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Abstract

Since the start of the coronavirus disease 2019 (COVID-19) pandemic, several biomarkers have been proposed to assess the
diagnosis and prognosis of this disease. The present systematic review evaluated endocan (a marker of endothelial cell damage)
as a potential diagnostic and prognostic biomarker for COVID-19. PubMed, Scopus, Web of Science, and Embase were
searched for studies comparing circulating endocan levels between COVID-19 cases and controls, and/or different severities/
complications of COVID-19. Eight studies (686 individuals) were included, from which four reported significantly higher levels
of endocan in COVID-19 cases compared with healthy controls. More severe disease was also associated with higher endocan
levels in some of the studies. Studies reported higher endocan levels in patients who died from COVID-19, were admitted to an
intensive care unit, and had COVID-|9-related complications. Endocan also acted as a diagnostic and prognostic biomarker with
different cut-offs. In conclusion, endocan could be a novel diagnostic and prognostic biomarker for COVID-19. Further studies

with larger sample sizes are warranted to evaluate this role of endocan.
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Introduction

Coronavirus disease 2019 (COVID-19) is a multisystem in-
flammatory disease caused by severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2) that mainly affects the
respiratory system and most commonly presents with fever,
dry cough, and dyspnea.' Reverse transcriptase polymerase
chain reaction (RT-PCR) is currently the most commonly used
test to diagnose COVID-19 due to its high speed and accuracy.
However, analysis of its false-negative rate has suggested that
it should not be used in isolation to rule out COVID-19 in-
fection.? Additional reliable blood biomarkers associated with
SARS-CoV-2 infection could be helpful in aiding clinical
decision-making based on the patient’s most likely outcome.
Endocan, also known as endothelial cell-specific molecule
1 (ESM-1), is a dermatan sulfate proteoglycan secreted upon
cytokine stimulation, mainly by pulmonary and renal endo-
thelial cells.®> Hence, it is considered a marker of endothelial
cell damage and it plays a role in endothelial-dependent
pathologic diseases, including inflammatory diseases, an-
giogenesis, and adhesion.*” Evidence also suggests that en-
docan levels in peripheral blood are elevated in pneumonia,
acute respiratory distress syndrome (ARDS), and pulmonary
thromboembolism implicating endocan in the molecular
mechanisms of vascular injury in the respiratory system.®

A large body of evidence supports the involvement of
endothelial dysfunction in COVID-19.” This can occur either
directly (virus infection via angiotensin-converting enzyme-2
(ACE2) receptor, C-type lectin receptor L-SIGN, and other
receptors) or indirectly (through cytokine storm).® All of these
findings make endocan an attractive target for investigation as
a potential diagnostic and prognostic marker for COVID-19.

The present review systematically summarizes and high-
lights the findings relating endocan levels with the presence,
severity, and complications of COVID-19 infection and dis-
cusses its possible roles in the management of this disease.
This evidence could help determine the role of endocan and
endothelial dysfunction in COVID-19 disease. Furthermore,
clinicians may benefit if this biomarker predicts outcomes.
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Methods

Search Strategy and Screening

This systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) 2020 guidelines.” Supplementary Table 1
provides the PRISMA checklist for this review. An initial
systematic search was performed in international online da-
tabases, including PubMed, Scopus, Web of Science, and
Embase, through November 2022 without any publication
type or language restriction. Terms related to “COVID-19”
and “endocan” were searched. We also manually reviewed the
references list of included studies and websites in order to find
any possible additional studies. Although we did not register a
protocol for this study, details of the search strategy are
available in Supplementary Table 2.

Study Selection

We included original published articles if they included >1
of the following: (1) reported serum and/or plasma levels of
endocan in COVID-19 cases and controls, (2) reported
serum and/or plasma levels of endocan in different COVID-
19 severities, (3) Assessed relation between endocan levels
and outcomes or hospitalization characteristics of COVID-
19 patients, or (4) provided diagnostic and/or prognostic
value of endocan levels in COVID-19. The exclusion cri-
teria were: (1) not reporting serum endocan levels, (2) non-
English full texts, and (3) case reports, conference abstracts,
and reviews.

The PICO (Population, Intervention, Control, and Out-
come) for study selection was defined as P: COVID-19, I.
Endocan levels as a diagnostic or prognostic marker, C: RT-
PCR testing or symptom-based testing for diagnosis, and
endocan’s ability to distinguish different COVID-19 severities
or outcomes (mortality, intensive care unit (ICU) admission),
O: could the test significantly differentiate COVID-19 patients
from controls or the cases with poorer outcomes from the ones
with better outcomes. Two reviewers (SS and NA) searched
titles and abstracts for studies relating endocan to COVID-19.
Any disagreement was resolved through discussion with a
third author (AHB). The full texts were then reviewed to
assess inclusion criteria.

Data Extraction and Quality Assessment

Two authors (AHB and AK) performed the data extraction
independently. The following data were retrieved from all
studies: (1) First author’s name; (2) publication year; (3)
location; (4) population in each group; (5) endocan specimen
(plasma and/or serum); (6) the number of individuals in each
study group; (7) mean age; (8) male percentage; (9) reported
diagnostic and prognostic values of endocan, and (10) main
findings, in addition to all endocan levels in study groups. The

Newecastle Ottawa Scale (NOS) of non-randomized studies
was used to assess the risk of bias in included studies.'®

Data Synthesis and Statistical Analysis

Results of each included study regarding the comparison of
endocan levels in COVID-19 patients and controls or within
the COVID-19 group, with different stages, comorbidities, or
complications, were used to synthesize data. Data are repre-
sented as mean and standard deviation, median and
interquartile ranges, or median and range. A 2-sided P < .05
was considered statistically significant.

Results

Literature Search and Characteristics of
Included Studies

The initial search identified 483 records, 94 from PubMed,
130 from SCOPUS, 121 from Web of Science, and 138 from
Embase. After the removal of 260 duplicate articles, 223
remained. After the exclusion of another 168 articles fol-
lowing title/abstract screening, the remaining 55 were
screened as full text. Subsequently, 48 articles were excluded
due to various reasons, while one was added by reference
searching, as described in Figure 1. Finally, eight studies,''®
including 686 cases, were included in the systematic review. A
detailed flowchart of the search and selection process is shown
in Figure 1. Characteristics of included studies are shown in
Table 1. The mean age of participants was 60.1 + 14.0 years,
and 62.9% were male. Four studies''"'*'>'® measured en-
docan in plasma, and the other four'**'*'®!” measured serum
endocan levels. Half of the studies were conducted in
Turkey'*'*'®!7 and three in France.'""'*'® Qualities of the
included studies, assessed by NOS criteria, are shown in
Table 2. All the studies had high quality, despite the fact that
none of them except one'” fulfilled the comparability item.

Endocan Levels in COVID- 19 Patients Compared With
Healthy Controls

Comparison of endocan levels in COVID-19 patients and
healthy controls was carried out in four studies.'!'>!¢:!8
Gorgun et al'® conducted a study on hospitalized COVID-
19 patients (n = 60, of which 6.7% died), and 28 healthy
subjects as control. Endocan levels were significantly higher
(P = .002) in the patient group, with a median level of
243.5 ng/mL, compared with healthy controls (median =
201.5 ng/mL). They suggested endocan as a useful biomarker
for the diagnosis of COVID-19. A pilot study by Kim et al'®
investigated 31 hospitalized patients with severe COVID-19
and compared endocan levels with 13 controls. Plasma en-
docan levels were significantly higher in COVID-19 groups
(878 [616-1618] vs 477 [368-548] pg/mL, P = .005), sug-
gesting endocan as a biomarker for COVID-19 diagnosis.
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Figure |. Flow diagram summarizing the selection of eligible studies based on the PRISMA guidelines.

Laloglu et al'® assessed endocan levels in three groups: (1) 30
patients with positive RT-PCR, (2) 30 patients with negative
RT-PCR but history, physical examination, and radiological
findings compatible with COVID-19, and (3) 30 healthy
controls. The main purpose of their study was to assess the role
of endocan in diagnosing COVID-19 in patients with negative
RT-PCR tests and clinical symptoms of COVID-19. They
found that endocan levels were significantly higher in both
RT-PCR positive and RT-PCR negative groups, compared
with controls (821.9 +99.4, 803.9 +97.0, and 382.9 +37.6 pg/
mL, respectively) (P < .05 for both comparisons). Finally,
Pascreau et al'® reported plasma endocan levels in 59 COVID-
19 cases and 10 healthy controls. The median endocan level at
admission was significantly higher in patients compared with
healthy controls (3.4 [1.8-7.5] vs 1.6 [1.0-2.1] ng/mL, P =
.003).

Endocan Levels and Severity of COVID-19

Endocan levels were assessed based on COVID-19 severity in
four studies.'"'*!*!¢ Chenevier-Gobeaux et al'' investigated
endocan in four stages of the disease (stage 0: mild, stage 1:
moderate, stage 2: severe, and stage 3: critical) in 79 patients
and found that admission peripheral endocan level signifi-
cantly increases with COVID-19 severity (P < .001). More-
over, in all pairwise comparisons of endocan levels between
different stages of the disease, the higher stage of COVID-19

was associated with a significantly higher level of endocan
(P < .05 for all comparisons). Gorgun et al'* compared en-
docan levels in different severities of COVID-19 based on a
chest computed tomography scan. They could not demonstrate
any difference in endocan values within severities (P = .399).
Serum endocan was reported to be 297.6 pg/mL in the study
by Guzel et al,'* with no statistical difference between the
mild-moderate group (n =40) and severe COVID-19 (n = 40),
of whom 3 (7.5%) died (P = .22). Finally, Laloglu et al'® used
endocan as a biomarker to distinguish between different se-
verities of COVID-19 (uncomplicated, mild-to-moderate,
severe, and critical) and reported a trend toward higher en-
docan levels from uncomplicated COVID-19 to critical-level
disease (P < .001).

Endocan Levels and the Presence of Comorbidities

Blood endocan was assessed based on the presence of co-
morbidities in COVID-19 in two studies.'""'® In the Gorgun
et al study,'’ the most prevalent comorbidity in hospitalized
COVID-19 patients was hypertension (23.3%), followed by
diabetes mellitus (16.7%). The presence and absence of co-
morbidities were not associated with a significant difference in
median endocan levels (237.5 vs 248 ng/mL, respectively).
Chenevier-Gobeaux et al'' came to the same conclusion that
arterial hypertension or cardiovascular disease was not as-
sociated with higher endocan levels.
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Table I. Characteristics of included studies.

N Male
Author Year Location Specimen Population Total Age (years) (%) Findings
Chenevier- 2022 France  Plasma  COVID-19 patients 79 598 + 18.6 55.7 Endocan was significantly higher in
Gobeaux et al with and without COVID-19 patients with

thrombotic events

Gaudet et al 2022 France  Plasma COVID-19 patients
admitted to ICU

Gorgun et al 2021 Turkey  Serum Hospitalized COVID-
19 patients and
HCs

Guzel et al 2022 Turkey  Serum Hospitalized mild/

moderate and
severe COVID-19
patients
Kim et al 2021 South Plasma Severe COVID-19
Korea patients and HCs

Laloglu et al 2022 Turkey  Serum PCR + suspected
COVID-19, PCR-
suspected COVID-
19, and HCs

Medetalibeyoglu 2021 Turkey  Serum COVID-19 patients
et al with and without
ICD admission or

death

151

88

80

44

90

649 £ I11.7 762

54.1 £ 14.1

54.5

578 + 143 4338

NR

56.1 + 16.0 56.7

62 % 16

NR

65

thrombotic events (16.2 [IQR:
5.53-26.7] vs 1.81 ng/mL [IQR:.71—
10.5], P < .001). Endocan level of
2.83 ng/mL had 93.8% sensitivity,
54.7% specificity, 97.2% NPV, and
34.1% PPV with an AUC of .78 [95%
Cl: .67-.86] for distinguishing
COVID-19 patients with and
without a thrombotic event

Patients with late ARF worsening had

higher levels of endocan
(9.13+15.34 vs 3.39£3.08 ng/mL,

P <.0I). Endocan was one of the top
three predictive variables for late
ARF worsening (per additional ng/
mL, OR: 1.13 [95% CI: 1.04-1.31])

Median endocan level was significantly

higher in COVID-19 patients
compared to HCs (243.5 vs

201.5 ng/mL, P = .002). Also, the
endocan level of 202 ng/mL had
86.7% sensitivity and 50% specificity
for COVID-19 diagnosis

There was no significant relationship

between serum endocan and the
degree of pneumonia (P = .22) and
prognosis (P = .761)

Patients with severe COVID-19 had

higher levels of endocan,
compared with HCs (878 [IQR:
616-1618] vs 477 pg/mL [IQR:
368-548], P = .005) with an
adjusted OR of 293.42 (P = .005)
at a threshold 632.25 pg/mL

Endocan was significantly higher both

in PCR+ and PCR- cases, compared
with HCs with P < .05. Endocan
level of 444.2 pg/mL had 92%
sensitivity, 80% specificity, 82% PPV,
and 91% NPV with an AUC of .94
[95% CI: .89-.98]

Serum endocan was significantly

higher in patients with composite
endpoint (mortality/ICU admission)
compared with those without
(852.2+522.7 vs 550.2+440.8 ng/L,
P <.01). In addition, serum endocan
of 276.4 ng/L had 97% sensitivity and
85% specificity for the prediction of
the composite endpoint

(continued)
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Table 1. (continued)

N Male
Author Year Location Specimen Population Total Age (years) (%) Findings
Pascreau et al 2021 France  Plasma  HCs, mild-to- 74 633 £ 12.1 79.7 COVID-19 patients had significantly

moderate COVID-
19 patients, and
severe ARDS

higher endocan levels compared
with controls (P = .0031). Also,
there was no difference between
patients who developed ARDS and
those who did not (P = .223)

NR: not reported, Cl: confidence interval, HC: healthy control, ARDS: acute respiratory distress syndrome, ARF: acute respiratory failure, AUC: area under the
curve, NPV: negative predictive value, PPV: positive predictive value, ICU: intensive care unit, PCR: polymerase chain reaction.

Table 2. Quality Assessment of Included Studies Based on Newcastle-Ottawa Scale (NOS).

Selection Outcome
Sample Non- Statistical Overall
Study Representation size respondents  Exposure Comparability Outcome test Score
Chenevier-Gobeaux et al * * * ok - ok * 8
(2022)
Gaudet et al (2022) * * * ok B ok * 8
Gorgun et al (2021) * * * ok - ok * 8
Guzel et al (2022) * * * ok - ok * 8
Kim et al (2021) * * * ok ok 0% * 10
Laloglu et al (2022) * * * ok - stk * 8
Medetalibeyoglu et al * * * ok - ok * 8
(2021)
Pascreau et al (2021) * * * ok - stk * 8

Endocan Levels and ICU Admission And/or Death

The Medetalibeyoglu et al'” study defined a composite
endpoint of mortality and ICU admission and compared en-
docan levels in COVID-19 cases with and without a composite
endpoint. The primary composite endpoint was associated
with higher endocan serum levels (852.2 £ 522.7 vs 550.2 +
440.8 ng/L, P < .01). In addition, Gorgun et al'? investigated
endocan levels in patients who died (n = 4) compared with the
ones discharged with recovery (n = 56). It was concluded that
patients who died from COVID-19 had significantly higher
median serum levels of endocan compared with the other
group (558 [400-989] vs 240.5 [158-920] ng/mL, P = .001).
Likewise, Chenevier-Gobeaux et al'' compared patients ad-
mitted to ICU and the ones admitted to a conventional ward.
ICU patients had significantly higher endocan levels (14.30
[4.54-25.48] vs 1.41 [.68-10.28] ng/mL, P < .001).

Endocan Levels and COVID- | 9—Related Complications

Chenevier-Gobeaux et al'' compared mild to critical COVID-
19 patients with thrombotic events (n = 16) with the ones with
no thrombotic events (n = 63). Among patients with throm-
botic events, 11 (69%) experienced pulmonary embolism
while 5 (31%) had venous thromboembolism. Thrombotic

events were associated with higher endocan levels compared
with patients without thrombotic events (16.2 [5.5-26.7] vs
1.81 [.71-10.5] ng/mL, P < .001). The same study compared
endocan levels in patients with and without the need for
oxygen. The need for oxygen was associated with statistically
higher endocan, in comparison with those without its need
(8.40 [4.25-22.20] vs 1.00 [.36—7.25] ng/mL, P < .001).

In another study, Pascreau et al'® conducted an analysis
based on the presence of ARDS in COVID-19 patients. They
found no significant difference between endocan levels of
ARDS and non-ARDS groups of COVID-19 cases (P =.2231).
Gaudet et al,'> on the other hand, investigated COVID-19
patients admitted to ICU and categorized them based on
acute respiratory failure (ARF) and the need for subsequent
ventilation with 15 day follow-up. The ARF cases had sig-
nificantly higher endocan levels compared with the non-ARF
group (3.39 £ 3.08 vs 9.13 + 15.34 ng/mL, P < .001).

Endocan as a Diagnostic or Prognostic Biomarker

Several studies assessed blood endocan as a potential bio-
marker for the detection of COVID-19, compared with RT-
PCR as a gold standard, or for the prediction of complications.
Gorgun et al'? defined a cutoff of 202 ng/mL for the diagnosis
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of COVID-19 with sensitivity and specificity of 86.7% and
50%, respectively. Laloglu et al'® also determined 444.2 pg/
mL serum endocan with 92% sensitivity and 80% specificity
(area under the receiver operating characteristic curve
(AUC) = .94, P < .001, positive likelihood ratio = 4.6) for
distinguishing COVID-19 cases from controls.

For the prediction of thrombotic events in COVID-19
patients, Chenevier-Gobeaux et al'' found a threshold of
2.83 ng/mL with 93.8% sensitivity, 54.7% specificity, and an
AUC of .776 (P < .001). Moreover, Medetalibeyoglu et al'’
reported 276.4 ng/mL as a cut-off for the detection of the
primary composite endpoint (mortality and ICU admission).

Discussion

To our knowledge, this is the first comprehensive systematic
review investigating the association between endocan and
COVID-19. The main findings from this study include: (1)
Endocan levels were significantly higher in COVID-19 pa-
tients compared with healthy individuals and can have added
diagnostic benefits in assessing COVID-19 patients, (2)
Higher endocan levels can be a prognostic factor in terms of
adverse outcomes such as thrombotic events, ICU admission,
and mortality, and, (3) Increasing endocan levels could signify
worsening of disease course. The summary of all the findings
of the present study is depicted in Figure 2.

The main target of SARS-CoV-2 is the pulmonary system;
however, extrapulmonary manifestations such as micro- and
macro-vascular involvements were also reported in several

studies.'” Endothelial dysfunction is one of the reported ex-
trapulmonary manifestations and a pathological characteristic
of COVID-19.%° Endothelial dysfunction in COVID-19 in-
cludes endothelial cell degradation and apoptosis.”’ In addi-
tion to endothelial damage, disruption of the glycocalyx,
which is essential for vascular homeostasis, may increase
susceptibility to SARS-CoV-2 infection by increasing oxi-
dative stress and hyper-inflammatory response.®**

Many biomarkers have been investigated for detecting
glycocalyx damage such as endocan, syndecan-1, heparan
sulfates, heparinase, and angiopoietins.”* Of these, endocan, a
soluble endothelial proteoglycan, is a novel biomarker of
endothelial and glycocalyx damage which is released from the
endothelium during inflammation.>* Endocan is expressed in
actively proliferative tissues such as bronchi and lung sub-
mucosal glands’ endothelium.?” In addition to the role of
endocan in inflammation, it plays a role in endothelial cell
rearrangement, cell adhesion, migration, proliferation, and
angiogenesis.”® Finally, endocan also plays a role in the
transfer of leukocytes through the endothelium.’

One of the main pathways by which endocan may have an
association with COVID-19 severity, complications, and
death is cardiovascular events.”®** The role of endocan in
association with cardiovascular events such as hypertension,*°
coronary artery disease,”" atherosclerosis,*? lipid metabolism
disorder,*® and diabetes,** or even rare ones such as aortic
dissection® have been reported. Due to this and the presence
of cardiovascular complications in COVID-19,%**” endocan
may be a useful biomarker of disease severity.

Search Strategy
- Literature search from inception to
November 2022
- Inclusion of all studies investigating
endocan in relation to COVID-19 _/

/ Studies and Populations \

- Eight studies

@ - 686 participants

Mean age: 60.13 + 13.97 years
- Female: 37.07%

O @ co

France Turkey  South Knrea/

Role of Endocan as a Biomarker in COVID-19

Endocan in COVID-19 patients vs. Healthy Endocan was statistically higher in COVID-19 patients
Controls compared with healthy controls
Endocan in different severities of COVID-19
Endocan in COVID-19 with comorbidities
Endocan in ICU admission and death
Endocan levels and COVID-19 complications
Endocan as a diagnostic biomarker of Endocan was good diagnostic biomarker, and predictor
COVID-19 of thrombotic events and mortality/ICU admission

I Main Findings

Controversially, endocan levels statistically increased
with COVID-19 staging in two studies, while in two
others no significant relation was seen

There was no significant relationship between presence
of comorbidities and endocan levels

Endocan was significantly higher in patients admitted to
ICU and the ones who died from COVID-19

Thrombotic events, need for oxygenation, and acute
respiratory failure were associated with higher endocan
levels, while ARDS was not

Conclusion

[>‘ Endocan can be used as a potential biomarker for the diagnosis and prognosis of COVID-19 ’

Figure 2. Summary of findings of systematic review regarding the role of endocan in COVID-19.
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Endocan is an inflammatory marker and also increases with
endothelial damage.” COVID-19 can elevate endocan levels
through the inflammatory process, which affects all organs,
including the endothelium, in addition to endothelial damage
directly caused by SARS-CoV-2 infection. In line with our
results, it seems that the main pathophysiology behind the
increased levels of endocan in COVID-19 patients compared
with healthy controls and also higher levels of endocan in
severe forms of COVID-19 compared with mild-to-moderate
ones is the extrapulmonary inflammatory process which in-
cludes the endothelium and its damage causing an increase in
endothelial markers, including endocan.

Endocan’s efficacy as a diagnostic or prognostic factor in
diseases with endothelial damage is under investigation. Han
et al’® investigated endocan as a prognostic factor in a cohort
of 227 patients presenting with an acute ischemic stroke which
followed up for three months. They found endocan acceptable
for prediction of death (AUC = .61 [.55-.67]) and major
disability defined by modified Rankin Scale score >3 (AUC =
.68 [.59-.76]). In another study, Laloglu et al*° found that
endocan levels can differentiate between rheumatic aortic
regurgitation and non-rheumatic aortic regurgitation.

Endocan levels could be used as a prognosis predictor for
COVID-19 patients. The potential ability of endocan as a
prognostic biomarker was also shown in patients with in-
flammatory conditions, in addition to its relation with in-
flammatory indices, such as C-reactive protein.*’ Serum
endocan levels were higher in patients with more severe
COVID-19. Furthermore, serum endocan levels were higher
in patients who experienced adverse effects of the disease such
as thrombotic events and ARE.'"'? A point of contention
regarding the prognostic value of endocan levels is that the
associated comorbidities that increase the severity index of the
disease could be an independent cause of higher endocan
levels. However, two of the eight studies addressed this issue
and questioned it.'""'* They found no difference between
levels of endocan in COVID-19 patients presenting with
comorbidities compared with those without comorbidities.
Accordingly, it could be concluded that higher endocan levels
are due to the pathophysiology behind COVID-19 rather than
associated comorbidities.*'*** This can add value to its ap-
plication as a novel diagnostic and prognostic biomarker.

We found promising results for endocan, showing added
benefits in terms of being a diagnostic biomarker for patients.
Serum or plasma endocan levels showed promise as a diagnostic
tool in the detection of COVID-19. Four of our selected
studies'""'*!*16 assessed the diagnostic value of endocan for
COVID-19. This notion was cemented by Laloglu et al,'® es-
tablishing a 92% sensitivity and 80% specificity for serum en-
docan levels for diagnosing, while the gold standard diagnostic
tool in COVID-19, RT-PCR test, had a sensitivity of 87.8%
[81.5-92.2%] in a meta-analysis.* The diagnostic ability of
endocan in COVID-19, however, should be questioned due to its
low specificity. Therefore, its use may be more of interest where
the RT-PCR test is negative, but there is high clinical suspicion,

as investigated in one of our included studies.'® Large controlled
studies are required for better evaluation of endocan’s additional
diagnostic value over RT-PCR.

As with all novel biomarkers, the clinical use and cost-
effectiveness of that biomarker should always be considered.
Endocan measurement was described as feasible, relatively
fast (3 h by enzyme-linked immunosorbent assay (ELISA)
method), and low-cost in the study by Seo et al.** This cost-
effectiveness of biomarkers is of higher importance in developing
nations. Although our results showed higher endocan levels in
COVID-19 cases compared with controls, the cost-effectiveness
of its utility compared with current common methods should be
investigated. Perhaps, as endocan is an endothelium-dependent
biomarker, its measurement in serum may be more rational for the
prediction of outcomes related to endothelial injury. All these
possibilities highlight the need for future studies with large sample
sizes.

The present study has some limitations. First, some studies
reported endocan levels with median and range which made it
impossible for us to convert them to mean and SD, due to high
skewness and unavailability of methods suggested by Luo et al
and Wan et al.*>*® Accordingly, we were unable to perform
meta-analyses comparing endocan levels between patients and
controls and also between different severities of COVID-19.
Second, the low number of included studies, the low sample
size in these studies, and the high heterogeneity among them
may lead to a bias. This was also true for each individual
outcome assessed which was supported by a relatively low
number of studies. Furthermore, due to the chronological
limitations facing the selected studies, a dynamic assessment
of endocan levels throughout the course of the disease was not
possible. Fourth, the geographical distribution of included
studies may be influenced by local factors and patterns; hence,
not generalizable to all patients around the world. Finally, the
inherent biases in each of the included studies which could not
be modified should be taken into consideration.

Conclusion

Endocan showed encouraging prospects as a prognostic
laboratory test in addition to its potential added value in the
diagnosis of patients presenting with symptoms of COVID-
19. However, further studies with a larger study population are
warranted to determine its clinical use.
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