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Abstract

Background

COVID-19 disease caused by the SARS-CoV-2 virus can lead to an acute respira-
tory illness with a high hospitalization and mortality risk. Therefore, prognostic
indicators are essential for early interventions. As a component of complete blood
counts, the coefficient of variation (CV) of red blood cell distribution width (RDW)
reflects cellular volume variations. It has been shown that RDW is associated with
increased mortality risk in a wide range of diseases. This study aimed to determine
the relationship between RDW and mortality risk in COVID-19 patients.
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Methods
This retrospective study was performed on 592 patients admitted to hospital between
February 2020 and December 2020. Patients were divided into low and high RDW
groups and the relationship between RDW and mortality, intubation, admission to
intensive care unit (ICU), and need for oxygen therapy was investigated.Results
The mortality rate in the low RDW group was 9.4%, while that in the high group
was 20% (p < 0.001). Also, ICU admission in the low group was 8%, whereas this
was 10% in the high RDW group (p = 0.040). The results of the Kaplan—-Meyer
curve showed that the survival rate was higher in the low group compared to the
high RDW group. Cox results in the crude model showed that higher RDW values
were directly related to increased mortality, although this was not significant after
adjustment for other covariates.

Conclusion

The results of our study reveal that high RDW is associated with increased hospital-
ization and risk of death and that RDW may be a reliable indicator of COVID-19
prognosis.
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1 Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection which
causes COVID-19 disease can induce a hyperinflammatory condition that may
lead to acute respiratory syndrome (ARDS) in the host [1]. Therefore, early diag-
nosis and treatment plays an important role in determining patient outcomes and
preventing life-threatening complications. To meet these objectives, the use of bio-
markers, especially laboratory biomarkers for assessing the prognosis of patients,
has a vital role in the management of this disease [2]. The coefficient of variation
of red blood cell distribution width (RDW) is a hematologic parameter routinely
measured in blood cell count analysis. RDW readings show the size heterogeneity
of circulating red blood cells (RBCs), otherwise known as the degree of anisocy-
tosis [3]. Changes in erythropoiesis can cause heterogeneity of RBC size as an
indicator of certain pathological conditions [4]. For example, RDW values are
known to be higher in malnutrition, tuberculosis, hemolytic anemia, myelodys-
plastic syndrome, cardiovascular disease, pneumonia, sepsis, influenza, viral hep-
atitis, and cancer [5, 6]. Increasing levels of RDW can also be indicative of an
imbalance in RBC production in the bone marrow or a high turnover rate of these
cells. Importantly, high RDW values have also been associated with an increased
risk of mortality [7-9].

In a prospective study of 240,477 healthy individuals, participants were followed
for nine years to investigate the prognostic role of RDW [10]. This showed that the
levels of RDW in cardiovascular diseases and cancer (especially colorectal cancer
and leukemia) were increased, and this was associated with an increased risk of
mortality in patients. Recent studies have reported the prognostic role of RDW in
COVID-19 patients (for a meta-analysis on this topic see [8]). Various mechanisms
have been suggested for an elevation in RDW in COVID-19 patients. One of these
is the potential increase in the levels of inflammatory cytokines such as interleukin
(IL)-1, IL-6, and tumor necrosis factor (TNF)-a [11]. These cytokines increase hep-
cidin (as a negative regulator of iron) and decrease the release of stored iron, leading
to an impairment of iron metabolism [12]. In addition, CD147, also known as the
OK blood group antigen, is expressed on erythrocyte lineage cells and is known to
act as a novel receptor for SARS-CoV-2 binding [13]. It has also been suggested
that this binding on RBCs can lead to viral invasion of these cells and their subse-
quent destruction, an outcome predicted to affect RDW values.

Here, we have investigated the relationship between RDW levels and the out-
comes of COVID-19-hospitalized patients. Our main focus was on intubation rate,
need for oxygen therapy, intensive care unit (ICU) admission, and length of hos-
pital stay.
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2 Materials and Methods

2.1 Study Design

This retrospective single-center study was conducted at Shahid Mostafa Khomeini
Hospital in Tabas, Iran. The study population consisted of COVID-19 patients with
a positive polymerase chain reaction (PCR) test hospitalized in Shahid Mostafa
Khomeini Hospital between February 2020 and December 2020. People under 18
years or with hematologic malignancies were excluded. Finally, 592 patients were
included in the study.

This study was approved by the ethics committee of Birjand University of
Medical Sciences, Iran (IR.BUMS.REC.1400.006). Patient electronic medical
records were reviewed, and demographic characteristics, clinical signs, comorbidi-
ties, laboratory test results [complete blood count (CBC) [14], blood urea nitrogen
(BUN), creatinine (Cr), and C-reactive protein (CRP)], PO, (partial pressure of oxy-
gen), computerized tomography (CT) scan results, hospitalization duration time,
and body temperature were determined. CBCs were analyzed by Sysmex analyzer
model Kx-21. The normal range of the coefficient of variation of RDW in our labo-
ratory was 11.5-14.5. Patients were divided into two groups: those with RDW less
than 14.5 (RDW < 14.5) and those with RDW above 14.5 (RDW > 14.5).

The relationship between RDW and mortality, intubation, admission to intensive
care unit, and the need for oxygen therapy was assessed in both groups.

2.2 Statistical Analysis

The Stata software (version 14) was used for data analysis. Descriptive data were
presented as mean, standard deviation (SD), frequency, and frequency percentage.
The Kolmogorov—Smirnov test evaluated the normality of continuous variables, and
the Schoenfeld residuals test was performed to check the proportional hazards (PH)
assumption in the simple and Cox multiple models. To determine the difference
between the means of variable data between the two groups (RDW > 14.5 vs.
RDW < 14.5), an independent #-test was used for continuous variables such as PO,
status, temperature, white blood cells (WBC), platelet (PLT), neutrophil, and lym-
phocyte counts. For nonparametric variables, comparisons between groups were
performed with the Mann—Whitney U test. Fisher’s exact test and chi-square test
were used for categorical variables.

A Kaplan—Meyer curve was drawn to show the survival time of patients in the
RDW > 14.5 and RDW < 14.5 groups, and a log-rank test was performed to check
the difference in survival time between the two groups. In addition, a Cox simple
regression model was used to determine the factors related to survival time in
patients with COVID-19, and a multivariable Cox regression model was performed
for variables that were found to have significant effects in the simple Cox regression
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model. Finally, hazard ratio (HR) and 95% confidence interval (CI) were reported
for each variable related to patient survival time in the two simple models and the
Cox multivariable model. P-values less than 0.05 were considered as significant.

3 Results

The present study was performed on 592 patients with COVID-19 disease. Of these,
73.3% (n =434) were classed in the RDW < 14.5 set, and the remaining participants
were in the RDW > 14.5 group. The mean age of all subjects was 60.4 = 21.5 years,
56.7 +21.0 years in the RDW < 14.5 group and 70.5 + 19.7 years in the RDW > 14.5
group. The independent 7-test showed that the difference in mean age between the
two groups was statistically significant (Table 12.1). The chi-square test results
showed that RDW level was not statistically related to gender.

In addition, we found that age was directly related to higher RDW values
(p = 0.001). Also, higher RDW levels were related to higher ICU admission rates
(RDW < 14.5: 8%, RDW > 14.5: 10%, p = 0.04). Furthermore, the prevalence of
cancer and cardiovascular disease was higher in the group with RDW > 14.5 than in
the RDW < 14.5 group.

The mortality rate in the RDW < 14.5 group was 9.4% while that in the
RDW > 14.5 group was higher at 20.2% (p = 0.001). PO, was also significantly
associated with RDW as 78% of the patients with a PO, greater than 93% were in
the RDW < 14.5 group, compared to only 22% of the RDW > 14.5 patient group
(p = 0.004). The group with RDW > 14.5 also had lower hemoglobin and higher
BUN levels than the group with RDW < 14.5 (p = 0.001).

The results of the Kaplan—-Meyer curve showed that the survival rate was higher
in the group with RDW < 14.5 than in the RDW > 14.5 group. In addition, the Cox
results showed that the rate of intubation was directly related to mortality. Finally,
Cox analyses of the crude and adjusted models showed that higher RDW values
were directly related to the increase in death, although this relationship was not
significant after adjustment for age, fever, cough, cardiovascular disease, oxygen
therapy status, temperature, intubation, PO,, WBC count, and BUN (Fig. 12.1).

4 Discussion

The results of this study showed that elevated RDW was associated with higher ICU
admission rates and an increased risk of death. This suggests that RDW can be con-
sidered as a negative prognostic indicator of clinical conditions of COVID-19
patient clinical conditions. In line with our study, a retrospective study of 1198
COVID-19 patients found that having an RDW > 14.5 was associated with an
increased risk of death at all ages [15]. Also, the Cox model used in this previous
study showed that, after adjusting for age, lymphocyte count, and D-dimer levels in
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Table 12.1 Characteristics of patients in RDW < 14.5 and RDW > 14.5 groups

Level Total RDW < 14.5 RDW > 14.5 Test

Variable variable (n=592) (n=434,73.3%) (n =158, 26.7%) |result |p

Age (mean = SD) 60.39 +21.52  |56.72+£21.00 7049 +19.65 [3.92 |0.001

Sex Female (n, 280(47.3) 202(72.1) 78(27.9) 0.37 10.543
%)
Male (n, %) 312(52.7) 232(74.4) 80(25.6)

Name of the  |Isolate 244(78.7) 204(83.6) 40(16.4) 6.15 10.046

ward ICU (n, %) |51(16.5) 35(68.6) 16(31.4)
Other (n, |15(4.8) 12(80.0) 3(20.0)
%)

Sign and symptoms

Fever No (n, %) |298(50.3) 203(68.1) 95(31.9) 8.26 10.004
Yes (n, %) |294(49.7) 231(78.6) 63(21.4)

Cough No (n, %) |376(63.5) 267(71.0) 109(29.0) 2.79 10.095
Yes (n, %) 216(36.5) 167(77.3) 49(22.7)

Muscular pain |No (n, %) |526(88.9) 380(72.2) 146(27.8) 2.79 10.097
Yes (n, %) |66(11.1) 54(81.8) 12(18.2)

ARDS No (n, %) |388(65.5) 285(73.5) 103(26.5) 0.01 10914
Yes (n, %) 204(34.5) 149(73.0) 55(27.0)

Consciousness No (n, %) 559(94.4) 420(75.1) 139(24.9) 17.04 10.001
Yes (n, %) |33(5.6) 14(42.9) 19(57.6)

Olfactory No (n, %) |588(99.3) 430(73.1) 158(26.9) 1.47 10.578
Yes (n, %) |4(0.7) 4(100.0) 00(00.0)

Taste No (n, %) |588(99.3) 430(73.1) 158(26.9) 1.47 10.578
Yes (n, %) |4(0.7) 4(100.0) 00(00.0)

Convulsions  |No (n, %) |588(99.3) 431(73.3) 157(26.7) 0.01 10.999
Yes (n, %) 4(0.7) 3(75.0) 1(25.5)

Stomach ache |No (n, %) 564(96.7) 411(72.9) 153(27.1) 1.21 10.429
Yes (n, %) |19(3.3) 16(84.2) 3(15.8)

Nausea No (n, %) 503(86.3) 365(72.6) 138(27.4) 0.86 10.354
Yes (n, %) 80(13.7) 62(77.5) 18(22.5)

Vomit No (n, %) 528(90.6) 383(72.5) 145(27.5) 1.41 ]0.234
Yes (n, %) |55(9.4) 44(80.0) 11(20.0)

Diarrhea No (n, %) |533(91.4) 391(73.4) 142(26.6) 0.04 10.836
Yes (n, %) |50(8.6) 36(72.0) 14(28.0)

Anorexia No (n, %) 532(91.3) 385(72.4) 147(27.6) 2.37 10.124
Yes (n, %) |51(8.7) 42(82.4) 9(17.6)

Headache No (n, %) |546(93.7) 398(546) 148(27.1) 0.53 10.466
Yes (n, %) |37(6.3) 29(78.4) 8(21.66)

Vertigo No (n, %) |569(97.6) 415(72.9) 154(27.1) 1.14 10.373
Yes (n, %) |14(2.4) 12(85.7) 2(14.3)

(continued)
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Table 12.1 (continued)

Level Total RDW < 14.5 RDW > 14.5 Test

Variable variable (n=592) (n=434,73.3%)|(n =158, 26.7%) result |p

Paralysis No (n, %) |582(99.8) 427(73.4) 155(26.6) 2.74 10.268
Yes (n, %) 1(0.2) 00(00.0) 1(100.0)

Plegia No (n, %) |582(99.8) 427(73.4) 155(26.6) 2.74 10.268
Yes (n, %) |1(0.2) 00(00.0) 1(100.0)

Chest pain No (n, %) 558(95.7) 108(73.1) 150(26.9) 0.10 ]0.999
Yes (n, %) |25(4.3) 19(76.0) 6(24.0)

Inflammation  |No (n, %) |582(99.8) 427(73.4) 155(26.6) 2.74 10.098
Yes (n, %) |1(0.2) 00(00.0) 1(100.0)

Comorbidities

Cancer No (n, %) 585(98.8) 432(73.8) 153(26.2) 7.25 10.007
Yes (n, %) |7(1.2) 2(28.6) 5(71.4)

Liver disease |No (n, %) |589(99.5) 432(73.3) 157(26.7) 0.07 10.999
Yes (n, %) |3(0.5) 2(66.7) 1(33.3)

Diabetes No (n, %) 510(86.1) 376(73.7) 134(26.3) 0.32 |0.569
Yes (n, %) |82(13.9) 58(70.7) 24(29.3)

Cardiovascular (No (n, %) 446(75.3) 347(77.8) 99(22.2) 18.65 [0.001

diseases Yes (n, %) |146(24.7) 87(59.6) 59(40.4)

Renal diseases |No (n, %) |580(98.0) 428(73.8) 152(26.2) 3.40 |0.065
Yes (n, %) |12(2.0) 6(50.0) 6(50.0)

Asthma No (n, %) 574(97.1) 422(73.5) 152(26.5) 0.66 (0.418
Yes (n, %) 17(2.9) 11(64.7) 6(35.3)

Neurologic No (n, %) |583(98.5) 428(73.4) 155(26.6) 0.21 ]0.706

diseases Yes (n, %) 9(1.5) 6(66.7) 3(3.3)

Hypertension |No (n, %) |437(73.8) 328(75.1) 109(24.9) 2.60 |0.107
Yes (n, %) |155(26.2) 106(68.4) 49(31.6)

Oxygen No (n, %) [99(63.9) 77(77.8) 22(22.2) 0.02 ]0.887

therapy status | Yes (n, %) |56(36.1) 43(76.8) 13(23.2)

Death No (n, %) |518(87.6) 393(75.9) 125(24.1) 12.73 10.001
Yes (n, %) |73(12.4) 41(56.2) 32(43.8)

Other parameters

Intubation No (n, %) 286(92.3) 233(81.5) 53(18.5) 0.60 |0.438
Yes (n, %) |24(7.7) 18(75.0) 6(25.0)

PO, <93% 297(50.2) 204(68.7) 93(31.3) 6.51 (0.011
>93% 295(19.8) 230(78.0) 65(22.0)

Number of <18 30(6.8) 24(80.0) 6(20.0) 7.53 10.057

breaths 18-22 99(22.6) 76(76.8) 23(23.2)
22-28 23(5.3) 18(78.3) 5(21.7)
>28 286(65.3) 186(65.0) 100(35.0)

CT scan No (n, %) 151(49.5) 126(83.4) 25(16.6) 1.49 10.222
Yes (n, %) |154(50.5) 120(77.9) 34(22.1)

(continued)
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Table 12.1 (continued)

Level Total RDW < 14.5 RDW > 14.5 Test
Variable variable (n=592) (n=434,73.3%) (n =158, 26.7%) |result |p
Smoking No (n, %) 586(99.0) 430(73.4) 156(26.6) 0.14 10.660
Yes (n, %) |6(1.0) 4(66.7) 2(33.3)
Opium intake | No (n, %) 551(93.1) 409(74.2) 142(25.8) 343 10.064
Yes (n, %) 41(6.9) 25(61.0) 16(39.0)
Blood group (O (n, %) 60(35.9) 44(73.3) 16(26.7) 1.40 |0.704
A (n, %) 46(27.5) 31(67.4) 15(32.6)
B (n, %) 42(25.1) 33(78.6) 9(21.4)
AB (n, %) |19(11.5) 14(73.7) 5(26.3)

Hospitalization 'mean + SD |5.53 +9.22 5.29 £8.55 6.19 = 10.85 0.65 ]0.294
time
PO, mean + SD |91.27 £ 7.21 92.03 +6.08 89.54 +9.05 11.22 /0.004
Temperature  |mean + SD |37.08 + 0.69 37.12 £ 0.69 36.96 + 0.69 0.48 10.240
Laboratory measures
WBC (x 10°/L) jmean + SD |8.48 + 6.42 6.90 + 0.033 9.61 +4.71 0.15 |0.010
HB (g/dL) mean + SD [12.79 + 6.42 1322 £5.74 11.65 +2.86 0.07 10.001
PLT (x 10°L) |mean +SD |201.60 + 107.78 |198.63 + 101.59 |209.69 + 123.07 |4.37 |0.313
Neut (%) mean + SD |74.21 £13.99 7333 +13.48 [76.64+15.11 |1.11 0.011
Lymph (%) mean + SD [18.97 £ 12.38 1943 +11.01 [17.71+1548 |2.95 0.133
BUN (pg/dL) mean+SD [17.77 £ 14.48 | 15.81 +8.95 23.16 +23.03  |44.83 |0.001
MPV (FL) mean + SD |9.89 +4.38 10.16 +4.81 9.16 +2.78 1.27 10.014
Cr (pg/dL) mean + SD |1.32 = 1.47 1.23 +1.11 1.58 +2.17 13.16 |0.059
CRP (pg/dL)  |mean +SD |1.14 +0.87 1.12 +0.89 1.18 +0.79 3.32 10476

* p-Values calculated by #-test continuous variables and Fisher’s (exact) test or y? test for the cat-
egorical variables; p < 0.05 considered significant

patients with RDW > 14.5, the mortality rate was higher. In our study, the results of
the Cox model in the crude model showed that increased RDW values were associ-
ated with an increased risk of death. However, this association was not significant
after adjusting for other covariates including age, which is an important risk factor
for severe COVID-19 and ensuing hard outcomes.

We found that patients with higher RDW had higher rates of ICU admission. In
line with our analysis, a study conducted in Ankara on 127 COVID-19 patients
showed that patients with higher RDW values had higher ICU admissions [16]. In a
study on 294 COVID-19 patients in Brooklyn, Ramachandran et al. examined the
association with mortality, septic shock, and the need for mechanical ventilation
[17]. The results showed elevated RDW was associated with increased mortality
and septic shock. However, they found no association between increased RDW and
increased need for ventilation, which is in line with the findings of our study.

The pathological mechanisms underlying RDW increase in COVID-19 are
unknown. However, previous studies have shown that elevated RDW in COVID-19
is associated with increased inflammatory cytokines such as IL-1 and TNF-a, which
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Fig. 12.1 Cox results on the survival rate of patients in the two groups (RDW < 14.5 and
RDW > 14.5) after admission to ICU. The survival rate was higher in the group with RDW < 14.5

can disrupt iron metabolism and cause anemia and increased RBC apoptosis [18].
Also, an increased RDW reflects an imbalance between hematopoiesis and survival
of RBCs, and a delay in removing old RBCs from the peripheral blood [18].
Kaufman et al. also reported that elevated RDW was associated with higher CRP
and BUN levels along with increased mortality risk [19]. This is in line with our
findings as we also found that BUN was higher in the group with higher RDW. High
BUN levels are used an indicator of kidney dysfunction which can also be mani-
fested in patients with SARS-CoV-2 infections [20].

One of the limitations of our study is this retrospective design, which limits our
access to information. Another limitation of our study is that it was performed in
only one center. Lastly, our analysis only considered the effects of a single bio-
marker (RDW values) on ICU admission and death outcomes in COVID-19 patients
admitted to hospital. Future studies should attempt to incorporate additional mark-
ers with RDW values such as BUN, CRP, IL-1, IL-6, and TNFa using a multiplex
algorithm. These analyte values can be obtained using cytokine arrays or multiplex
immunoassay panels [21, 22]. Also, in addition to the current study of inpatients
here, future investigations should analyze the effects on outpatients. Thus, further
studies are required in multiple centers and on larger population groups.

In conclusion, the results of our study showed that increased RDW is associated
with an increase in hospitalization in ICU and an increased risk of death, and can be
used as a nonspecific, inexpensive, and accessible indicator to determine the
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prognosis of COVID-19 patients. Thus, future studies should be carried out to vali-
date and optimize the performance of this biomarker and associated algorithms in
prediction of COVID-19 disease outcomes. This will help to stratify patients accord-
ing to the most appropriate therapeutic options.
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