lymphopenia was significantly more fre-

quent among the deceased (p\0.001, for all). Thrombocy-

topenia frequency was comparable between both groups.

To determine cut-off values, ROC analysis using the

sensitivities and specificities based on the development of

mortality revealed that there were the optimal cut-off val-

ues for each laboratory parameter except for platelet count

with statistical significance. The largest AUC for procal-

citonin was 0.894 with the cut-off value of[ 0.11 (sensi-

tivity = 96.0% and specificity = 77.26%). The second

highest AUC of 0.861 was observed in NLR with a cut-off

value of [ 8.59 (sensitivity = 72.0% and speci-

ficity = 88.45%). The predictive power of procalcitonin,

NLR, D-Dimer, neutrophil count, ferritin and CRP for

mortality were regarded as good. The corresponding sen-

sitivity and specificities of all laboratory parameters under

the optimal cut-off values are given in Table 3.

Percentages of patients with results above the normal

range for inflammatory markers (C-reactive protein,

ferritin, procalcitonin) were significantly higher in the

deceased group than the surviving group. All patients

(100%) had elevated serum procalcitonin levels in the

deceased group. Higher than normal serum D-dimer values

were observed in 63.9% and 96% of the surviving and

deceased patients, respectively (p = 0.002). Similarly, the

percentage of patients with elevated fibrinogen values was

higher in the deceased patient group than in the surviving

group. Prolonged coagulation tests (increased aPTT and

PT) were also more common among the deceased patients.

Survival Analysis

The Kaplan–Meier survival curves revealed that there were

significant associations between mortality and WBC, neu-

trophil, and lymphocyte counts, NLR, procalcitonin, PT,

aPTT, and INR (p\ 0.05 for all) (Fig. 1). Patients with

lymphopenia had significantly lower survival rates than

patients with normal lymphocyte counts (p = 0.042).

Patients with higher WBC, neutrophil count, and procalci-

tonin levels had significantly shorter survival (p = 0.007,

p\ 0.001, and p\ 0.001, respectively). When we grouped

all patients based on NLR as those above and below median

NLR value (3.07), patients with above-the-median NLR had

a significantly higher mortality rate than the others

(p = 0.001). Finally, patients with prolonged PT, aPTT, and

INR had significantly lower survival rates (p = 0.008,

p\ 0.001 and p = 0.012, respectively).

Univariate and Multivariate Cox Regression

Analysis to Determine Independent Predictors

of Mortality

We included age (as a categorical variable below and

above 65 years), presence of hypertension, chronic kidney

disease, diabetes mellitus, congestive heart failure, and the

indicators such as platelet count, MPV, NLR, CRP, pro-

calcitonin, ferritin, fibrinogen, prothrombin time, and aPTT

in the univariate Cox regression analysis to determine the

predictors of mortality. In the univariate analysis, being

older than 65 years, the presence of hypertension, NLR,

CRP, procalcitonin, ferritin, prothrombin time, and aPTT

emerged as independent predictors of mortality. Multi-

variate Cox regression analysis revealed that ages above

65 years, NLR, aPTT, and hypertension remained inde-

pendent predictors of mortality (Table 4).

Discussion

Our findings showed the significant differences in demo-

graphic and clinical variables, hemostatic biomarkers,

coagulation tests, and inflammatory parameters between
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the survivors and non-survivors of COVID-19 patients.

Elderly patients with hypertension were the most vulnera-

ble group for mortality. Lymphopenia, leukocytosis, higher

procalcitonin and NLR, and prolonged coagulation tests

were associated with the development of mortality in

COVID-19.

Table 1 Comparison of clinical and demographic characteristics and laboratory results of the deceased and surviving patients

Overall (n = 302) Survival status p-value

Deceased (n = 25) Surviving (n = 277)

Age, years 57.1 ± 17.6 73.4 ± 13.2 55.6 ± 17.2 < 0.001

Sex

Male 148 (49.0) 12 (48.0) 136 (49.1) 0.999

Female 154 (51.0) 13 (52.0) 141 (50.9)

Hospital stay setting

Ward 259 (85.8) 1 (4.0) 258 (93.1) < 0.001

Intensive care unit 43 (14.2) 24 (96.0) 19 (6.9)

Comorbid conditions 199 (65.9) 24 (96.0) 175 (63.2) 0.002

Diabetes mellitus 80 (26.5) 13 (52.0) 67 (24.2) 0.005

Hypertension 115 (38.1) 17 (68.0) 98 (35.4) 0.003

Chronic obstructive lung disease 40 (13.2) 4 (16.0) 36 (13.0) 0.756

Coronary artery disease 34 (11.3) 7 (28.0) 27 (9.8) 0.014

Congestive heart failure 11 (3.6) 3 (12.0) 8 (2.9) 0.053

Chronic kidney disease 16 (5.3) 3 (12.0) 13 (4.7) 0.136

Malignancy 28 (9.3) 4 (16.0) 24 (8.7) 0.269

COVID-19 treatments

Hydroxychloroquine 300 (99.3) 25 (100.0) 275 (99.3) 0.999

Azithromycin 289 (95.7) 24 (96.0) 265 (95.7) 0.999

Favipiravir 70 (23.2) 17 (68.0) 53 (19.1) < 0.001

Tocilizumab 9 (3.0) 5 (20.0) 4 (1.4) < 0.001

Oseltamivir 236 (78.1) 22 (88.0) 214 (77.3) 0.321

Low molecular weight heparin 146 (48.3) 18 (72.0) 128 (46.2) 0.024

Broad spectrum antibiotics 48 (15.9) 15 (60.0) 33 (11.9) < 0.001

Laboratory parameters

White blood cell count (9 109/L) 6.80 [0.93–34.34] 11.05 [7.82–14.56] 6.1 [4.74–8.67] < 0.001

Neutrophil count (9 109/L) 4.50 [0.59–31.63] 9.4 [2.3–31.63] 4.12 [0.59–19.86] < 0.001

Lymphocyte count (9 109/L) 1.37 [0.13–4.22] 0.78 [0.25–3.64] 1.42 [0.13–4.22] < 0.001

NLR 3.1 [0.6–50.0] 11.6 [2.4–49.2] 2.9 [0.6–50.0] < 0.001

Hemoglobin (g/dL) 12.5 [6.0–16.6] 11.2 ± 2.2 12.4 ± 1.9 0.012

RDW (%) 13.6 [11.7–29.4] 15.2 ± 1.9 14.1 ± 2.0 0.015

Platelet count (9 109/L) 218 [34–553] 246 ± 83 230 ± 83 0.336

MPV (fL) 10.0 [1.0–16.1] 10.3 [1.0–14.5] 10.0 [1.0–16.1] 0.019

C-reactive protein (mg/dL) 2.7 [0.1–34.0] 10.7 [0.2–34.0] 2.2 [0.1–34.0] < 0.001

Procalcitonin (ng/mL) 0.1 [0.0–54.6] 0.7 [0.1–13.4] 0.1 [0.0–54.6] < 0.001

D-dimer (ng/mL) 793 [20–19400] 3660 [210–9650] 713 [20–19400] < 0.001

LDH (U/L) 294.5 [90.0–1917.0] 289.0 [230.0–376.0] 463.0 [368.0–626.0] < 0.001

Ferritin (ng/mL) 279.0 [2.1–4835.0] 813 [87–3295] 273 [2–4835] < 0.001

Fibrinogen (mg/dL) 422 [30–2716] 409.0 [317.0–525.0] 627.0 [492.0–706.0] < 0.001

Prothrombin time (seconds) 14.8 [12.4–32.3] 17.1 ± 3.9 15.1 ± 2.0 0.018

INR 1.1 [0.9–38.5] 1.2 [1.1- 1.4] 1.1 [1.0- 1.2] < 0.001

aPTT (seconds) 31.1 [21.3–50.2] 35.0 ± 6.0 31.2 ± 3.7 0.004

Boldvalues denote statistical significance at the p B 0.05 level

aPTT: activated thromboplastin time, INR: international normalized ratio, NLR: neutrophil-to-lymphocyte ratio, MPV: mean platelet volume,

RDW: red cell distribution width
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In a systematic review, significantly higher serum

D-dimer levels were found in COVID-19 patients with

acute respiratory distress syndrome (ARDS) and the sub-

group of those with mortality [18]. The authors concluded a

significant correlation between elevated D-Dimer levels

and complications and mortality due to COVID-19. How-

ever, Favaloro et al. [19] expressed some concerns

regarding the measurement and quality of reporting of

D-dimer such as the measurement method, assay, cut-off

values, or D-dimer units [i.e., D-dimer units (DDU) or

fibrinogen equivalent units (FEU)]. Although these issues

may be important in comparing the results of different

studies, our results showed that higher serum D-dimer

levels were significantly associated with mortality due to

COVID-19. So, we think that D-Dimer monitoring in

COVID-19 patients may have some critical therapeutic

impacts to tailor the treatment.

Table 2 Number and

percentage of patients with

blood counts above and below

the normal reference ranges

(Other hematological/

inflammatory parameters

presented as number and

percentage above the normal

reference range)

All patients

(n = 302)

Survival status p-value

Survivor

(n = 277)

Deceased

(n = 25)

White blood cell count (9 109/L) (%)

\ 4.0 39 (12.9) 38 (13.7) 1 (4.0) < 0.001

4.0–10.0 203 (67.2) 193 (69.7) 10 (40.0)

[ 10.0 60 (19.9) 46 (16.6) 14 (56.0)

Neutrophil count (9 109/L) (%)

\ 2.0 25 (8.3) 25 (9.0) 0 (0.0) < 0.001

2.0–7.0 206 (68.2) 199 (71.8) 7 (28.0)

[ 7.0 71 (23.5) 53 (19.1) 18 (72.0)

Lymphocyte count (9 109/L) (%)

\ 0.8 58 (19.2) 45 (16.2) 13 (52.0) < 0.001

0.8–4.0 242 (80.1) 230 (83.0) 12 (48.0)

[ 4.0 2 (0.7) 2 (0.7) 0 (0.0)

Hemoglobin (g/dL) (%)

\ 12 122 (40.4) 107 (38.6) 15 (60.0) 0.113

12–16 176 (58.3) 166 (59.9) 10 (40.0)

[ 16 4 (1.3) 4 (1.4) 0 (0.0)

Platelet count (9 109/L) (%)

\ 150 43 (14.2) 39 (14.1) 4 (16.0) 0.849

150–450 254 (84.1) 233 (84.1) 21 (84.0)

[ 450 5 (1.7) 5 (1.8) 0 (0.0)

Percent of the patients with value above normal

RDW (%) 51 (16.9) 46 (16.6) 5 (20.0) 0.588

MPV (%) 38 (12.6) 29 (10.5) 9 (36.0) 0.001

C-reactive protein (%) 235 (77.8) 211 (76.2) 24 (96.0) 0.042

Procalcitonin (%) 126 (41.7) 101 (36.5) 25 (100.0) < 0.001

D-dimer (%) 201 (66.6) 177 (63.9) 24 (96.0) 0.002

LDH (%) 248 (82.1) 223 (80.5) 25 (100.0) 0.011

Ferritin (%) 158 (52.3) 138 (49.8) 20 (80.0) 0.007

Fibrinogen (%) 168 (55.6) 147 (53.1) 21 (84.0) 0.006

Prothrombin time (%) 88 (29.1) 73 (26.4) 15 (60.0) 0.001

INR (%) 43 (14.2) 33 (11.9) 10 (40.0) 0.001

aPTT (%) 13 (4.3) 7 (2.5) 6 (24.0) < 0.001

Boldvalues denote statistical significance at the p B 0.05 level

NLR neutrophil-to-lymphocyte ratio, RDW red cell distribution width, MPV mean platelet volume, LDH
lactate dehydrogenase, INR international normalized ratio, aPTT activated thromboplastin time

Normal laboratory reference values: MPV: 6–12 fL, CRP: 0–0.5 mg/dL, procalcitonin:\ 0.05 ng/mL,

D-dimer: 0–500 ng/mL, LDH: 125–220 U/L, ferritin: 22–275 ng/mL, Fibrinogen: 200–400 mg/dL, PT:

11–16 s, INR: 0.8–1.3, aPTT: 25–40 s
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Although it is not yet entirely clear how SARS-CoV-2

activates the coagulation cascade, it is plausible to think

that it might be a byproduct of cytokine storm [20]. The

aPTT and PT are usually prolonged during severe COVID-

19, but the amount of elevation is milder than that observed

in bacterial sepsis and DIC [21]. A meta-analysis con-

ducted by Henry et al. [22] found that patients with severe

and fatal COVID-19 had significantly more elevated

coagulation parameters (especially PT) than patients with

non-severe disease. It has been suggested that the coagu-

lopathy observed in patients with severe COVID-19 is a

mixture of localized pulmonary thrombotic microan-

giopathy and low-grade DIC [9]. We detected significant

prolongations in the coagulation tests in the current study,

consistent with the previously published studies [21, 22].

Although the mechanisms of these changes are not fully

elucidated, the significant changes in the coagulation tests,

increased PT, INR and aPTT, might be regarded as useful

biomarkers to guide the disease severity and virus-induced

biological catastrophic cascades.

Changes in peripheral blood cell counts have been well-

studied in COVID-19. In infected patients, counts of white

blood cells and neutrophils increase, whereas counts of

lymphocyte and platelet decrease [22]. In a subset of

patients, thrombocytopenia has been related to coagulation

abnormalities (prolonged INR and aPTT) and DIC [23]. It

has been postulated that several possible mechanisms

might be responsible for this, including the viral cytopathic

effect on lymphocytes, the suppressive effect of cytokine

storm, lactic acidosis, and lymphoid organ atrophy

[24–26]. Moreover, lymphopenia was associated with the

development of ARDS [27, 28]. Peripheral blood neu-

trophilia has been shown to predict mortality in COVID-19

independently [28]. In our study, WBC and neutrophil

counts were significantly higher, and lymphocyte counts

were significantly lower in the deceased than those in the

surviving patients. The NLR also emerged as one of the

independent predictors of mortality in our COVID-19

patient cohort. This result was in line with the previously

published studies [29–31]. Since NLR is calculated by

considering both neutrophils and lymphocytes, the changes

in the NLR values may help physicians assess the severity

and prognosis of COVID-19 infections. A meta-analysis

including nine studies with a total of 1,779 COVID-19

patients demonstrated that thrombocytopenia was associ-

ated with a more than five-fold increased risk of severe

COVID-19. Low platelet counts were also significantly

associated with increased mortality [32].

On the other hand, platelet counts were comparable

between the groups in the current study. Different patho-

physiological mechanisms may lead to such insignificant

findings.

It seems that a reciprocal interaction exists between

SARS-CoV-2 induced cytokine storm (inflammation) and

Table 3 ROC analysis of laboratory parameters for the prediction of mortality

AUC Sensitivity Specificity Cut Off 95% CI p

White blood cell count (9 109/L) 0.771 76.00 67.51 [ 7810 0.720–0.818 < 0.001

Neutrophil count (9 109/L) 0.823 76.00 79.78 [ 6760 0.776–0.865 < 0.001

Lymphocyte count (9 109/L) 0.723 72.00 69.31 B 1070 0.669–0.773 < 0.001

NLR 0.861 72.00 88.45 [ 8.59 0.817–0.898 < 0.001

Hemoglobin (g/dL) 0.656 48.00 82.67 B 10.5 0.600–0.710 0.013

RDW (%) 0.681 60.00 67.51 [ 14.3 0.626–0.734 0.001

Platelet count (9 109/L) 0.577 68.00 49.46 [ 213,000 0.519–0.633 0.223

MPV (fL) 0.642 36.00 93.5 [ 12.2 0.585–0.696 0.025

C-reactive protein (mg/dL) 0.800 96.00 57.04 [ 2.9 0.750–0.843 < 0.001

Procalcitonin (ng/mL) 0.894 96.00 77.26 [ 0.11 0.854–0.926 < 0.001

D-dimer (ng/mL) 0.843 76.00 85.56 [ 1893 0.797–0.882 < 0.001

LDH (U/L) 0.798 84.00 67.51 [ 341 0.748–0.842 < 0.001

Ferritin (ng/mL) 0.803 72.00 89.53 [ 625 0.753–0.846 < 0.001

Fibrinogen (mg/dL) 0.748 72.00 76.17 [ 531 0.695–0.796 < 0.001

Prothrombin time (seconds) 0.703 68.00 72.92 [ 15.7 0.648–0.754 0.001

INR 0.728 64.00 79.06 [ 1.21 0.674–0.777 < 0.001

aPTT (seconds) 0.707 56.00 79.42 [ 33.5 0.653–0.758 0.001

Boldvalues denote statistical significance at the p B 0.05 level

NLR neutrophil-to-lymphocyte ratio, RDW red cell distribution width,MPV mean platelet volume, LDH lactate dehydrogenase, INR international

normalized ratio, aPTT activated thromboplastin time
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activated coagulation system [33]. In severe COVID-19, a

remarkable inflammatory state is usually observed, as

evidenced by increased serum CRP, interleukin-6, procal-

citonin, and ferritin levels [34, 35]. Although this was a

viral infection, higher procalcitonin levels increased the

risk of severe COVID-19 five-fold [36]. Similarly, higher

CRP levels in COVID-19 patients were associated with

ARDS development, myocardial injury, and death

[28, 37, 38]. A meta-analysis reported that elevated serum

levels of ferritin, procalcitonin, and D-dimer were

associated with more deaths, ARDS development, and need

for ICU care in COVID-19 patients [39]. Bacterial infec-

tions secondary viral infections would be additional rea-

sons to explain the elevations in these inflammatory

biomarkers. Our results demonstrated that serum CRP,

procalcitonin, and ferritin levels were significantly higher

in the deceased COVID-19 patients, reflecting a poor

composite outcome. There are controversial issues about

the cut-off values of these biomarkers [39]. Thus, we rec-

ommend using CRP, ferritin, and procalcitonin changes to
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Fig. 1 Kaplan–Meier survival curves for patients with normal and abnormal values for white blood cell count, neutrophil count, lymphocyte

count, neutrophil-to-lymphocyte ratio, procalcitonin, prothrombin time, aPTT, and INR
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monitor the progression and improvements of COVID-19

patients.

The limitations of the current study are as follows. First,

we did not assess the development of ARDS complications

and acute kidney injury in the study group. Thus, we

cannot confidently say that impaired inflammatory and

coagulation factors are more common in complicated

COVID-19. The only outcome measure of our study was

in-hospital mortality. Although we evaluated the platelet

count, D-dimer, and fibrinogen levels, we did not calculate

the International Society on Thrombosis and Hemostasis

(ISTH) score of study patients. Thus, we cannot distinguish

patients who had mild-to-moderate coagulation abnormal-

ities from those with full-scale DIC.

In conclusion, the current study showed that inflamma-

tory, hematological, and coagulation parameters were ele-

vated in most COVID-19 patients. While neutrophil and

WBC counts increased, lymphocyte counts decreased sig-

nificantly as the disease severity increased. Age C 65

years, NLR, aPTT, and hypertension were the independent

predictors of mortality.
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