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Purpose: The present study aimed to investigate the relationship between prognosis and the red cell distribution width (RDW) and the
RDW-albumin ratio (RAR) in patients with coronavirus diseases 2019 (COVID-19), since serum albumin and RDW levels may reflect
inflammatory conditions.

Patients and Methods: A total of 289 patients who had been diagnosed with severe COVID-19 in the emergency department were
retrospectively analyzed. The RAR levels were calculated by dividing RDW-CV by albumin. Patient groups (survivors, dying patients,
those who received mechanical ventilation (MV) support or not, and those who needed vasopressors or not) were compared with
regard to RDW-SD, RDW-CV and the RAR levels.

Results: RDW-SD, RDW-CV and the RAR levels were found to be statistically significantly higher in patients who died, and who
received MV and vasopressor support, compared to those who survived and did not receive support (p<0.001 for all). In addition, while
the cut-off value of RAR was >5.43, the sensitivity was 91.6%, the specificity was 93.7%, NPV was 93.1% and the AUC was 0.965 in
predicting mortality (p<0.001). Logistic regression analysis showed that RDW-SD and RAR were independent risk factors for
mortality in patients with severe COVID-19.

Conclusion: Elevated RDW and RAR levels at the time of admission may independently predict mortality and the need for
vasopressor or MV support.
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The Plain Language Summary

Currently, hematological and biochemical parameters are markers that can support diagnosis or predict severe disease in
COVID—-19. In this study, it was investigated whether RDW and RAR were associated with the prognosis of severe
COVID-19 patients.

RDW-SD, RDW-CV and the RAR levels were found to be statistically significantly higher in patients who died, and
who received MV and vasopressor support, compared to those who survived and did not receive support. Logistic
regression analysis showed that RDW-SD and RAR were independent risk factors for mortality in patients with severe
COVID-19.

Elevated RDW and RAR levels at the time of admission may independently predict mortality and prognosis.

Introduction

The determination of laboratory markers that predict clinical impairment and prognosis during the coronavirus disease
2019 (COVID-19) pandemic is of vital importance. Severe COVID-19 is often characterized by the need for mechanical
ventilation (MV) and intensive care unit (ICU), and the mortality rate has been reported to be around 40%."' Due to being
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inexpensive, widespread and easily available, hematological parameters have become the first choice for the early
diagnosis and prognosis prediction in COVID-19.>* Red cell distribution width (RDW) which may easily and routinely
be measured in venous blood seems to be a marker with a high potential in providing risk classification and in predicting
poor outcomes in patients with severe pneumonia.*> Today, many studies have indicated that RDW is a significant and
potent prognostic marker for COVID-19 patients.®’

Albumin is a protein that has an important role in the nutrition and preservation of plasma osmolarity.” It was
particularly shown that there was a close relationship between disease severity and the albumin level in elderly
pneumonia patients and low albumin levels are a prognostic marker in these patients.’ In many studies, hypoalbuminemia
at the time of admission was stated to be related to mortality in COVID-19 patients.'®"!

RAR, which is defined as the proportion of RDW to albumin, is a novel and simple inflammatory marker. A strong
inflammatory response may lead to a significant increase in RAR.'? Recent studies have suggested that RAR alone may
yield better results for the prediction of prognosis than evaluating RDW and albumin separately.'*'* Zhao et al have
reported that RAR has a better predictive value than RDW and albumin in the prediction of mortality in stroke patients.
The authors have also stated that RAR could be used for risk classification particularly in emergency rooms as it is not
influenced by parameters such as blood pressure and heart rate and could easily be obtained.'” Two recent studies have
indicated that the RAR is an independent marker for mortality in critically ill patients.*'® Yoo et al, associated RAR with
mortality in patients with acute respiratory distress syndrome (ARDS).!” Although RAR has been investigated in various
inflammatory disorders, to the best of our knowledge, there are no studies available in the literature investigating the
relationship between RAR and COVID-19. Since serum albumin and RDW levels could reflect inflammatory
conditions,'*'® the present study has investigated the relationship between RDW and RAR, and the prognosis of patients
with severe COVID-19.

Materials and Methods

Patients and Study Design

A total of 289 consecutive patients who had been hospitalized due to confirmed diagnosis of severe COVID-19 at the
emergency department of a pandemic hospital between February 01, 2022, and April 01, 2022, and who fulfilled the
inclusion criteria were included in the study. Patients who were above 18 years of age, those whose real-time reverse
transcriptase polymerase chain reaction (RT-PCR) test results were positive, those whose clinical and laboratory data
could be reached through the hospital data management system, and those whose diagnoses of severe/critical COVID-19
had been confirmed based on the current guidelines, were included in the study.'®*° Patients who were under 18 years of
age, those who were pregnant, those who had a history of acute/chronic hematological disorders, hepatic or renal failure,
chronic alcohol or substance addiction, those who had been diagnosed with cancer, bacterial pneumonia/sepsis, auto-
immune and immunosuppressive disorders, those who had been subjected to trauma and those whose data could not be
accessed through the hospital data management system were excluded from the study. RAR (%/g/dL) was obtained by
dividing RDW-CV (%) that was obtained from the routine whole blood analysis by albumin (g/dL). All parameters,
mainly RDW-SD (standard deviation), RDW-CV (coefficient of variation) and RAR were compared between the two
groups (patients who survived and died). RDW-SD, RDW-CV and RAR levels were also compared among patients who
needed MV support and vasopressors or not. The study was approved by the Local Ethics Committee of Necmettin
Erbakan University [date: March 18, 2022, and number: 2022/3695 (8563.R1)].

Data Collection

The data regarding age, gender, medical history, vital signs at the time of admission (fever, pulse rate, systolic blood
pressure, oxygen saturation, respiratory rate), Glasgow Coma Scale (GCS), CURB-65 score, arterial blood gas, routine
blood analysis results [white blood cell (WBC) count, neutrophil, lymphocyte, platelet (PLT) count, RDW-SD, RDW-CV,
MCYV (mean corpuscular volume), hemoglobin (Hb), MPV (mean platelet volume), platelet distribution width (PDW)],
AST (aspartate transaminase), ALT (alanine transaminase), troponin-I, D-dimer, CRP, procalcitonin (PCT), lactate and
albumin values], PCR result, report of spiral computed tomography (CT) of the thorax, the need for MV (non-invasive/
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invasive/ high-flow nasal cannula oxygen) or vasopressor support, the duration of hospital stays and the outcomes
(discharge/ in-hospital mortality) were retrospectively obtained from epicrisis reports of the patients. Patients who
required MV and/or vasopressor support during their admission to the emergency room and also during hospitalization
were included in the study. For prediction of prognosis, further analyses were carried out for RDW-SD, RDW-CV, RAR,
albumin, lactate, PCT, CRP, neutrophil and lymphocyte values. Only the variables that fulfilled the Box-Tidwell
assumption were included in the logistic regression model. Complete blood count (CBC) was measured using the
Mindray auto hematology analyzer BC-6800 device (Shenzhen, China). Biochemical parameters were measured using
the Mindray chemistry analyzer BS-2000M device (Jiangsu, China). PaO2, PaCO2, and lactate levels were tested using
the Siemens Healthcare diagnostic Rapidpoint 500 blood gas device (Dublin, Ireland). The Coronex COVID-19 QPCR
(DS BIO and NANO Tech. Ltd, Ankara, Turkey) kit was used for the RT-PCR test.

Statistical Analysis

Descriptive analyses were carried out. The categorical data were given as rates and numbers. The categorical data were
compared with the Chi-square test. The distribution of the numerical data was analyzed using the visual (histogram and
likelihood plots) and analytical methods (Kolmogorov—Smirnov/Shapiro—Wilk tests). The normally distributed data were
given as mean =+ standard deviation and the non-normally distributed data were given as median and interquartile range
(IQR). The normally distributed groups were compared using the Student’s #-test and the non-normally distributed groups
were compared using the Mann—Whitney U-test. For estimation of mortality, Binary logistic regression analysis was
carried out for determining the independent variables. The likelihood of mortality prediction of the RDW-SD, RDW-CV,
RAR, Albumin, Lactate, PCT, CRP, Neutrophil, Lymphocyte values and the diagnostic predictive value of RDW-SD,
RDW-CV, RAR for prediction of mechanical ventilator and vasopressor need was analyzed with the receiver operating
characteristics (ROC) curve analysis. In the assessment of the area under the curve (AUC), the diagnostic value of the
test was interpreted to be statistically significant when the type 1 error level was below 5%. The AUC values of ROC
analyses were compared with the DeLong method using the MedCalc program. Cut-off values were calculated with the
Youden index. The sensitivity, specificity and negative predictive values (NPV) of the cut-off values were calculated. A p
level of < 0.05 was accepted to be statistically significant in all tests. Statistical analyses were performed using the IBM
SPSS version 22 and MedCalc version 20 programs.

Results

While 158 out of 289 patients survived, 131 patients died. Of all patients, 162 (56.1%) were male and the mean age was
66.09+15.9 years. The comparison of the surviving and the dying patient groups with regard to demographic, clinical and
laboratory findings have been presented in Table 1. When the surviving and the dying patients were compared with
regard to age and gender, while the mean age of dying patients was statistically significantly higher (p<0.001), no
difference was found with regard to gender (p=0.185). Fever, pulse rate, respiratory rate, CURB-65, RDW-SD, RDW-CV,
RAR, WBC, neutrophil count, MPV, PDW, AST, ALT, troponin I, D-dimer, CRP, PCT, lactate levels and the rate of the
patients who needed vasopressor medications were found to be significantly higher in the dying patient group (p<0.001
for all). Similarly, oxygen saturation, systolic blood pressure, PaO2, lymphocyte count, Hb, PLT, albumin values, GCS
scores and the rate of the patients who needed MV were lower (for all p<0.001) and the duration of hospital stay was
shorter (p=0.209) in the dying patient group.

When the patients who received MV and vasopressor support and who did not receive were compared with regard to
RDW-SD, RDW-CV and RAR, the RDW-SD, RDW-CV and RAR values were determined to be statistically significantly
higher among those who received MV and vasopressor support (p<0.001 for all) (Table 2).

The ROC analysis of RDW-SD, RAR, RDW-CV, albumin, lactate, PCT, CRP, neutrophil, and lymphocyte levels for
mortality estimation has been demonstrated in Table 3. According to this, RDW-SD had the highest AUC value, and the
lymphocyte count had the lowest AUC value (0.976, 0.965, 0.944, 0.914, 0.913, 0.900, 0.813, 0.790, 0.685, respectively)
(p<0.001 for all). In addition, among all parameters, the RDW-SD cut-off value was >55.32, it reached the maximum
values with 98.5% sensitivity, 96.2% specificity and 98.7% NPV. The logistic regression analysis showed that RDW-SD
and RAR were independent risk factors for COVID-19-related mortality (Tables 4 and 5).
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Table | Comparison of Demographic, Clinical and Laboratory Findings of Survived and Died Patients

Variables All Patients (n=289) | Survived Patients (n=158) | Died Patient (n=131) | p-value
Age, median (+ SD). years. 66.09 + 15.9 61.77 £ 15.78 71.31 £ 14.46 <0.001

Female, n(%) 127 (43.9) 75 (59.1) 52 (40.9) 0.185

Male, n(%) 162 (56.1) 83 (51.2) 79 (48.8)

Fever, median (IQR).°C 36.9 (1.3) 36.5 (0.9) 37.8 (0.7) <0.001

Heart rate, median (IQR). min. 95 (41) 76 (25) 120 (24) <0.001

Saturation, median (IQR) % 75 (14) 79 (10) 65 (15) <0.001

Respiratory rate, median (IQR). min. 20 (1) 16 (4) 26 (10) <0.001

SBP, median (IQR). mmHg 110 (51) 135 (23) 85 (13) <0.001

GCS, median (IQR) 13 (3) 14 (2) 11 (2) <0.001

CURBS65, median (IQR) 2 (3) 1 (2) 4(1) <0.001

RDW-SD, median (IQR). fL 55 (13) 45.05 (13.5) 58 (1.9) <0.001*
RDW-CYV, median (IQR).% 15.6 (3.7) 13.55 (3) 16.8 (1.4) <0.001*
RAR, median (IQR). (%/g/dL) 5.1 (2.53) 4.18 (1.09) 6.64 (1.36) <0.001*
WBC, median (IQR).10%/mL 10 (7.6) 8.5 (3.6) 13.8 (8.4) <0.001

Neutrophil, median (IQR). 10%/mL 8.6 (7) 7 (3.3) 11.8 (8.2) <0.001

Lymphocyte, median (IQR). 10%/mL 0.5 (0.5) 0.6 (0.8) 0.5 (0.3) <0.001

PLT, median (IQR). 10%/mL 179 (122) 198 (126) 156 (137) <0.001

MCV, median (IQR). fL 87.9 (9.5) 86.15 (8.8) 89.8 (10) 0.008

Hb, median (IQR). g/dL 12.5 (4.3) 13 (3.5) 10.6 (3.5) <0.001

MPV, median (IQR). fL 11.2 (4.6) 9.5 (2.7) 13.5 (1.2) <0.001

PDW, median (IQR). % 16.5 (1.6) 16.2 (0.9) 17.6 (0.3) <0.001

AST, median (IQR). U/L 35 (36) 27 (19) 46 (57) <0.001

ALT, median (IQR). U/L 35 (39) 28 (27) 53 (66) <0.001

Troponin |, median (IQR). ng/L 59 (249) 30 (73.3) 206 (385.1) <0.001

Albumin, mean * SD. g/dL 2.97 £ 0.55 331 £ 042 2.56 + 0.38 <0.001

D-dimer, median (IQR). pg/L 1600 (3160) 815 (1760) 3090 (4110) <0.001

CRP, median (IQR). mg/L 95 (214) 30.35 (102) 200 (185) <0.001

PCT, median (IQR). ng/mL 1.4 (7.7) 0.4 (0.8) 8 (27.5) <0.001

Lactate, median (IQR). mmol/L 24 (2) I (1.2) (1.1 <0.001

PaCO2, median (IQR). mmHg 40 (10) 38 (10) 40 (11) 0.160

PaO2, median (IQR). mmHg 55 (17) 61 (15.5) 50 (14.1) <0.001

Length of stay in hospital, median (IQR). day 14 (1) 14.5 (10) 14 (11) 0.209

Vasopressor support, n (%) 122 (42.2) 14 (11.5) 108 (88.5) <0.001

MV support, n(%) 176 (60.9) 124 (70.5) 52 (29.5) <0.001

Note: * statistically significant.

Abbreviations: SBP, systolic blood pressure; GCS, Glasgow Coma Scale; RDW-SD, red cell distribution width standard deviation; RDW-CV, red cell distribution width
coefficient of variation; RAR, RDW/ albiimin; WBC, White blood cell; PLT, Platelet; MCV, mean corpuscular volume; Hb, Hemoglobin; MPV, mean platelet voliime; PDWV,
platelet distribution width; AST, Aspartate transaminase; ALT, Alanine transaminase; PCT, procalcitonin; MV, mechanical ventilation.

Table 2 Relationship with Patient Groups of RDW-SD. RDW-CV and RAR Parameters

Patient Groups RDW-SD Median P RDW-CV Median P RAR Median p
(IQR) (IQR) (IQR)

Vasopressor support (+) 58 (2.2) <0.001 16.8 (1.3) <0.001 6.45 (1.74) <0.001

(n=122)

Vasopressor support (-) 45.6 (13.9) 13.7 (3.1) 4.19 (1.38)

(n=167)

MV support (+) (n=176) 56.9 (4.9) <0.001 16.5 (1.9) <0.001 6.29 (2.2) <0.001

MV support (-) (n=113) 45.3 (12.3) 13.6 (2.7) 4 (1.13)

Note: Bold values: statistically significant.
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Table 3 The ROC Analysis of Parameters in the Prediction of Mortality

AUC 95% CI Cut-off | Sensitivity(%) | Specificity(%) NPV P
Lower Limit Upper Limit
RAR 0.965 0.945 0.984 >5.43 91.6 93.7 93.1 <0.001
RDW-SD 0.976 0.956 0.995 >55.32 98.5 96.2 98.7 <0.001
RDW-CV 0.944 0914 0.975 >15.9 93.9 91.8 94.8 <0.001
Albumin 0914 0.880 0.948 <2.87 83.2 88.6 86.4 <0.001
Lactate 0913 0.880 0.947 >2 939 778 939 <0.001
PCT 0.900 0.860 0.940 >1.4 89.3 83.5 90.4 <0.001
CRP 0.8I3 0.764 0.862 >79 82.4 68.4 82.4 <0.001
Neutrophil 0.790 0.737 0.843 >9 71.8 79.1 772 <0.001
Lymphocyte | 0.685 0.625 0.745 <0.7 89.3 424 82.7 <0.001

Table 4 Logistic Regression Analysis of Parameters According to Mortality Separately

Mortality (Exitus)

Factor B -2LL Nagelkerke R” p Exp (B) %95 CI

RDWSD (%) 1.024 92.248 0.873 <0.001 2.78 1.976-3.923
RAR (%/g/dL) 2.465 137.717 0.794 <0.001 11.75 6.693-20.658
CURB&65 (score) 1.458 246.983 0.545 <0.001 429 3.107-5.945
WBC 0.219 322.390 0.308 <0.001 1.245 1.717-1.324
NEUTROPHIL 0.251 314.059 0.337 <0.001 1.285 1.202-1.375
LYMPHOCYTE —2.171 348.767 0.210 <0.001 0.114 0.052-0.249
Hb —0.301 363.332 0.152 <0.001 0.740 0.665-0.823
Age 0.041 371.046 0.120 <0.001 1.042 1.025-1.060
ALBUMIN —0516 215.040 0.628 <0.001 0.597 0.530-0.672

Note: Reference category: Survival group.
Abbreviations: LL, Log Likelihood; Cl, Confidence Interval.

Discussion
The rates of hospitalization, admission to ICU and death are high among patients with severe COVID-19. Hence, early
detection of high-risk patients and early triage may help facilitate intervention and proper use of hospital resources.”'
Hematological tests are economic, rapid, and they are early accessible prognostic markers with proven usefulness for
evaluating the disease severity in COVID-19. Elevated RDW levels on admission or gradually increasing RDW levels
during hospitalization have been associated with higher morbidity and mortality in patients with COVID-19.%
Conditions such as oxidative stress, tissue hypoxia, neuro-humoral over-activity, endothelial dysfunction and inflam-
mation that play important roles in COVID-19 infection affect the RDW levels.”> RDW demonstrates anisocytosis
among red blood cells (RBC). Anisocytosis is mostly due to inflammation.'® An elevated RDW means increased RBC
destruction, ineffective erythropoiesis, and/or shortened RBC life.>* In previous studies, elevated RDW values were
found to be related to prognosis in patients with community-acquired pneumonia (CAP), ARDS and COVID-19.>>" In
a meta-analysis, RDW values were found to be significantly higher in dying COVID-19 patients compared to survivors
(95% CI=0.63—1.23; 1’=85.58%). In addition, elevated RDW values were reported to be associated with the disease
severity (30-day mortality, duration of hospital stays and the need for vasopressor support) (95% CI=0.47-0.97;
1°=89.51%).® In our study, as in the study of Wang et al,> both RDW-SD and RDW-CV values were found to be
significantly higher in dying patients compared to survivors (p<0.001). Furthermore, these two markers were also higher
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Table 5 Logistic Regression Model According to Mortality When
Parameters Used Together

Mortality (Exit:us)¥
—2LL=44.247 Nagelkerke R?=0.944

Factor B p Exp (B) %95 CI

RDWSD (%) 0.666 0.001 1.94 1.324-2.860
RAR (%/g/dL)! 1.327 0.003 3.77 1.563-9.101
CURB65 (score)' 0.574 0.14 1.77 0.818-3.855
WBC' —0.040 0.89 0.96 0.545-1.694
NEUTROPHIL' 0.209 0.54 1.233 0.629-2.416
LYMPHOCYTE+ —0.177 0.72 0.838 0.307-2.282
Hb' —0.288 0.13 0.750 0.516-1.091
Age' —0.015 0.58 0.985 0.932-1.040

Notes: Reference category: Survival group. ¥Model suitability was tested with the Hosmer
Lemeshow test and found suitable (p=0.99). The parameters met the Box-tidwell assump-
tion. The Albumin parameter. which does not satisfy the assumption, was excluded from
the modeling. Bold values: statistically significant.

Abbreviations: LL, Log Likelihood; Cl, Confidence Interval.

in patients who received MV and vasopressor support compared to those who did not (p<0.001). Therefore, according to
the results of our study, an elevated RDW value on admission may be used as a marker that is related to disease severity
and negative outcomes in patients with severe COVID-19.

Up to date, researchers have emphasized that the cut-off value of RDW-CV could vary between 12.85% and 14.35%
in studies on COVID-19.*2*?7 Wang et al, reported that RDW could predict critical COVID-19 cases early when the cut-
off value was >11.5%.%* Kilercik et al, demonstrated that when the cut-off value of RDW was 13.7, it showed 75.7%
sensitivity and 81.6% specificity with an AUC of 0.787, and that it was the most valuable blood parameter for estimation
of disease severity.”* Wang et al, determined that sensitivity, specificity and the AUC values were 73.1%, 80.2%, and
0.870, respectively when the cut-off value of RDW-SD was 42.15.% In another study, RDW was shown to be a more
valuable parameter for mortality estimation compared to CRP and PDW with a cut-off value of 15% (AUC:0.708, 92%
sensitivity and 95% NPV).?° In our study, when compared to the other hematological markers, RDW-SD reached the
maximum mortality estimation power with 98.5% sensitivity, 96.2% specificity, 98.7% NPV and 0.976 AUC, when the
cut-off value was >55.32. Hence, this strong relationship between RDW levels and mortality could be suggested to result
from inflammation, hypoxia and oxidative stress that are responsible for the pathophysiology of severe COVID-19.

Serum albumin is a laboratory marker that can be routinely measured in blood; it is an acute phase reactant, a protein
that plays a role in the control of oncotic pressure and one that has antioxidant properties.* In addition, albumin has been
shown to be an inflammation marker.'*° In the studies of Chen and Takegawa et al, the albumin levels were emphasized
to be a prognostic factor in patients with pneumonia or sepsis.'®’' In many recent studies, low albumin levels on
admission were proposed to be associated with all the other negative outcomes in addition to mortality in patients with
severe COVID-19.'%'"32 Similar to the studies in the literature, in our study, too, low albumin levels were found to be
closely associated with mortality (cut-off <2.87, 83.2% sensitivity, 88.6% specificity, AUC: 0.914, p<0.001).

RAR, which is defined as the ratio of RDW to albumin, is a new inflammatory marker.'> Elevated RAR, representing
high RDW and decreased albumin levels, can predict severe inflammation.*® Therefore, RAR alone can reflect inflam-
matory states more accurately than either marker.'*'>>% In the study of Yoo et al, conducted with patients with ARDS,
the RAR levels were associated with 60-day mortality (hazard ratio 1.134, p = 0.003). The authors also reported that the
calculated AUC value for RAR was higher than that for RDW alone (0.681, 0.576, respectively, p= 0.002)."” In another
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study comprising patients with critical pneumonia who received MV support, it was shown that the mean RAR value in
deceased patients was significantly higher than that in survivors (5.8 vs 4.8, p < 0.001, respectively). In addition, the
authors reported that the 28-day mortality rate was significantly higher in patients with a RAR cut-off value of >5.73 than
in patients with a RAR cut-off value of <5.73 (52.3% sensitivity, 79.2% specificity, and AUC: 0.688).* In our study, the
RAR levels were found to be higher in patients who died and in those who received MV and vasopressor support than in
those who survived and did not receive support (for all p< 0.001). Furthermore, when the RAR cut-off value is >5.43, it
seems to be as powerful a parameter as RDW in estimating mortality with 91.6% sensitivity, 93.7% specificity, 93.1%
NPV and 0.965 AUC values. Consistent with the literature, the results of our study support that RAR, an inflammation
marker, is a stronger parameter to predict the prognosis and disease severity in COVID-19 than RDW and albumin, even
if it is used alone.'*'> Furthermore, RAR may contribute to risk classification and early triage in emergency rooms in
case of intensive conditions such as the COVID-19 pandemic due to being a rapid and economic parameter that is easily
calculated from routine blood analysis.** Although the important roles of RDW or albumin have been reported in many
studies on patients with COVID-19,'%%* we could not find a study on the prognostic value of RAR. Therefore, we hope
that our study will be supported by other studies on this issue.

Strengths and Limitation

The strength of our study is its evaluating RDW, albumin and RAR values on admission, and also comparing all three
parameters in severe COVID-19 patients. Hence, it may be accepted as a pioneer for the prediction of mortality and
disease severity. However, there are some limitations in this study; First, selection bias cannot be excluded, since our
study was a single-center, retrospective study with a small number of patients. Therefore, our results should be supported
by larger, multicenter and prospective studies. Second, our patients could not be followed-up after discharge. Therefore,
in our study, we have only presented the short-term mortality rates of RDW and RAR and cannot evaluate the effect on
long-term mortality. Third, since we only used RDW and albumin values at the time of admission to the emergency
department in our study, we cannot comment on whether the temporal changes in RDW and RAR may affect the
outcome. Fourth, since our study was limited to a hospitalized group, the results cannot be generalized to all non-
hospitalized individuals with COVID-19. Despite these limitations, we suggest that our study can contribute to the
literature.

Conclusion
The results of our study indicate that elevated RDW and RAR levels at the time of admission could independently predict
mortality, vasopressor support or the mechanical ventilation need in patients with severe COVID-19.
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