
Journal of

Clinical Medicine

Article

Red Blood Cell Distribution Width, Disease Severity, and
Mortality in Hospitalized Patients with SARS-CoV-2 Infection:
A Systematic Review and Meta-Analysis

Angelo Zinellu 1 and Arduino A. Mangoni 2,*

����������
�������

Citation: Zinellu, A.; Mangoni, A.A.

Red Blood Cell Distribution Width,

Disease Severity, and Mortality in

Hospitalized Patients with

SARS-CoV-2 Infection: A Systematic

Review and Meta-Analysis. J. Clin.

Med. 2021, 10, 286. https://doi.org/

10.3390/jcm10020286

Received: 4 December 2020

Accepted: 12 January 2021

Published: 14 January 2021

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional clai-

ms in published maps and institutio-

nal affiliations.

Copyright: © 2021 by the authors. Li-

censee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and con-

ditions of the Creative Commons At-

tribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Biomedical Sciences, University of Sassari, 07100 Sassari, Italy; azinellu@uniss.it
2 Discipline of Clinical Pharmacology, College of Medicine and Public Health, Flinders University and Flinders

Medical Centre, Adelaide, SA 5042, Australia
* Correspondence: arduino.mangoni@flinders.edu.au; Tel.: +61-8-8204-7495; Fax: +61-8-8204-5114

Abstract: The identification of biomarkers predicting disease severity and outcomes is the focus
of intense research in patients with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2
infection). Ideally, such biomarkers should be easily derivable from routine tests. We conducted a
systematic review and meta-analysis of the predictive role of the red blood cell distribution width
(RDW), a routine hematological test, in patients with SARS-CoV-2 infection. We searched the
electronic databases PubMed, Web of Science and Scopus, from January 2020 to November 2020,
for studies reporting data on the RDW and coronavirus disease 2019 (COVID-19) severity, defined
as severe illness or admission to the intensive care unit (ICU), and mortality. Eleven studies in
4901 COVID-19 patients were selected for the meta-analysis. Pooled results showed that the RDW
values were significantly higher in patients with severe disease and non-survivors (standard mean
difference, SMD = 0.56, 95% CI 0.31 to 0.81, p < 0.001). Heterogeneity between studies was extreme
(I2 = 80.6%; p < 0.001). In sensitivity analysis, the effect size was not modified when each study
was in turn removed (effect size range, between 0.47 and 0.63). The Begg’s (p = 0.53) and Egger’s
tests (p = 0.52) showed no evidence of publication bias. No significant correlations were observed
between SMD and age, gender, whole blood count, end point, study geographic area, or design. Our
meta-analysis showed that higher RDW values are significantly associated with COVID-19 severity
and mortality. This routine parameter might assist with early risk stratification in patients with
SARS-CoV-2 infection.

Keywords: red blood cell distribution width; COVID-19; disease severity; mortality

1. Introduction

Coronavirus disease 2019 (COVID-19) is a condition caused by the severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2), the agent responsible for the ongoing global
pandemic. Patients with severe forms of COVID-19 exhibit a systemic pro-inflammatory
state with associated oxidant stress, coagulation disorders, and multiorgan compromise.
This clinical picture often requires intensive care treatment and, potentially, might lead
to death [1–3]. Proven therapies, pending the widespread distribution of effective vac-
cines, are limited to the glucocorticoid agent dexamethasone [4,5], with some evidence
regarding the antiviral agent remdesivir [6] and the use of anticoagulants [7]. Therefore,
the identification of early markers of disease severity would greatly facilitate the selection
of COVID-19 patients requiring more aggressive monitoring and management and the ju-
dicious use of healthcare resources. Ideally, such markers should be relatively inexpensive
and easy to derive, for example from routine tests conducted in this group on admission
and throughout the hospitalization. There is good evidence that severe COVID-19 is as-
sociated with significant alterations of routine hematological parameters, particularly an
increased neutrophil to lymphocyte ratio, thrombocytopaenia, a prolonged pro-thrombin
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time, and high D-dimer concentrations [8,9]. A routine hematological parameter that has
been relatively less studied, in terms of predictive capacity, in this patient population is
the red blood cell distribution width (RDW), defined as the coefficient of variation in the
volume of circulating red blood cells expressed as a percentage [10,11]. Alterations in the
RDW, particularly its elevation that reflects an increased heterogeneity in the volume of red
blood cells (anisocytosis), are associated with physiological events, e.g., pregnancy [12], as
well as several disease states, particularly cardiovascular and respiratory disease, critical
illness, sepsis, and cancer [10]. Elevations of the RDW can be secondary to a reduced
clearance of older red blood cells in the spleen and liver and/or a reduced red blood
cell production in the bone marrow. The latter has been proposed to occur in the setting
of a concomitant increased leukocyte and/or platelet production in pro-inflammatory
states [10]. Given that the RDW has been shown to have a good predictive capacity toward
adverse clinical outcomes in several acute and chronic disease states [13–20], we conducted
a systematic review and meta-analysis of the available evidence on the association between
the RDW and measures of disease severity and survival status specifically in patients with
SARS-CoV-2 infection.

2. Methods
2.1. Search Strategy, Eligibility Criteria, and Study Selection

We conducted a literature search, using the terms “RDW” or “red cell distribution
width” and “coronavirus disease 19” or “COVID-19,” in the electronic databases PubMed,
Web of Science, and Scopus, from January 2020 to November 2020, to identify peer-reviewed
studies reporting RDW values, measures of COVID-19 severity, specifically disease severity
or admission to the intensive care unit (ICU), and mortality. The references of the retrieved
articles were also searched to identify additional studies. Eligibility criteria for study
inclusion were the following: (a) Studies reporting continuous data on RDW values in
COVID-19 patients; (b) articles investigating COVID-19 patients with different disease
severity or clinical outcomes, particularly mortality; (c) articles on adult patients; (d) articles
in English; and (e) full-text article available. Two investigators independently screened
abstracts to establish relevance. If relevant, the two investigators independently reviewed
the full articles. We used the Newcastle-Ottawa scale to assess the quality of each study.
The scale evaluates the following components: cohort selection, cohort comparability on the
basis of the design or analysis, how the exposure was determined, and how the outcomes
of interest were evaluated. Studies with a score of six or more were considered to be of
high quality [21]. No specific review protocol was developed.

2.2. Statistical Analysis

Standardized mean differences (SMD) were used to build forest plots of continuous
data and to evaluate differences in RDW values between COVID-19 patients with low
vs. high disease severity or survivor vs. non-survivor status. A p-value < 0.05 was
considered statistically significant, and 95% confidence intervals (CIs) were reported.
When RDW values were reported as median and interquartile range (IQR), the mean and
standard deviation were derived as previously described [22]. The Q-statistic was used
to test the between-study heterogeneity in SMD values (the significance level was set at
p < 0.10). Inconsistency across studies was evaluated through the I2 statistic (I2 < 25%, no
heterogeneity; I2 between 25% and 50%, moderate heterogeneity; I2 between 50% and 75%,
large heterogeneity; and I2 > 75%, extreme heterogeneity) [23,24]. A random-effects model
was used, in the presence of a high heterogeneity, to calculate the pooled SMD values and
the corresponding 95% confidence intervals. The influence of each individual study on
the overall effect size estimate was investigated using sensitivity analysis, by sequentially
excluding one study at a time [25]. The associations between study size and magnitude
of effect were analyzed using the Begg’s adjusted rank correlation test and the Egger’s
regression asymmetry test, at the p < 0.05 level of significance, to assess the presence of
potential publication bias [26,27]. The Duval and Tweedie “trim and fill” procedure was



J. Clin. Med. 2021, 10, 286 3 of 12

used to further test the possible effect of publication bias [28]. This method recalculates
a pooled SMD by incorporating the hypothetical missing studies as though they actually
existed, to augment the observed data so that the funnel plot is more symmetric. Statistical
analyses were performed using Stata 14 (STATA Corp., College Station, TX, USA). The study
was fully compliant with the PRISMA statement regarding the reporting of systematic
reviews and meta-analyses [29].

3. Results
3.1. Literature Search and Study Selection

A flow chart describing the screening process is presented in Figure 1. We initially
identified 44 studies. A total of 32 studies were excluded because they were either dupli-
cates or irrelevant. After a full-text review of the remaining 12 articles, one further study
was excluded because of missing information. Thus, 11 studies were included in the meta-
analysis [30–40]. Their characteristics are presented in Table 1. A total of 4901 COVID-19
patients were studied, 4247 (50% males, mean age 52 years) with low severity or who sur-
vived and 654 (57% males, mean age 66 years) with high severity or who died. Two studies
were prospective [34,36], while the remaining nine were retrospective [30–33,35,37–40]. Six
studies were performed in Asia [30,33,35,38–40], three in Europe [32,36,37], and two in
America [31,34]. End points included disease severity based on current clinical guide-
lines in six studies [30,33–35,39,40], survival in three [31,36,37], and transfer to ICU in
two [32,38].
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First Author, 
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Study 

Design Outcome NOS 
(Stars) n 
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(Years) 

Gender 
(M/F) 

RDW 
(%, Mean ± SD) n 

Age 
(Years) 

Gender 
(M/F) 

RDW 
(%, Mean ± SD) 

Asan A., et al. [30], 
Turkey 

R 
Severe 

Non-severe 
7 668 41 316/352 13.1 ± 0.9 27 69 15/12 13.8 ± 2.3 

Brody H.F., et al. 
[31], USA 

R 
Survivor 

Non-survivor 
8 1365 60 723/642 13.8 ± 1.8 276 75 163/113 15.0 ± 2.2 

de La Rica R., et al. 
[32], Spain 

R 
ICU 

Non-ICU 
7 21 66 18/3 12.2 ± 1.8 27 66 14/13 12.4 ± 1.0 

Gong J., et al. [33}, 
China 

R 
Severe 

Non-severe 
7 161 45 72/89 12.2 ± 0.7 28 64 16/12 12.8 ± 0.6 

Henry B.M., et al. 
[34], USA 

P 
Severe 

Non-severe 
7 33 49 19/14 14.3 ± 1.4 16 63 10/6 16.4 ± 3.0 

Figure 1. Flow chart of study selection.



J. Clin. Med. 2021, 10, 286 4 of 12

Table 1. Characteristics of the selected studies in COVID-19 patients, according to disease severity and survival status.

Mild Disease or Survivor Severe Disease or Non-Survivor

First Author,
Country

Study
Design Outcome NOS

(Stars) n Age
(Years)

Gender
(M/F)

RDW
(%, Mean ± SD) n Age

(Years)
Gender
(M/F)

RDW
(%, Mean ± SD)

Asan A., et al. [30],
Turkey R Severe

Non-severe 7 668 41 316/352 13.1 ± 0.9 27 69 15/12 13.8 ± 2.3

Brody H.F., et al. [31], USA R Survivor
Non-survivor 8 1365 60 723/642 13.8 ± 1.8 276 75 163/113 15.0 ± 2.2

de La Rica R., et al. [32],
Spain R ICU

Non-ICU 7 21 66 18/3 12.2 ± 1.8 27 66 14/13 12.4 ± 1.0

Gong J., et al. [33],
China R Severe

Non-severe 7 161 45 72/89 12.2 ± 0.7 28 64 16/12 12.8 ± 0.6

Henry B.M., et al. [34], USA P Severe
Non-severe 7 33 49 19/14 14.3 ± 1.4 16 63 10/6 16.4 ± 3.0

Lin S., et al. [35],
China R Severe

Non-severe 7 22 44 11/11 12.4 ± 0.7 46 56 29/17 12.5 ± 0.8

Lorente L., et al. [36],
Spain P Survivor

Non-survivor 7 118 64 53/65 13.4 ± 1.5 25 71 7/18 13.3 ± 2.2

Paliogiannis P., et al. [37],
Italy R Survivor

Non-survivor 7 21 64 12/9 15.6 ± 1.3 9 82 8/1 16.6 ± 1.5

Solmaz I., et al. [38],
Turkey R ICU

Non-ICU 7 1772 47 881/891 13.7 ± 2.8 178 66 96/82 14.2 ± 1.8

Wang C., et al. (a) [39],
China R Severe

Non-severe 7 31 56 18/13 12.4 ± 0.5 12 67 7/5 14.0 ± 1.3

Wang C., et al. (b) [40],
China R Severe

Non-severe 7 35 38 17/18 12.3 ± 0.5 10 43 6/4 12.6 ± 0.7

ICU: intensive care unit; Non-severe: patients with mild or moderate disease; NOS: Newcastle-Ottawa quality assessment scale for case-control studies; P: prospective; R: retrospective; Severe: patients with
severe or critical disease. RDW: red blood cell distribution width.
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3.2. Meta-Analysis

The overall SMD in RDW values between COVID-19 patients with mild vs. severe
disease or survivor vs. non-survivor status in the 11 studies is shown in Figure 2. In 10 of
these studies, patients with severe disease or non-survivor status displayed higher RDW
values when compared to those with mild disease or survivor status (mean difference
range, 0.13 to 2.01) [30–35,37–40]. However, the difference was not statistically significant
in four studies [32,35,37,40]. In the remaining study, the RDW values were mildly, non-
significantly, higher in patients with mild disease or survivor status (mean difference,
−0.06) [36]. The pooled results confirmed that the RDW values were significantly higher in
patients with severe disease or non-survivor status (SMD 0.56, 95% CI 0.31 to 0.81, p < 0.001)
(Figure 2). Extreme heterogeneity between studies was observed (I2 = 80.6%; p < 0.001).
Sensitivity analysis showed that the effect size was not affected when each study was in
turn removed (effect size range, between 0.47 and 0.63) (Figure 3). The Begg’s (p = 0.53) and
Egger’s tests (p = 0.52) showed no evidence of publication bias. However, the trim-and-fill
method identified one potential missing study to add on the left side of the funnel plot
to ensure symmetry (Figure 4). The adjusted SMD value was attenuated but remained
statistically significant (SMD 0.47, 95% CI 0.21 to 0.74, p = 0.001). To explore the possible
contributors to the between-study variance, we investigated the effects of age, gender,
publication geographic area, end points, study design (retrospective vs. prospective) and
the inflammation biomarker white blood cell (WBC) count on the SMD by univariate
meta-regression analysis. No statistically significant correlations were observed between
the SMD and age (t = −0.09, p = 0.93), gender (t = 0.56, p = 0.59) and WBC (t = 0.56, p = 0.59).
The pooled SMD value for mild/severe disease studies (0.83, 95% CI 0.42 to 1.23, p < 0.001;
I2 = 70.1%, p = 0.005) was higher than that observed in survivor/non-survivor status
studies (0.42, 95% CI −0.10 to 0.94, p = 0.11; I2 = 78.8%, p = 0.009) and in ICU/non-ICU
studies (0.18, 95% CI 0.03 to 0.33, p = 0.017; I2 = 0.0%, p = 0.89) however the difference was
not statistically significant by meta regression analysis (t = −1.30, p = 0.22, Figure 5). In
addition, the pooled SMD value in American studies (0.70, 95% CI 0.43 to 0.98, p = 0.002;
I2 = 26.2%, p = 0.25) was lower than that observed in Asian (0.67, 95% CI 0.24 to 1.10,
p < 0.001; I2 = 84.2%, p < 0.001) and European studies (0.17, 95% CI −0.24 to 0.57, p = 0.44;
I2 = 31.7%, p = 0.23) although, also in this case, the difference was not statistically significant
(t = −0.04, p = 0.97, Figure 6). However, a relatively lower heterogeneity was observed in
ICU/non-ICU, I2 = 0.0%, American, I2 = 26.2%, and European, I2 = 31.7%, studies. Finally,
non-significant differences (t = −0.42, p = 0.68) were also observed between pooled SMD
values from retrospective (0.59, 95% CI 0.32 to 0.86, p < 0.001; I2 = 81.2%, p < 0.001) and
prospective studies (0.46, 95% CI −0.61 to 1.52, p = 0.40; I2 = 80.6%, p < 0.001, Figure 7).
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4. Discussion

In our systematic review and meta-analysis, the RDW values were significantly higher
in COVID-19 patients with severe disease, i.e., those with severe clinical manifestations
of the disease or requiring admission to the ICU, or non-survivor status when compared
to patients with mild disease or survivor status. Despite the extreme between-study
heterogeneity sensitivity analysis showed that the overall effect size was not significantly
affected when individual studies were removed. Furthermore, there was no evidence of
publication bias. Notably, the SMD was not significantly associated with several variables,
such as age, gender, WBC, type of end point studied (disease severity, admission to ICU,
or survival), study geographic area or design (retrospective vs. prospective). Our meta-
analysis provides useful information regarding the available evidence on the association
between the RDW and a number of different clinical endpoints, i.e., COVID-19 severity,
transfer to ICU, or survival status. This might further assist with early risk stratification
and selection of personalized treatment strategies.

The RDW, a parameter reported in the vast majority of standard hematological tests
performed in primary care and hospital settings across the globe, reflects the degree of
heterogeneity of the volume of red blood cells. The presence of a relatively high degree
of heterogeneity is known as anisocytosis [11]. The RDW is typically calculated as the
standard deviation of the volume of red blood cells divided by their mean corpuscular
volume. The obtained value is then multiplied by 100, which leads to the final RDW
value, expressed as a percentage [10,11]. While RDW values below the normal range are
extremely rare in clinical practice, and of dubious significance, values above this range
are commonly observed in a number of physiological and pathological states [10,12].
Furthermore, and perhaps more importantly, higher RDW values have been shown to
independently predict adverse clinical outcomes in systematic reviews and meta-analyses
focusing on specific disease states, particularly hematological malignancies, solid cancers,
heart failure, ischemic heart disease, stroke, critical illness, and sepsis [13–19]. However, it
is not possible to compare the effect size between our meta-analysis and these studies as the
results in the latter were expressed as risk ratio, odds ratio, or hazard ratio. Therefore, while
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the available evidence suggests that higher RDW values represent a non-specific marker of
disease, which likely reflects alterations in red blood cell turnover in response to an excess
production of other cells in the bone marrow in the context of systemic inflammation, this
parameter might assist in management decisions in hospitalized patients with COVID-19,
a relatively new and potentially lethal viral disease with limited therapeutic options. For
example, higher RDW values on admission might help identify those patients that are
more at risk of developing severe clinical manifestations, potentially requiring intensive
monitoring and early transfer to an ICU setting. This might provide a number of benefits in
terms of patient outcomes, length of stay, and resource allocation, particularly in situations
of high patient load and staff shortages.

The exact mechanisms underlying the increased RDW values in severe COVID-19
patients and in those who succumb to the disease are unclear. However, the presence
of a significant, systemic, pro-inflammatory, and pro-oxidant state in this cohort might
play a role. For example, the presence of reduced circulating antioxidant factors has been
shown to be negatively associated with the RDW, possibly through an excessive turnover
of red blood cells [41,42]. Furthermore, the presence of a pro-inflammatory state, and the
release of specific cytokines, can inhibit the synthesis or the activity of erythropoietin, the
hormone primarily responsible for the production of red blood cells in the bone marrow,
alter iron metabolism and reduce survival of mature red blood cells, all factors contributing
to an elevation of the RDW [43,44]. The co-existence of pro-inflammatory and pro-oxidant
disease states that are associated with both increased RDW values and poor COVID-19
outcomes, e.g., obesity, chronic kidney disease and diabetes [45–47], might explain, at least
in part, the association between the RDW and COVID-19 disease severity and mortality.

A systematic review and meta-analysis has previously investigated whether RDW val-
ues predict severe disease in patients with SARS-CoV-2 infection [48]. While the reported
weighted mean difference between patients with and without severe disease are compa-
rable with those observed in our study (0.69 vs. 0.56%) only three studies were assessed,
including a study published in MedRxiv but not peer reviewed. As this study remains
unpublished following peer review, at the time our literature search was conducted, it was
not included in our systematic review and meta-analysis [49]. Furthermore, given the sub-
stantially larger number of studies identified (n = 11), in our meta-analysis we also assessed
the SMD values according to specific end-points (disease severity, ICU admission, and
death), geographical area were the studies were conducted, and study design (prospective
vs. retrospective). While the extreme between-study heterogeneity represents a potential
limitation, which curtails the interpretation of the results, the overall effect size was not
significantly affected in sensitivity analysis and, reassuringly, no evidence of publication
bias was observed. Despite conducting further analyses to identify the potential source of
heterogeneity, no significant associations were observed between the SMD values and a
number of clinical, demographic, and study characteristics. However, sub-group analysis
showed relatively lower values of heterogeneity in ICU/non-ICU, American, and Euro-
pean studies, suggesting that specific end points and publication geographic area may, at
least partially, contribute to the observed between-study variance. It is possible that other,
unreported, factors might have contributed to the observed heterogeneity. One such factor
is the method used for red blood cell analysis and RDW measurement. An excellent review
on the topic highlights this as a potential source of variability between different studies that
use specific analyzers and advocates an increasing adherence by the manufacturers to the
recommendations issued by the International Council for Standardization in Hematology
regarding the standardization of red blood cell distribution curve analysis [10,50].

In conclusion, our systematic review and meta-analysis has shown that higher RDW
values are significantly associated with high disease severity and mortality in patients
with SARS-CoV-2 infection. The RDW, singly or used in combination with clinical and
demographic parameters and/or other markers of inflammation or altered hematological
hemostasis, might represent a relatively inexpensive and easy to derive biomarker to guide
early management decisions in patients with COVID-19.
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30. Asan, A.; UstUnda, G.Y.; Koca, N.; ŞİmŞek, A.; Sayan, H.E.; Parildar, H.; Dalyan, C.B.; Huysal, K. Do initial hematologic indices
predict the severity of COVID-19 patients? Turk. J. Med. Sci. 2020, 10. [CrossRef]

31. Foy, B.H.; Carlson, J.C.T.; Reinertsen, E.; Padros, I.V.R.; Lopez, R.P.; Palanques-Tost, E.; Mow, C.; Westover, M.B.; Aguirre, A.D.;
Higgins, J.M. Association of Red Blood Cell Distribution Width With Mortality Risk in Hospitalized Adults with SARS-CoV-2
Infection. JAMA Netw. Open 2020, 3, e2022058. [CrossRef]

32. de la Rica, R.; Borges, M.; Aranda, M.; Del Castillo, A.; Socias, A.; Payeras, A.; Rialp, G.; Socias, L.; Masmiquel, L.; Gonzalez-Freire,
M. Low Albumin Levels Are Associated with Poorer Outcomes in a Case Series of COVID-19 Patients in Spain: A Retrospective
Cohort Study. Microorganisms 2020, 8, 1106. [CrossRef] [PubMed]

33. Gong, J.; Ou, J.; Qiu, X.; Jie, Y.; Chen, Y.; Yuan, L.; Cao, J.; Tan, M.; Xu, W.; Zheng, F.; et al. A Tool for Early Prediction of Severe
Coronavirus Disease 2019 (COVID-19): A Multicenter Study Using the Risk Nomogram in Wuhan and Guangdong, China. Clin.
Infect. Dis. 2020, 71, 833–840. [CrossRef]

34. Henry, B.M.; Benoit, J.L.; Benoit, S.; Pulvino, C.; Berger, B.A.; Olivera, M.H.S.; Crutchfield, C.A.; Lippi, G. Red Blood Cell
Distribution Width (RDW) Predicts COVID-19 Severity: A Prospective, Observational Study from the Cincinnati SARS-CoV-2
Emergency Department Cohort. Diagnostics (Basel) 2020, 10, 618. [CrossRef]

35. Lin, S.; Mao, W.; Zou, Q.; Lu, S.; Zheng, S. Associations between hematological parameters and disease severity in patients with
SARS-CoV-2 infection. J. Clin. Lab. Anal. 2020, e23604. [CrossRef]

36. Lorente, L.; Martin, M.M.; Argueso, M.; Sole-Violan, J.; Perez, A.; Ramos, J.; Ramos-Gomez, L.; Lopez, S.; Franco, A.; Gonzalez-
Rivero, A.F.; et al. Association between red blood cell distribution width and mortality of COVID-19 patients. Anaesth. Crit. Care
Pain Med. 2020, 100777. [CrossRef] [PubMed]

37. Paliogiannis, P.; Zinellu, A.; Scano, V.; Mulas, G.; De Riu, G.; Pascale, R.M.; Arru, L.B.; Carru, C.; Pirina, P.; Mangoni, A.A.; et al.
Laboratory test alterations in patients with COVID-19 and non COVID-19 interstitial pneumonia: A preliminary report. J. Infect.
Dev. Ctries. 2020, 14, 685–690. [CrossRef] [PubMed]

38. Solmaz, I.; Ozcaylak, S.; Alakus, O.F.; Kilic, J.; Kalin, B.S.; Guven, M.; Arac, S.; Akkoc, H. Risk factors affecting ICU admission in
COVID-19 patients; Could air temperature be an effective factor? Int. J. Clin. Pr. 2020, e13803. [CrossRef] [PubMed]

39. Wang, C.; Zhang, H.; Cao, X.; Deng, R.; Ye, Y.; Fu, Z.; Gou, L.; Shao, F.; Li, J.; Fu, W.; et al. Red cell distribution width (RDW): A
prognostic indicator of severe COVID-19. Ann. Transl. Med. 2020, 8, 1230. [CrossRef]

40. Wang, C.; Deng, R.; Gou, L.; Fu, Z.; Zhang, X.; Shao, F.; Wang, G.; Fu, W.; Xiao, J.; Ding, X.; et al. Preliminary study to identify
severe from moderate cases of COVID-19 using combined hematology parameters. Ann. Transl. Med. 2020, 8, 593. [CrossRef]

41. Friedman, J.S.; Lopez, M.F.; Fleming, M.D.; Rivera, A.; Martin, F.M.; Welsh, M.L.; Boyd, A.; Doctrow, S.R.; Burakoff, S.J. SOD2-
deficiency anemia: Protein oxidation and altered protein expression reveal targets of damage, stress response, and antioxidant
responsiveness. Blood 2004, 104, 2565–2573. [CrossRef] [PubMed]

42. Semba, R.D.; Patel, K.V.; Ferrucci, L.; Sun, K.; Roy, C.N.; Guralnik, J.M.; Fried, L.P. Serum antioxidants and inflammation predict
red cell distribution width in older women: The Women’s Health and Aging Study I. Clin. Nutr. 2010, 29, 600–604. [CrossRef]
[PubMed]

43. Weiss, G.; Goodnough, L.T. Anemia of chronic disease. N. Engl. J. Med. 2005, 352, 1011–1023. [CrossRef] [PubMed]
44. Kiefer, C.R.; Snyder, L.M. Oxidation and erythrocyte senescence. Curr. Opin. Hematol. 2000, 7, 113–116. [CrossRef] [PubMed]
45. Palaiodimos, L.; Kokkinidis, D.G.; Li, W.; Karamanis, D.; Ognibene, J.; Arora, S.; Southern, W.N.; Mantzoros, C.S. Severe obesity,

increasing age and male sex are independently associated with worse in-hospital outcomes, and higher in-hospital mortality, in a
cohort of patients with COVID-19 in the Bronx, New York. Metabolism 2020, 108, 154262. [CrossRef] [PubMed]

46. Petrilli, C.M.; Jones, S.A.; Yang, J.; Rajagopalan, H.; O’Donnell, L.; Chernyak, Y.; Tobin, K.A.; Cerfolio, R.J.; Francois, F.; Horwitz,
L.I. Factors associated with hospital admission and critical illness among 5279 people with coronavirus disease 2019 in New York
City: Prospective cohort study. BMJ 2020, 369, m1966. [CrossRef] [PubMed]

47. Palaiodimos, L.; Chamorro-Pareja, N.; Karamanis, D.; Li, W.; Zavras, P.D.; Chang, K.M.; Mathias, P.; Kokkinidis, D.G. Diabetes
is associated with increased risk for in-hospital mortality in patients with COVID-19: A systematic review and meta-analysis
comprising 18,506 patients. Hormones (Athens) 2020, 1–10. [CrossRef]

http://doi.org/10.1186/1471-2288-11-41
http://doi.org/10.1002/sim.1186
http://www.ncbi.nlm.nih.gov/pubmed/12111919
http://doi.org/10.2307/2533446
http://www.ncbi.nlm.nih.gov/pubmed/7786990
http://doi.org/10.1016/S0895-4356(01)00377-8
http://doi.org/10.1111/j.0006-341X.2000.00455.x
http://www.ncbi.nlm.nih.gov/pubmed/10877304
http://doi.org/10.1136/bmj.b2700
http://doi.org/10.3906/sag-2007-97
http://doi.org/10.1001/jamanetworkopen.2020.22058
http://doi.org/10.3390/microorganisms8081106
http://www.ncbi.nlm.nih.gov/pubmed/32722020
http://doi.org/10.1093/cid/ciaa443
http://doi.org/10.3390/diagnostics10090618
http://doi.org/10.1002/jcla.23604
http://doi.org/10.1016/j.accpm.2020.10.013
http://www.ncbi.nlm.nih.gov/pubmed/33171297
http://doi.org/10.3855/jidc.12879
http://www.ncbi.nlm.nih.gov/pubmed/32794454
http://doi.org/10.1111/ijcp.13803
http://www.ncbi.nlm.nih.gov/pubmed/33140881
http://doi.org/10.21037/atm-20-6090
http://doi.org/10.21037/atm-20-3391
http://doi.org/10.1182/blood-2003-11-3858
http://www.ncbi.nlm.nih.gov/pubmed/15205258
http://doi.org/10.1016/j.clnu.2010.03.001
http://www.ncbi.nlm.nih.gov/pubmed/20334961
http://doi.org/10.1056/NEJMra041809
http://www.ncbi.nlm.nih.gov/pubmed/15758012
http://doi.org/10.1097/00062752-200003000-00007
http://www.ncbi.nlm.nih.gov/pubmed/10698298
http://doi.org/10.1016/j.metabol.2020.154262
http://www.ncbi.nlm.nih.gov/pubmed/32422233
http://doi.org/10.1136/bmj.m1966
http://www.ncbi.nlm.nih.gov/pubmed/32444366
http://doi.org/10.1007/s42000-020-00246-2


J. Clin. Med. 2021, 10, 286 12 of 12

48. Lippi, G.; Henry, B.M.; Sanchis-Gomar, F. Red Blood Cell Distribution Is a Significant Predictor of Severe Illness in Coronavirus
Disease 2019. Acta Haematol. 2020, 1–5. [CrossRef] [PubMed]

49. Levy, T.J.; Richardson, S.; Coppa, K.; Barnaby, D.P.; McGinn, T.; Becker, L.B.; Davidson, K.W.; Cohen, S.L.; Hirsch, J.S.; Zanos, T.
Development and Validation of a Survival Calculator for Hospitalized Patients with COVID-19. medRxiv 2020. [CrossRef]

50. England, J.M.; Rowan, R.M.; Bull, B.S.; Coulter, W.H.; Groner, W.; Jones, A.R.; Koepke, J.A.; Lewis, S.M.; Shinton, N.K.; Thom, R.;
et al. ICSH recommendations for the analysis of red cell, white cell and platelet size distribution curves. Methods for fitting
a single reference distribution and assessing its goodness of fit. International Committee for Standardization in Haematology.
ICSH Expert Panel on Cytometry. Clin. Lab. Haematol. 1990, 12, 417–431.

http://doi.org/10.1159/000510914
http://www.ncbi.nlm.nih.gov/pubmed/32841949
http://doi.org/10.1101/2020.04.22.20075416

	Introduction 
	Methods 
	Search Strategy, Eligibility Criteria, and Study Selection 
	Statistical Analysis 

	Results 
	Literature Search and Study Selection 
	Meta-Analysis 

	Discussion 
	References

