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Background: There is an amenable need for clinically applicable biomarkers in patients

with SARS-CoV-2 infection. Red Cell Distribution Width (RDW) has been recently

suggested as a prognostic biomarker for COVID-19.

Methods: This was an observational study enrolling patients between February 26 and

May 15 2020. We aimed to validate the association of the previously published RDW

threshold of 14.5% with markers of disease progression and mortality.

Results: A total number of 193 hospitalized patients with COVID-19 were enrolled

and analyzed. Median age was 61 years (95% CI: 58–64). Patients with baseline RDW

≥14.5% (n= 41, 19.2%) presented with more progressive disease compared to patients

with baseline RDW <14.5% (n = 156, 80.8%) as indicated by significant differences

in maximum FiO2% during hospitalization (median: 100, 95% CI: 45.2–100, vs. 35,

95% CI: 31–40, p = 0.0001, respectively). Values of RDW ≥14.5% were also strongly

associated with increased risk of mortality (HR: 4.1, 95% CI: 0.88–19.23), (p = 0.02).

Conclusion: Our study provides evidence to support reproducibility and validity of a

specified cut-off threshold of RDW as biomarker of disease severity and mortality in

patients with COVID-19.
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INTRODUCTION

The role of red cell distribution width (RDW) as a prognostic biomarker in various chronic
lung diseases has gained much of attention (1, 2). Recently, our study group demonstrated that
increased RDW is associated with poor clinical outcomes in chronic lung diseases, including
chronic obstructive pulmonary disease and idiopathic pulmonary fibrosis (2, 3). RDW reflects the
variation of red blood cell volumes and represents a relatively reproducible biomarker, considering
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the relatively prolonged lifespan of red blood cells. Nonetheless,
underlying mechanisms of RDW elevation remain to be
addressed. It has been suggested that arterial hypoxemia leads
to increased erythropoietin secretion and thus to increased
RDW throughmechanisms that involve regulation of erythrocyte
maturation and survival (2). Studies have shown that in patients
with Coronavirus Disease 2019 (COVID-19), the severity of
hypoxemia is independently associated with in-hospital mortality
and can reliably predict admission to the intensive care unit
(4). Unfortunately, oxygen saturation is often dissociated from
arterial hypoxemia as well as the sense of dyspnea in patients
with COVID-19 (5, 6). To this end, additional determinants of
hypoxemia that are minimally invasive and clinicians’ friendly
are urgently needed for patients with COVID-19 (7). RDW has
been suggested, in combination with hemoglobin and neutrophil
to lymphocyte ratio, as a diagnostic and prognostic biomarker
of COVID-19 (7–10). Recently, a large prospective study by Foy
et al. demonstrated that elevated baseline RDW (>14.5%) levels
were independently associated with worse clinical outcomes
in hospitalized patients with COVID-19 (11). Despite relative
enthusiasm, peripheral blood biomarkers, including RDW, need
to be validated and reproduced in multiple cohorts from different
institutions to support their widespread clinical applicability.
To this end, we aimed to further validate in a completely
different cohort of patients with COVID-19 (validation cohort),
derived from a low incidence and mortality country (Greece), the
association of RDW threshold of 14.5%, previously published by
Foy et al. (derivation cohort) with markers of disease progression
and mortality (11).

METHODS

This was an observational, multicentric study enrolling patients
from six reference centers for COVID-19 in Greece. From
February 26 to May 15 2020 epidemiological and laboratory
data from patients hospitalized for COVID-19 were collected
on a prospective basis. The study was approved by the
Institutional Review Board and the Local Ethics Committee
(Protocol Number: 8681/1-4-20). Diagnosis of COVID-19 was
based on a positive real-time reverse transcriptase polymerase
chain reaction of an upper respiratory nasopharyngeal (or
oropharyngeal) swab. Disease progression and severity
was estimated by maximum FiO2% during hospitalization
and mortality. We applied the suggested cut-off threshold
of 14.5% for RDW and divided patients into high group
(RDW ≥ 14.5%) and low group (RDW < 14.5%). The
cut-off threshold for RDW in our laboratories was 14.8%.
Nonetheless, RDW is calculated based on a standardized
technique involving the width of red cells’ distribution
curve and mean cell size. In particular, it is calculated by
dividing the standard deviation of the mean cell size by
the mean corpuscular volume of red cells and multiplying
by 100 to convert to a percentage. Mann-Whitney test was
applied to assess differences in maximum FiO2% during
hospitalization between high and low RDW group. Kaplan-
Meier method was used to analyze survival for patients stratified

TABLE 1 | Baseline characteristics.

Characteristics (N, %)

Total number of patients 193

Age median (%95 CI) 61 (58 to 64)

Males/Females 139/54

Current/ Ex-smokers 83 (43%)

Never smokers 110 (57%)

RDW (%) median (95% CI) 12.8 (95%: 12.6 to 13.1)

Inpatient 193/193 (100%)

Mechanical ventilation 38/193 (19.7%)

Hypertension 62/193 (32.1%)

Diabetes mellitus 17/193 (8.8%)

Cancer 13/193 (6.7%)

Hypothyroidism 9/193 (4.7%)

Atrial fibrillation 8/193 (4.1%)

Heart failure 5/193 (2.6%)

COPD 4/193 (2.1%)

Asthma 2/193 (1.0%)

COPD, Chronic Obstructive Pulmonary Disease; RDW, Red cell distribution width.

TABLE 2 | Therapeutic compounds administered to study population.

Characteristics (N, %)

Azithromycin 175/193 (90.7%)

Hydroxychloroquine 170/193 (88.1%)

Low molecular weight heparin (prophylactic dose) 166/193 (86.0%)

Other antibiotics 163/193 (84.4%)

Lopinavir/Ritonavir 33/193 (17.1%)

Colchicine 9/193 (4.7%)

Tocilizumab 5/193 (2.6%)

Remdesivir 3/193 (1.6%)

Anakinra 2/193 (1.0%)

by RDW on admission. p-values < 0.05 were considered
statistically significant.

RESULTS

A total number of 193 hospitalized patients with COVID-19
were enrolled and analyzed (Table 1). Median age was 61 years
(95% CI: 58–64). Patients were mostly males (n = 139, 72%)
and never smokers (n = 110, 57%). Thirty eight patients (n =

38, 19.7%) required mechanical ventilation at any time during
hospitalization. There were no patients under the status— “Do
Not Attempt Resuscitation” - in this study group of the first
wave of the pandemic. Comorbidities of the study group are
summarized in Table 1. All patients were hospitalized and the
majority of them received the standard of care at the time of
the first wave (azithromycin, hydroxychloroquine, prophylactic
dose of lowmolecular weight heparin). Treatment regimens were
relatively homogeneous based on the national protocol. Further
details for treatment modalities are presented in Table 2.
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FIGURE 1 | (A) Maximum FiO2% during hospitalization was significantly higher

for patients with SARS-CoV-2 infection and RDW ≥ 14.5% on admission

(median: 100, 95% CI: 45.2–100) compared to patients with SARS-CoV-2

infection and RDW < 14.5% on admission (median: 35, 95% CI: 31–40), (p =

0.001). (B) Kaplan-Meier survival curve using the RDW cut-off threshold of

14.5%. The cut-off threshold of 14.5% differentiated high from low-risk

mortality groups. HR = 4.1, 95% CI = 0.88–19.23.

We reported a median RDW on admission of 12.8% (95%:
12.6–13.1). By applying RDW cut-off threshold of 14.5%, as
suggested by Foy et al. we managed to identify a subgroup
of patients with more advanced disease (high group, n =

41, 19.2%) compared to the low group (n = 156, 80.8%) as
indicated by significant differences in maximum FiO2% during
hospitalization (median: 100, 95% CI: 45.2–100, vs. 35, 95%
CI: 31–40, p = 0.0001, respectively) Figure 1A. Interestingly,
values of RDW ≥14.5% were strongly associated with increased
risk of mortality in the unadjusted analysis (HR: 4.1, 95% CI:
0.88–19.23), (p = 0.02), (data for mortality available for 162
patients) (Figure 1B). RDW was not an independent risk factor
for mortality when adjusted for age, gender, body mass index
and comorbid conditions. However, in the unadjusted analysis,
RDW was associated with higher risk of mortality. Finally,
RDW could not determine ICU admission in our cohort (data
not shown).

DISCUSSION

Our study demonstrated that baseline RDW is associated both
with disease severity and mortality in patients with COVID-19.
Our findings exhibit a number of significant attributes that need
to be outlined. To our knowledge, this is the first study in the

literature that reproduces prognostic accuracy of a previously
published threshold of RDW in a completely independent
cohort of patients with COVID-19. The reproducibility and
concordance of our data support the notion that RDWmay serve
as a reliable prognosticator and a clinician’s friendly biomarker
accessible to almost every physician in the world, for patients with
COVID-19 (11).

Interestingly, our cohort exhibited lower median RDW
levels (12.8%) compared to Foy et al. (survivors: 13.8%, non-
survivors:15%) (11). In addition, our cohort exhibited higher
percentage of patients (n = 156, 80.8%) below the suggested cut-
off threshold for RDW (14.5%) compared to Foy et al. (n= 1173,
71.5%) (11). These differences might be explained by different
stages of disease severity between two cohorts. Given that RDW
has been suggested as a biomarker of hypoxia, low RDW
on admission in Greece may reflect timely implementation of
lockdown and meticulous application of prophylactic measures
from patients with chronic lung diseases during the first wave of
the pandemic (3.1% of our cohort, n = 6) (12). However, exact
association of RDW with hypoxia remains to be addressed and
elevation of RDWmight be associated with alternative pathways.
The design of this study cannot lead to definite conclusions. Thus,
RDW might instead reflect the severity of lung injury or the
underlying comorbid conditions of each cohort.

Despite these attributes, our study exhibited a number of
limitations that need to be addressed. We chose maximum
FiO2 instead of PaO2/FiO2 due to the fact that PaO2/FiO2 was
not available from all centers. We acknowledge that maximum
FiO2 required does not directly reflect patients’ physiological
status, but is also partly dependent on institutional strategy of
respiratory support. Moreover, RDW was not an independent
risk factor for mortality when adjusted for age, gender, body
mass index and comorbid conditions. However, in the unadjusted
analysis, RDW was associated with higher risk of mortality.
Furthermore, our study was not designed to delineate potential
mechanisms underlying RDW increases in the context of
COVID-19. SARS-CoV-2 infection has been associated with
altered turnover in all white blood cells lineages, as well as
with altered platelet dynamics (13). Increases in RDW may not
only reflect compensatory upregulation due to excessive blood
hypoxemia but also counterregulatory changes of red blood
cells turnover due to increased white blood cells and platelet
kinetics (14–16). However, the concept that RDW is a non-
specific biomarker of general illness and is affected by many
confounding factors particularly in the setting of the multi-
systemic inflammatory reaction of SARS-CoV-2 infection seems
reasonable (11). We believe that a causal -effect relationship
between SARS-CoV-2 infection and elevated RDW is highly
unlikely. Instead, it is more likely that increased RDW is
indicative of patients’ comorbidome and thus may identify those
patients at increased risk for mortality.

In conclusion, our study provides evidence to support
reproducibility and validity of a specified cut-off threshold
of RDW as biomarker of disease severity and mortality
in two independent cohorts of COVID-19 patients.
Further investigation of the exact role of RDW in SARS-
CoV-2-infection may reveal mechanisms of potential
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therapeutic interest. Longitudinal epidemiological studies
and population-based analyses are sorely needed to prove
these concepts.
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