
Citation: Hung, K.-C.; Huang, Y.-T.;

Chang, Y.-J.; Yu, C.-H.; Wang, L.-K.;

Wu, C.-Y.; Liu, P.-H.; Chiu, S.-F.; Sun,

C.-K. Association between

Fibrinogen-to-Albumin Ratio and

Prognosis of Hospitalized Patients

with COVID-19: A Systematic

Review and Meta-Analysis.

Diagnostics 2022, 12, 1678. https://

doi.org/10.3390/diagnostics12071678

Academic Editor: Alessandro Russo

Received: 23 June 2022

Accepted: 9 July 2022

Published: 10 July 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

diagnostics

Systematic Review

Association between Fibrinogen-to-Albumin Ratio and
Prognosis of Hospitalized Patients with COVID-19: A
Systematic Review and Meta-Analysis
Kuo-Chuan Hung 1,2 , Yen-Ta Huang 3 , Ying-Jen Chang 1,4 , Chia-Hung Yu 1, Li-Kai Wang 1,2 , Chung-Yi Wu 1,
Ping-Hsin Liu 5 , Sheng-Fu Chiu 6,*,† and Cheuk-Kwan Sun 7,8,*,†

1 Department of Anesthesiology, Chi Mei Medical Center, Tainan City 71004, Taiwan;
ed102605@gmail.com (K.-C.H.); 0201day@yahoo.com.tw (Y.-J.C.); dkntstar@hotmail.com (C.-H.Y.);
anesth@gmail.com (L.-K.W.); wcy34300-ad@yahoo.com.hk (C.-Y.W.)

2 Department of Hospital and Health Care Administration, College of Recreation and Health Management,
Chia Nan University of Pharmacy and Science, Tainan City 71710, Taiwan

3 Department of Surgery, National Cheng Kung University Hospital, College of Medicine,
National Cheng Kung University, Tainan City 70101, Taiwan; uncleda.huang@gmail.com

4 Department of Recreation and Health-Care Management, College of Recreation and Health Management,
Chia Nan University of Pharmacy and Science, Tainan City 71710, Taiwan

5 Department of Anesthesiology, E-Da Hospital, Kaohsiung City 82445, Taiwan; neoplasmboy@yahoo.com.tw
6 Department of Oral and Maxillofacial Surgery, Chi Mei Medical Center, Liouying, Tainan City 73657, Taiwan
7 Department of Emergency Medicine, E-Da Hospital, Kaohsiung City 82445, Taiwan
8 College of Medicine, I-Shou University, Kaohsiung City 84001, Taiwan
* Correspondence: aazazti11@gmail.com (S.-F.C.); researchgate000@gmail.com (C.-K.S.)
† These authors contributed equally to this work.

Abstract: Although the fibrinogen-to-albumin ratio (F/R ratio) has been used as an inflammation
marker to predict clinical outcomes in patients with cardiovascular diseases, its association with
the prognosis of patients with coronavirus disease 2019 (COVID-19) remains unclear. Electronic
databases including EMBASE, MEDLINE, Google Scholar, and Cochrane Library were searched
from inception to 20 June 2022. The associations of F/R ratio with poor prognosis (defined as the
occurrence of mortality or severe disease) were investigated in patients with COVID-19. A total of
10 studies (seven from Turkey, two from China, one from Croatia) involving 3675 patients published
between 2020 and 2022 were eligible for quantitative syntheses. Merged results revealed a higher F/R
ratio in the poor prognosis group (standardized mean difference: 0.529, p < 0.001, I2 = 84.8%, eight
studies) than that in the good prognosis group. In addition, a high F/R ratio was associated with an
increased risk of poor prognosis (odds ratio: 2.684, I2 = 59.5%, five studies). Pooled analysis showed
a sensitivity of 0.75, specificity of 0.66, and area under curve of 0.77 for poor prognosis prediction. In
conclusion, this meta-analysis revealed a positive correlation between F/A ratio and poor prognostic
outcomes of COVID-19. Because of the limited number of studies included, further investigations are
warranted to support our findings.

Keywords: fibrinogen-to-albumin ratio; coronavirus disease 2019; mortality; disease severity;
meta-analysis; prognosis

1. Introduction

The global outbreak of the coronavirus disease 2019 (COVID-19) pandemic has already
claimed millions of lives since the end of 2019 [1], and the figure is still on the rise. The
clinical manifestations of SARS-CoV-2 infection vary widely, from no apparent symptoms
to life-threatening acute respiratory distress syndrome and multiorgan dysfunction [2–4].
Of those contracting the disease, 20% may rapidly progress to severe illnesses [2–4] and
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approximately 6% may die [5]. Therefore, previous studies have focused on the identifica-
tion of sensitive prognostic markers to guide medical resource allocation and ensure timely
intervention for those at risk of severe disease [6].

A large-scale meta-analysis enrolling more than 13,000 participants has shown that
the serum level of cytokines (i.e., IL-6) could be a potential indicator of disease severity
as well as mortality for those diagnosed with COVID-19 [7]. The results of the study are
compatible with the reported inflammatory reactions of COVID-19 resulting from unsup-
pressed immune responses [8,9]. Besides triggering the cytokine pathways, another aspect
of the disease is the activation of the coagulation system [10,11], as reflected by elevations
in circulating D-dimer and fibrinogen concentrations, but with thrombocytopenia in those
with severe disease [12,13]. The serum level of fibrinogen, which is a procoagulant protein
synthesized in the liver, is known to increase in inflammatory conditions [14]. Through
the action of thrombin (FIIa), fibrinogen is converted to fibrin, which participates in the
formation of cross-linked fibrin clots in a coagulation process mediated by FXIIIa. On the
other hand, plasmin, which is the active form of plasminogen following its cleavage by
plasminogen activators, modulates the process of fibrinolysis, which involves the degra-
dation of fibrin into fibrin degradation products [15]. In addition, previous studies have
demonstrated a positive association between circulating fibrinogen levels and mortality
from COVID-19 [16,17]. Another readily measurable serum parameter reported to be re-
lated to the disease severity of COVID-19 is albumin [18], which is the predominant serum
protein that usually serves as an indicator of an individual’s nutritional status. Moreover,
the circulating album level has been shown to decrease with progressive inflammation [19].

Taking into account the roles of inflammation and nutrition in a patient’s prognosis, the
fibrinogen-to-albumin ratio (F/A ratio) was introduced as a prognostic factor for patients
with cardiovascular diseases and cancers, with an increase indicating a microinflammatory
condition [20,21]. Given that immunity plays a critical role in COVID-19 progression [22,23],
a number of studies have addressed the accuracy of the F/A ratio in predicting the severity
and mortality of COVID-19 [12,24,25]. Nevertheless, evidence in support of the prognostic
value of the F/A ratio was obtained from previous single-center observational studies.
Therefore, through systematically reviewing the pooled evidence, the present meta-analysis
aimed at examining the association of the F/A ratio with prognostic outcomes among
patients contracting COVID-19. The results could provide practical clinical guidance
for clinicians, not only to enable the timely delivery of medical care but also to aid in
effective resource allocation, which are crucial to the treatment of patients diagnosed with
COVID-19 [6].

2. Materials and Methods

This systematic review is reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis statement. Our study protocol was registered in the
International Prospective Register of Systematic Reviews (CRD42022340682). Two authors
independently conducted study selection, data collection, and risk of bias evaluation to
improve the quality of the current meta-analysis. All disagreements were resolved through
discussion. The protocol and procedures of the present investigation have been detailed in
our previous report [26,27].

2.1. Data Sources and Literature Search

With relevant MeSH terms and keywords, we searched for observational studies inves-
tigating the association of the F/A ratio with prognostic outcomes among adults diagnosed
with COVID-19 on 20 June 2022, from the following databases: Embase, Medline, Google
Scholar, and Cochrane Library. Taking Medline as an example, Supplemental Table S1
shows the procedure of the literature search. We placed no restrictions on language,
sample size, year of publication, and country during the database search. To ensure the
completeness of our search, the lists of references of the retrieved articles and published
meta-analyses were examined to identify potentially eligible studies.
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2.2. Study Sreening

Observational studies fulfilling the following inclusion criteria were considered eligi-
ble: (1) cohort studies, case-controlled studies, and those adopting a cross-sectional design;
(2) hospitalized adults with confirmed diagnosis of COVID-19; (3) available baseline F/A
ratio at hospital admission; (4) available prognostic outcomes including events of mortality
and disease severity; and (5) provision of adequate details necessary for calculating or
extracting odds ratios (ORs) and 95% confidence intervals (CIs). Studies (1) containing
duplicated data; (2) focusing on children or patients not hospitalized; (3) being published
in the form of symposium abstracts, case reports, systematic reviews, editorials or com-
mentaries, animal experiments, and other forms of publication instead of original clinical
works were excluded.

2.3. Data Collection

Information about the first author, year of publication, age of participants, gender
prevalence, number of patients, indicators of prognosis, such as mortality and disease
severity, F/A ratio, and country was collected from each study. Moreover, the OR and
95% CI were obtained from matched or adjusted data. We used the adjusted ORs for
studies with information on both unadjusted and adjusted ORs. The calculation of ORs for
categorical variable generated from a continuous parameter through dichotomization was
based on the number of individuals in the study and control groups with prognostic factor
exposure (e.g., F/A ratio), in accordance with the cut-off value described in the article. We
contacted the authors of the included studies with missing data in an attempt to retrieve
additional information.

2.4. Definitions and Outcomes

The primary outcome was the mean difference in F/A ratio in poor and good prognosis
groups, while the secondary outcomes included the risk of poor prognosis in patients with
a high F/A ratio, as well as the diagnostic efficacy of the F/A ratio for predicting poor
prognostic outcomes. Patients with poor prognostic outcomes (i.e., poor prognosis group)
were defined as those who had mortality or severe disease, while the good prognosis
group referred to those who did not have poor prognostic outcomes. The definition of
disease severity was according to that defined in each study. The correlations of other risk
factors (e.g., hypertension) with prognostic outcomes were not investigated in the current
meta-analysis due to the limited number of available studies.

2.5. Risk of Bias Assessment for the Included Studies

Two authors independently evaluated the risk of bias in each study based on the
six domains described in the Quality in Prognostic Studies (QUIPS) tool, including study
participation, outcome quantification, study attrition, prognostic factor measurement,
adjustment for other prognostic factors, as well as statistical analysis and reporting [28].
For each study, the risk for each domain was judged as low, unclear, or high. We considered
the overall risk of bias to be low if all (or most) of the domains in the study were deemed
low or low to moderate [29].

2.6. Data Synthesis and Analysis

Due to the inclusion of observational studies in the present meta-analysis, an overall
OR generated with a random-effects model was adopted as the major summary measure
of effect size. Effect size heterogeneity was evaluated using I2 statistics, with significant
heterogeneity being defined as a value of I2 above 50% [30]. Sensitivity analysis was
conducted by deleting a study each time to test the robustness and reliability of our
acquired evidence. Funnel plots and Egger’s tests were used to detect potential publication
bias. All statistical analyses were performed using the comprehensive Meta-Analysis
(CMA) V3 software (Biostat, Englewood, NJ, USA).
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To evaluate the accuracy of the F/A ratio in the prediction of poor prognosis, we
computed pooled estimates of sensitivity and specificity using the bivariate model [31]. The
area under the curve (AUC) from a hierarchical summary receiver operating characteristic
(hsROC) curve was used to assess the overall accuracy. The MIDAS command in Stata 15
(StataCorp LLC., College Station, TX, USA) was used to generate forest plots on pooled
sensitivity/specificity and sROC curves, as well as Deeks’ funnel plot for evaluating
publication bias. Statistical significance was set at a probability value less than 0.05.

3. Results
3.1. Study Selection

A flow diagram summarizing the study selection process is shown in Figure 1. Of a
total of 50 records acquired through the initial database search, 10 and 20 were excluded
because of data duplication and ineligibility based on their titles or abstracts, respectively.
Of the 20 remaining articles, 10 were excluded following full-text review for different
reasons (Figure 1). Finally, 10 studies recruiting a total of 3675 patients published between
2020 and 2022 were deemed eligible for quantitative syntheses [12,24,25,32–38].
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3.2. Characteristics of Studies and Risk of Bias

The characteristics of the included studies are summarized in Table 1. The included
studies were conducted mainly in Turkey (seven studies) [24,25,32–35,37], while the other
three studies were conducted in China (two studies) [12,38] and Croatia (one study) [36].
Five studies recruited hospitalized patients, without providing details about the units to
which they were admitted [12,32,35,37,38], while three studies focused on those admitted
to the intensive care unit (ICU) [24,33,36]. Of the other two studies, one investigated
assorted hospitalized and ICU patients [25] and one researched those admitted through
the emergency department [34]. There were over 100 participants in each study, with
the number ranging between 113 and 717. The age of the participants ranged between
44 and 76 years, with a male prevalence of 44–65%. Details regarding gender distribution
were not mentioned in one study [36]. Six studies investigated the association between
the F/A ratio and mortality in patients with COVID-19 [24,25,33–36], while the other
four focused on the relationship between the F/A ratio and disease severity [12,32,37,38].
Three studies defined disease severity as patients with respiratory distress or organ
dysfunction [12,32,37], while one study defined disease severity as those with respira-
tory distress [38]. Seven studies provided the cut-off value for the F/A ratio to predict
prognostic outcomes (i.e., 9–14) [12,25,32,34,35,37,38], while relevant information was not
available in the other three studies [24,33,36].

Table 1. Characteristics of studies (n = 10).

Author (Year) Population Age
(Years)

Male
(%) n Outcome Cut-Off Value

for F/A Ratio Country

Afsin (2021) ICU patients 71 vs. 72 50 vs. 58 386 Mortality NA Turkey
Bi (2020) Hospitalized patients 54 vs. 44 59 vs. 56 113 Severity 9 China

Cekic (2021) Medical and ICU patients 60 vs. 71 55 vs. 65 590 Mortality 13 Turkey
Gemcioglu (2021) Hospitalized patients 68 vs. 42 55 vs. 53 301 Severity 10.2 Turkey

Gozdas (2022) ICU patients 76 vs. 65 60 vs. 57 348 Mortality NA Turkey
Kucukceran (2021) Patient admitted to ED 61 vs. 76 62 vs. 51 717 Mortality 11 Turkey
Kuluozturk (2021) Hospitalized patients 65 vs. 54 64 vs. 58 400 Mortality 14 Turkey

Mihic (2022) ICU patients 69 vs. 66 NA 137 Mortality NA Croatia
Torun (2021) Hospitalized patients 62 vs. 60 54 vs. 47 188 Severity 11.4 Turkey
Yang (2021) Hospitalized patients 61 vs. 53 54 vs. 44 495 Severity 12 China

ED: emergency department; ICU: intensive care unit; NA: not available; F/A ratio: fibrinogen-to-albumin ratio.

The risks of bias based on the QUIPS tool are shown in Figure 2. For five studies, the
risk of bias of study participation was deemed unclear due to the significant difference in
patient age between the two groups [12,33–35,38]. Due to the adoption of a retrospective
study design in all of the included studies, the adjustment for other prognostic factors may
not be adequate; therefore, the risk of bias for this domain was considered to be unclear in
all studies. The overall risk of bias was deemed unclear in all studies.

3.3. Data Analysis
3.3.1. Association of Fibrinogen-to-Albumin Ratio with Prognosis

Based on the F/A ratio in the poor prognosis and good prognosis groups, the merged
results revealed a higher F/A ratio among patients in the poor prognosis group (SMD: 0.529,
95% CI: 0.317 to 0.741, p < 0.001, I2 = 84.8%, eight studies) compared to that in the good
prognosis group (Figure 3) [24,25,32–35,37,38]. An investigation into the correlation be-
tween the F/A ratio as binary variable (i.e., low vs. high) and the risk of poor prognosis in
five articles with available information also showed an association of a higher F/A ratio
with a higher risk of poor prognosis (OR: 2.684, 95% CI: 1.66 to 4.339, p < 0.001, I2 = 59.5%)
(Figure 4) [12,34–36,38]. Sensitivity analysis demonstrated the robustness of these two
outcomes, without significant publication bias (Figure 5).
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3.3.2. The Use of Fibrinogen-to-Albumin Ratio for Predicting Poor Prognosis: Pooled
Sensitivity/Specificity Estimates and sROC

Using the F/A ratio for the prediction of poor prognosis gave a pooled sensitivity and
specificity of 0.75 (95% CI = 0.7–0.79; I2 = 53.15%) and 0.66 (95% CI = 0.6–0.72; I2 = 91.61%),
respectively (Figure 6) [12,25,32,34,35,37,38]. For each study, linear regression for sROC
following mathematical adjustment of true and false positivity (i.e., 1-specificity) showed
an AUC of 0.77 (95% CI: 0.74–0.81) (Figure 7). Deeks’ funnel plot asymmetry test did not
demonstrate notable publication bias (p = 0.41).
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4. Discussion

The ever-increasing number of patients diagnosed with COVID-19 has highlighted the
importance of identifying those with high risks of mortality and complications to enable
the rational allocation of healthcare resources and to implement timely individualized
therapeutic strategies [39]. Our results not only revealed a higher F/A ratio (SMD: 0.529)
in patients with poor prognosis but also showed a nearly three-fold increase in the risk
of poor prognosis among patients diagnosed with COVID-19. Considering the simplicity
of computation, our results suggested that the F/A ratio may be an indicator for cost-
effective medical resource allocation when the global healthcare supplies are overwhelmed
by the pandemic.

A link between coagulation–fibrinolytic cascades and inflammatory response has
been reported, with fibrinolysis being identified as an indicator of the onset of systemic
inflammation [40]. In addition to the well-known roles of fibrinogen in promoting platelet
aggregation, increasing plasma viscosity, and causing erythrocyte aggregation [41], previ-
ous studies have shown that it is a reactive protein that indicates the acute phase of systemic
inflammation, including that arising from injury and infection [14,42]. Fibrinogen acts as a
scaffold for platelet aggregation through the activated form of integrin αIIbβ3 (also known
as glycoprotein IIb/IIIa). Platelet aggregation via fibrinogen cross-linking offers an initial
hemostatic barrier following blood vessel injury as part of the rapid primary hemostatic
response. The main role of fibrinogen in hemostasis is to reinforce the platelet plug after
conversion into an insoluble fibrin polymer by thrombin cleavage of fibrinopeptides A and
B. The fibrin polymer traps red blood cells and platelets, forming a stable fibrin plug that
stops bleeding from the site of injury [43,44]. Indeed, fibrinogen has been found to trigger
the production of pro-inflammatory cytokines, thereby contributing to the development of
inflammation [14]. A previous meta-analysis has identified an increased level of fibrinogen
as a risk factor for poor prognosis in patients diagnosed with COVID-19 [45]. Albumin,
which is synthesized and secreted by hepatocytes, not only is the major component re-
sponsible for maintaining intravascular colloidal pressure but also serves as a transporter
for many insoluble small molecules of organic and inorganic substances and a nutritional
indicator. Previous studies also revealed its role in the inflammation process [46], during
which endothelial barrier dysfunction results in albumin hyperpermeability and tissue
edema [47]. Consistently, a recent meta-analysis identified a low circulating serum albumin
level as an independent predictor of poor prognosis in patients with COVID-19 [48]. Evi-
dence in support of the association of fibrinogen and albumin with prognosis in patients
with COVID-19 [45,47] has prompted an exploration of the prognostic value of the F/A
ratio in this clinical setting [24,35,38]. In the current meta-analysis, our results supported a
role of this inflammation marker in predicting a poor prognosis in patients with COVID-19.

Although previous observational studies have reported several other inflammatory
or coagulation-related makers for the prediction of prognostic outcomes in patients con-
tracting COVID-19 [49,50], our meta-analysis is the first to investigate the association of
the F/A ratio with poor prognosis. A previous meta-analysis involving more than two
thousand patients revealed significantly higher CRP levels among those who succumbed
to COVID-19 than in survivors [51]. In addition, another even larger meta-analysis on
over 13,000 participants recruited in 77 observational studies has demonstrated a role of
the circulating level of cytokines (i.e., IL-6) in predicting severity and mortality in those
diagnosed with COVID-19 [7], further underscoring a detrimental prognostic role of inflam-
mation. In respect to the coagulation–inflammation cascade, previous observational studies
have identified D-dimer and fibrinogen as poor prognostic indicators in those contracting
COVID-19 [25,49,52]. Among these parameters, receiver operating characteristic (ROC)
curve analysis in a previous observational study showed the superior accuracy of the F/A
ratio (area under curve (AUC) = 0.808) in predicting disease severity and mortality com-
pared with other parameters (i.e., C-reactive protein: AUC = 0.735; fibrinogen: AUC = 0.606;
albumin: AUC = 0.257) [25]. The findings of the mentioned study implied the clinical value
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of the F/A ratio in providing prognostic information to guide decision-making among
patients with severe COVID-19 infection.

The relatively high heterogeneities in both the mean difference and ORs regarding the
correlation between the F/A ratio and poor prognosis in our meta-analysis
(I2 = 84.8% and 59.5%, respectively) (Figures 3 and 4) may be attributed to variations in
study population (e.g., ICU patients or hospitalized patients), hospital setting, the age and
gender distribution of the participants, definition of disease severity, F/A ratio cut-off value,
and treatment protocol across the included studies. Accordingly, we used a random-effects
model to minimize the potential bias. Despite the high heterogeneities, sensitivity analysis
demonstrated the robustness of our results. Furthermore, the lack of significant publication
bias in our results further supports the association between a high F/A ratio and poor
prognostic outcomes in patients diagnosed with COVID-19.

There were two advantages in the current meta-analysis. First, the inclusion of different
study populations (e.g., ICU vs. assorted hospitalized patients) in the current meta-analysis
suggests the wide application of our findings. Second, there is a known ethnic impact on
the prognosis of COVID-19, with lower mortality and disease severity being reported in
Asians than in other populations [53,54]. The high homogeneity from the inclusion of the
majority of studies from a single country (e.g., Turkey) may minimize the ethnic biases in
the present meta-analysis.

The current study had several limitations. First, the retrospective nature of our in-
cluded studies increased the susceptibility of our results to a number of confounding factors.
For example, the lack of information about known determinants of disease severity such as
viral load and treatment strategies may introduce bias to our findings [55]. Second, given
the known fluctuation in the F/A ratio after hospital admission (e.g., highest at 6–10 days
after admission) [12], the use of data on hospital admission in the current study may be
a source of bias. Third, given the significant variations in disease severity and mortality
with geographical locations and different phases of the pandemic [5], the inclusion of
predominantly Turkish studies may not justify the extrapolation of our results to other
countries and ethnic groups. Fourth, although comorbidities have been found to contribute
to mortality and severity in patients diagnosed with COVID-19 [56,57], the lack of relevant
information precluded a subgroup analysis of their potential impacts on our study out-
comes. Fifth, of the 10 included studies, only four provided relevant information about the
equipment and procedures for fibrinogen measurement [24,33,35,37]. Therefore, potential
bias arising from different methods for fibrinogen quantification could not be ruled out.
Sixth, although four of our 10 included studies focused on patients admitted to the ICU,
none of them provided information about coexisting infections (e.g., ventilator-associated
pneumonia, catheter-related bloodstream infections). Therefore, potential impacts of such
infections on our study outcomes remain unclear. Finally, the reliability of our findings may
be blemished by variations in the cut-off value of the F/A ratio for prognostic prediction,
as well as the definition of disease severity across the included studies.

5. Conclusions

This meta-analysis of 10 observational studies on 3675 hospitalized patients diagnosed
with COVID-19 showed a positive association of the fibrinogen-to-albumin ratio with
poor prognostic outcomes. As global healthcare is already overwhelmed by the pandemic,
a simple, cost-effective predictor may be crucial to the identification of patients at risk
of prognostic outcomes, to enable the effective allocation of medical resources. Further
large-scale studies incorporating this readily obtainable parameter into clinical practice are
required to support its prognostic value in patients contracting COVID-19.
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