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A B S T R A C T   

Virus induced endothelial dysregulation is a well-recognised feature of severe Covid-19 infection. Endothelin-1 
(ET-1) is the most highly expressed peptide in endothelial cells and a potent vasoconstrictor, thus representing a 
potential therapeutic target. 

ET-1 plasma levels were measured in a cohort of 194 Covid-19 patients stratified according to the clinical 
severity of their illness. Hospitalised patients, including those who died and those developing acute myocardial 
or kidney injury, had significantly elevated ET-1 plasma levels during the acute phase of infection. 

The results support the hypothesis that endothelin receptor antagonists may provide clinical benefit for certain 
Covid-19 patients.   

1. Introduction 

The Coronavirus disease 2019 (Covid-19) pandemic continues to 
place a devastating strain on healthcare services worldwide and there 
remains an ongoing requirement for new therapies [1]. 

SARS-CoV-2, the causative agent of Covid-19, infects host cells by 
exploiting ACE2, a surface receptor expressed by epithelial cells and the 
vascular endothelium – the layer of cells lining all blood vessels [1]. 
There is emerging consensus that in progressive severe Covid-19 disease, 
virus-induced endothelial damage may result in a syndrome of excessive 
vasoconstriction, inflammation and thrombosis [2,3]. Viral inclusions 
and lymphocytic infiltration of apoptotic endothelial cells have been 
identified from histological examination of tissues obtained from Covid- 
19 patients with acute lung [4,5], kidney [5] and myocardial injury 
[5,6]. Additionally, multiple plasma markers for endothelial injury are 
elevated in hospitalised Covid-19 patients on admission [7,8]. 

Endothelin-1 (ET-1), being the most highly expressed peptide in 
endothelial cells and potent vasoconstrictor of human blood vessels 
[9,10], represents a potential therapeutic target. The benefit of 

endothelin receptor antagonists is already well established in pulmonary 
arterial hypertension [11] hence these medications may be suitable for 
accelerated regulatory approval. ET-1 is released from endothelial cells 
via a continuous constitutive pathway and supplemented by ET-1 
release from Weibel-Palade bodies (the unique storage granules of 
endothelial cells) in response to extra-cellular stimuli including in-
flammatory cytokines [10]. 

Willems et al. have recently reported elevated ET-1 levels in patients 
3 months post Covid-19 infection [12]; however the association of ET-1 
with clinical outcomes likely to impact the provision of healthcare re-
sources, such as hospitalisation, has not been investigated. In the present 
study, we tested the hypothesis that elevated levels of plasma ET-1 in the 
acute phase of Covid-19 infection would be associated with more severe 
disease. 

2. Methods 

Plasma samples and clinical variables were obtained with ethical 
approval (REC:17/EE/0025) and informed consent from participants 
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enrolled in the Cambridge NIHR Covid-19 Biobank project. Patients with 
positive SARS-Cov-2 PCR tests were divided into three groups based on 
the clinical severity of their illness: A, asymptomatic or mild symptoms 
not requiring hospitalisation; B, symptoms requiring hospitalisation but 
with no requirement for supplemental oxygen therapy at any stage; C, 
hospitalised with symptoms requiring one, or a combination of supple-
mental oxygen therapy, non-invasive or invasive ventilation. Patient 
demographics and clinical codes for underlying comorbidities (hyper-
tension, ischemic heart disease, diabetes, congestive cardiac failure and 
chronic kidney disease) were retrospectively obtained from the elec-
tronic medical record as was the occurrence during the index admission 
of the following clinical endpoints: acute kidney injury (defined 

according to the Kidney Disease Improving Global Outcomes guidelines 
(2012): an acute rise in serum creatinine ≥26.5 μmol/l from baseline), 
acute myocardial injury (defined according to the Fourth Universal 
Definition of Myocardial Infarction (2018): an acute rise in cardiac 
troponin level with at least one value >99th percentile upper reference 
limit) and inpatient mortality. Venous blood samples were collected 
(where possible after the time of enrolment) from patients at 0, 28 and 
90 days after admission to hospital (or from the time of PCR test for 
Group A). Samples were also collected at baseline for a control group 
comprising PCR negative hospital staff. ET-1 was measured in duplicate 
using an established sandwich ELISA (R&D Systems, U.S.A). 

Statistical analysis was performed using SPSS version 27 (IBM Corp., 

Fig. 1. A, Comparison of ET-1 at baseline across 
categories: Controls refer to non-infected volunteers 
(n = 26); group A (n = 51): non-hospitalised Covid-19 
patients; groups B (n = 39) and C (n = 78): hospi-
talised Covid-19 patients; uncomplicated (n = 62): 
Covid-19 infected patients after excluding dying pa-
tients (n = 14), patients requiring supplemental oxy-
gen or assisted ventilation (n = 78) or developing 
acute kidney injury (n = 29) or acute myocardial 
injury (n = 31). ET-1 concentrations represent mean 
concentration following measurement in duplicate 
using ELISA (R&D Systems, U.S.A). B, Comparison of 
ET-1 levels in categories A-C at day 28 and 90 after 
admission compared to day 0.   
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USA) for Windows. Normality of continuous variable distributions was 
tested by one-sample Kolmogorov-Smirnov test. Non-normally distrib-
uted continuous variables are presented as Median (inter-quartile range 
[Q1 - Q3]). Pairwise comparison of ET-1 levels between patient cate-
gories A-C and controls, between different time-points for categories A- 
C, and between subgroups defined by clinical endpoints was undertaken 
using the Independent Samples Kruskal-Wallis Test. To assess for po-
tential confounding effects when comparing ET-1 levels between patient 
categories A-C and controls as well as between all Covid-19 infected 
patients with controls, univariate analysis of co-variance was performed 
for each of: age, gender, ethnicity, hypertension, ischemic heart disease, 
diabetes, congestive cardiac failure and chronic kidney disease. To 
assess the association of baseline ET-1 with hospitalisation amongst 
infected patients, a binary logistic regression model was calculated 
adjusted for recognised confounders of baseline ET-1: hypertension, 
ischemic heart disease, diabetes, congestive cardiac failure and chronic 
kidney disease. 

3. Results 

All data that support the findings of this study are available from the 
corresponding author upon reasonable request. Plasma samples were 
obtained from 194 patients. Samples from 157 patients were available at 
baseline, 84 patients at day 28 and 35 patients at day 90. Reasons for 
drop-out during follow-up included death, persisting disability and 
repatriation outside our locality, having been initially referred to our 
centre for specialist care. Plasma samples were sufficient for analysis in 
all cases. At baseline, ET-1 levels (pg/ml) were significantly elevated in 
the patients requiring hospitalisation (Group B: 1.59 [1.13–1.98], and C: 
1.65 [1.02–2.32]) compared with both controls (0.68 [0.47–0.87], p 
≤0.001) and patients with asymptomatic or mild infection (Group A: 
0.72 [0.57–1.10], p ≤0.001): Fig. 1A. Mean age ± SD was 41.1 ± 16.4 in 
controls, 35.8 ± 12.6 in group A, 58.8 ± 17.1 in group B and 62.1 ±
14.3 in Group C. The proportion of females was 61.5% in controls, 
82.4% in group A, 38.5% in Group B and 32.1% in Group C. The fre-
quency of underlying comorbidities was higher in Groups B and C 
compared with Group A and controls (Table 1). Despite heterogeneity in 
clinical and demographic characteristics, differences in baseline ET-1 
between infected versus non-infected patients and all patient cate-
gories remained significant (p < 0.05) in corrected models for age, 
gender, ethnicity, hypertension, ischemic heart disease, diabetes, 
congestive cardiac failure and chronic kidney disease using between- 
subjects effect analysis of co-variance (Table 2). Amongst the infected 
patients, baseline ET-1 was a significant independent predictor of hos-
pitalisation in a multivariate binary logistic regression model including 
hypertension, ischemic heart disease, diabetes, congestive cardiac fail-
ure and chronic kidney disease (odds ratio [95%CI]: 4.5 [1.8–11.2], p =
0.001 - appendix). 

Baseline ET-1 levels (pg/ml) were also significantly elevated in 
subgroups of patients that died (2.09 [1.66–3.15]), developed acute 
kidney (1.70 [1.07–2.36]) or myocardial injury (1.50 [0.92–2.28]) 
compared with patients with an uncomplicated infection (1.00 
[0.61–1.57], p ≤0.01) for whom these endpoints were not recorded 
(Fig. 1A). 

Amongst surviving hospitalised patients, ET-1 levels (pg/ml) 
decreased monotonically when measured at 28 days (Group B: 0.86 
[0.60–1.61] and Group C: 1.17 [0.66–1.62] versus baseline, p ≤0.05) 
and 90 days (Group B: 0.69 [0.59–1.38] and Group C: 1.01 [0.64–1.21] 
versus baseline, p ≤0.05): Fig. 1B. 

4. Discussion 

Our results demonstrate a dynamic virus induced increase in the 
level of the endothelial peptide, ET-1 during the acute phase of Covid-19 
infection, which is associated with the clinical severity of disease. We 
hypothesise that elevation of ET-1 plasma levels could result from 

Table 1 
ET-1, patient demographics and clinical endpoints.  

Time-point controls A B C 

n = 26 n = 51 n = 39 n = 78 

ET-1 day 0 0.68 
(0.47–0.87) 

0.72 
(0.57–1.10) 

1.59 
(1.13–1.98)*** 

1.65 
(1.02–2.32)*** n = 157 

ET-1 day 28 – 0.73 
(0.50–1.18) 

0.86 
(0.60–1.61)†

1.17 
(0.66–1.62)†n = 84 

ET-1 day 90 – 0.76 
(0.60–1.12) 

0.69 
(0.59–1.38)†

1.01 
(0.64–1.21)†n = 35  

Demographics 
Age (Mean 
± SD) 

41.1 ± 16.4 35.8 ± 12.6 58.8 ± 17.1 62.1 ± 14.3 

Female 16 (62) 42 (82) 15 (39) 25 (32) 
White 

ethnicity 
21 (80) 40 (78) 32 (84) 64 (82) 

HTN 3 (12) 2 (4) 16 (44) 36 (46) 
IHD 0 (0) 0 (0) 4 (11) 14 (18) 
DM 1 (4) 0 (0) 9 (25) 31 (40) 
CCF 0 (0) 0 (0) 2 (6) 10 (13) 
CKD 0 (0) 0 (0) 7 (19) 15 (20)  

Clinical Endpoints 
AKI – – 3 (8) 30 (38) 
AMI – – 4 (11) 34 (45) 
Death – – 1 (3) 13 (17) 
Admission 

duration 
(days) 

– – 6.7 ± 11.6 31.8 ± 3.8 

cTn (ng/L) – – 5.5 (0.0–13.9) 16.2 (5.4–59.2) 
NTproBNP 

(pg/ml) 
– – 113 (35–258) 313 

(123–1315) 

Table shows: Top: ET-1 (pg/ml) at all time-points (median [IQR]). *** indicates 
significant difference (p ≤0.001) when comparing indicated patient group and 
control; † indicates significant difference (p ≤0.05) when comparing ET-1 at the 
indicated time-point with the corresponding baseline ET-1 level. Middle: De-
mographics and underlying comorbidities within patient categories, figures are 
n (% of total). HTN indicates hypertension, IHD: ischemic heart disease, DM: 
diabetes mellitus, CCF: congestive cardiac failure, CKD: chronic kidney disease. 
Bottom: Clinical endpoints recorded for hospitalised patients, figures are n (% of 
total). AKI indicates acute kidney injury, AMI: acute myocardial injury. cTn 
refers to peak cardiac specific Troponin levels (median [IQR]); NTproBNP: peak 
N-terminal pro-B-type natriuretic peptide (median [IQR]); Admission duration: 
duration of index Covid-19 related admission measured in total days (mean ±
SD). 

Table 2 
Differences in baseline ET-1 adjusted for confounding using univariate analyses 
of co-variance.  

Null hypothesis: 
Baseline ET-1 is not 
significantly 
different: 

between patient categories 
(controls, A, B and C) 

between infected (A, B and 
C) and non-infected patients 
(controls) 

Covariate Variables Test 
statistic 

p value after 
univariate 
adjustment 

Test 
statistic 

p value after 
univariate 
adjustment 

Age 2.91 0.04 6.02 0.04 
Gender 13.4 <0.001 17.1 <0.01 
Ethnicity 16.0 <0.001 17.5 <0.01 
HTN 7.3 <0.001 12.1 <0.01 
IHD 8.9 <0.001 13.7 <0.01 
DM 7.5 <0.001 12.0 <0.01 
CCF 7.8 <0.001 11.9 <0.01 
CKD 9.0 <0.001 13.7 <0.01 

Differences in baseline ET-1 remained significant after adjustment for con-
founding variables. Test statistic: difference in mean square ET-1 at time 0 after 
adjustment for covariate variables; p value after univariate adjustment refers to 
probability that differences in baseline ET-1 are not significantly different be-
tween patient categories (controls, A, B and C) and between infected and non- 
infected patients after adjustment for differences in covariate variables. 
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inflammatory cytokine mediated up-regulation of the stimulated 
Weibel-Palade body ET-1 secretory pathway. Von-Willebrand Factor is 
the principal stored component of Weibel-Palade bodies [13] and has 
been shown to be similarly up-regulated in the acute phase of Covid-19 
infection [8]. Alternatively or additionally, viral induced cell death may 
result in the release of stored ET-1 into the circulation (Fig. 2). 

Accumulating evidence suggests endothelial dysregulation is a key 
mechanism for disease progression following Covid-19 infection. Post- 
mortem histology from Covid-19 patients with multi-organ failure has 
identified pathological endotheliitis in multiple vascular beds [4–6] 
while elevation of various biomarkers of endothelial damage in patients 
with severe Covid-19 infection has also been demonstrated [7,8]. 

Our results are replicated by Willems et al. who reported an elevation 
in ET-1 levels for a subset of 36 Covid-19 infected patients during the 
acute illness compared with a historic non-infected control group [12]. 
Gregoriano et al. had earlier reported on the lack of prognostic utility of 
C-terminal proendothelin-1 (proET-1) to predict mortality in Covid-19 
[14]. Compared with ET-1 measured in the present study, proET-1 is 
metabolised differently and is an inactive peptide that does not cause 
vasoconstriction therefore significant correlation between the two bio-
markers is unlikely in vivo. 

Higher plasma levels of ET-1 are a recognised feature of pulmonary 
arterial hypertension (PAH) and increased expression of ET-1 in pul-
monary endothelial cells has been shown to correlate with increased 
pulmonary vascular resistance in this condition [11]. The magnitude of 
the ET-1 elevation we have observed in hospitalised Covid-19 patients 
was similar to that reported in the early studies comparing ET-1 levels in 
PAH patients with normal subjects [15] [16]. Multiple large clinical 
trials have now established the prognostic benefit of ET receptor an-
tagonists in idiopathic and connective tissue disease associated PAH 

[11]. Outside of PAH, increased plasma levels of ET-1 are also associated 
with increased coronary [17] and systemic vasoconstriction [18] in 
coronary microvascular dysfunction, and endothelial dysfunction in 
vasospastic angina [19] highlighting that ET-1 dysregulation affects 
disparate vascular territories with adverse consequences. In our Covid- 
19 cohort, the highest plasma ET-1 levels were seen in patients who 
died in hospital. Levels were also high in patients whose infection was 
complicated by respiratory failure (indicated by a requirement for 
supplemental oxygen or assisted ventilation), acute kidney or myocar-
dial injury. This generates the hypothesis that increased circulating ET-1 
and ETA receptor activation may lead to increased vasoconstriction in 
different vascular beds contributing to progressive Covid-19 disease. 

4.1. Limitations 

This was a retrospective observational study with all patients 
enrolled during the very challenging first wave of the pandemic, when 
no specific therapies for Covid-19 were known and prior to the avail-
ability of vaccines. Further exploration of the pathophysiological 
changes resulting from elevated ET-1 levels in critically unwell patients 
was not feasible in this period. Our study was underpowered to detect 
significant associations of ET-1 independent from confounding variables 
for rarer clinical endpoints such as mortality hence this data should be 
considered hypothesis generating only. 

5. Conclusion 

Our results demonstrate that elevated ET-1 in the acute phase of 
Covid-19 infection is a clinical feature unique to severe disease, sup-
porting the hypothesis [8] that endothelin receptor antagonists, used to 

Fig. 2. Hypothesis for mechanism of increased plasma ET-1 levels in severe Covid-19 infection. Covid-19 infection may up-regulate circulating cytokines to stimulate 
the regulated ET-1 secretory pathway. Additionally, viral entry into endothelial cells induces cell damage and release of stored ET-1 into the circulation. (Illustration 
generated using Servier Medical Art (smart.servier.com) used under Creative Commons License CC BY 3.0). 

G.R. Abraham et al.                                                                                                                                                                                                                            



Journal of Molecular and Cellular Cardiology 167 (2022) 92–96

96

treat pulmonary arterial hypertension, may be beneficial in a subset of 
Covid-19 patients. 
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