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Abstract

There is growing evidence that angiotensin‐converting enzyme 2 is highly

expressed on endothelial cells, endothelial dysfunction plays a critical role in

coronavirus disease 2019 (COVID‐19) progression, but laboratory evidence is

still lacking. This study established a multicenter retrospective cohort of

966 COVID‐19 patients from three hospitals in Wuhan, China. We found that

male (62.8% vs. 46.5%), old age [72 (17) vs. 60.5 (21)], and coexisting chronic

diseases (88.5% vs. 60.0%) were associated with poor clinical prognosis in

COVID‐19. Furthermore, the deteriorated patients exhibited more severe multiorgan

damage, coagulation dysfunction, and extensive inflammation. Additionally, a

cross‐sectional study including 41 non‐COVID‐19 controls and 39 COVID‐19 patients

assayed endothelial function parameters in plasma and showed that COVID‐19 patients

exhibited elevated vascular cell adhesion molecule‐1 (VCAM‐1) (median [IQR]: 0.32

[0.27] vs. 0.17 [0.11] μg/ml, p < 0.001), E‐selectin (21.06 [12.60] vs. 11.01 [4.63] ng/ml,

p < 0.001), tissue‐type plasminogen activator (tPA) (0.22 [0.12] vs. 0.09 [0.04] ng/ml,

p < 0.001), and decreased plasminogen activator inhibitor‐1 (0.75 [1.31] vs 6.20 [5.34]

ng/ml, p < 0.001), as compared to normal controls. Moreover, VCAM‐1 was positively

correlated with D‐dimer (R= 0.544, p < 0.001); tPA was positively correlated with

D‐dimer (R = 0.800, p < 0.001) and blood urea nitrogen (R = 0.638, p < 0.001). Our

findings further confirm the strong association between endothelial dysfunction and
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poor prognosis of COVID‐19, which offers a rationale for targeting endothelial

dysfunction as a therapeutic strategy for COVID‐19.
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1 | INTRODUCTION

The coronavirus disease 2019 (COVID‐19) pneumonia epidemic has

spread rapidly around the world since its occurrence. It poses an even

more severe threat to global public health with the emergence of

“super variants.”1–6 A proportion of patients experience rapid disease

exacerbation and even death during hospitalization for reasons that

have not been fully elucidated. Angiotensin‐converting enzyme

2 (ACE2) is a primary host target of severe acute respiratory

syndrome coronavirus 2 (SARS‐CoV‐2), which is widely expressed on

the vascular endothelial cells of the lung, kidney, heart, and

intestine.7 A growing body of research has proposed that endothelial

dysfunction may be an essential factor in the rapid progression of

COVID‐19, but laboratory evidence is still lacking.8–10

The endothelium plays a crucial role in maintaining the dynamic

balance between procoagulants and fibrinolytic factors in the

vascular system. Resting endothelial cells maintain vascular

homeostasis by expressing antiplatelet and anticoagulant agents to

inhibit platelet aggregation and fibrin formation. Events such as

SARS‐CoV‐2 infection could activate the endothelium, which

releases more procoagulant factors, triggering fibrin formation, as

well as platelet adhesion and aggregation, promoting and exacerbat-

ing diffuse microvascular and macrovascular thrombosis.9,11

Klok et al.12 reported a 31% incidence of thrombotic complications

in the intensive care unit patients with COVID‐19. Autopsy findings

from many locations reported the formation of deep vein thrombosis

and pulmonary thromboembolism in COVID‐19 decedents.13–16

Activated endothelial cells also release leukocyte adhesion mole-

cules, pro‐inflammatory cytokines, and chemokines which induce

COVID‐19‐associated endotheliitis.8 Varga et al.17 have revealed

the accumulation of inflammatory cells associated with endothelium

and apoptotic bodies in the lung, heart, kidney, liver, and small

intestine in autopsies of COVID‐19 patients. The presence of

thrombosis and endotheliitis in different organs probably explains

the clinical manifestations of multiorgan failure in patients with

severe COVID‐19. Endothelial adhesion molecules that mediate

vascular inflammation, including E‐selectin, p‐selectin intercellular

adhesion molecule‐1 (ICAM‐1), vascular cell adhesion molecule‐1

(VCAM‐1), pro‐inflammatory cytokines (tumor necrosis factor‐α,

interleukin 6 [IL‐6]) and pro‐inflammatory chemokines (IL‐8), and

pro‐coagulation factors, including von Willebrand factor, plasmino-

gen activator inhibitor‐1 (PAI‐1), play important roles in the

aforementioned inflammation and coagulation dysfunction associ-

ated with COVID‐19, suggesting that these soluble mediators may

serve as biomarkers of endothelial activation and endotheliitis.8

To investigate the relationship between endothelial disorders

and disease progression in patients with COVID‐19, we first

compared the demographic characteristics of COVID‐19 patients

with different outcomes. We then analyzed their multiple laboratory

indicators, including organ function (liver, kidney, and heart),

coagulation function, inflammatory status, and hematological

indicators. Finally, we examined endothelial function parameters

in plasma of COVID‐19 patients versus non‐COVID‐19 controls by

enzyme‐linked immunosorbent assay (ELISA) and explored the

correlation of these parameters with disease severity. This study

is expected to provide further laboratory evidence for the

connection between endothelial dysfunction and disease progres-

sion in COVID‐19.

2 | MATERIALS AND METHODS

2.1 | Study design and data source

A multicenter retrospective cohort study was established in three

hospitals (Tianyou Hospital, Wuhan University of Science and

Technology; Puren Hospital, Wuhan University of Science and

Technology; and Wugang Hospital) from Wuhan, China. Adult

patients (older than 18 years) hospitalized with laboratory‐

detected SARS‐CoV‐2 infection (confirmed by reverse‐

transcription polymerase chain reaction) were recruited from

January 13 to March 9, 2020. Participant information (including

demographic data, medical history, exposure history, pre‐existing

complications, symptoms, laboratory findings, chest computed

tomography scans, and treatment) was retrospectively obtained

and reviewed from the electronic medical records by two doctors

(Li H. and Long H.), as shown in Table 1. Laboratory findings were

tested within the first 3 days following admission (Table 2).

The endpoint of this study was 14 days after access (including

patients who were discharged or died during this period).

The cross‐sectional study including 39 COVID‐19 patients and

41 age‐ and sex‐matched non‐COVID‐19 subjects was established

inTianyou Hospital. Blood specimens were collected at the time of

the patient's initial diagnosis of COVID‐19 or physical examina-

tion. The clinical characteristics of these participants are

described in Table 3. The flow chart of this study is shown in

Figure 1. All subjects provided broad informed consent for

research use of their biological samples. The Medical Ethics

Review Board of Wuhan University of Science and Technology

approved this study (No. 202009).
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2.2 | Endothelium dysfunction indicators detection
assay

Contemporaneous blood specimens were obtained from age‐ and

sex‐matched patients with COVID‐19 (n = 39) and non‐COVID‐19

subjects (n = 41) to investigate endothelial function. In all cases, a

fasting blood sample was collected into test tubes containing EDTA

in the morning and centrifuged at 3000g and 4°C for 10min. Then,

the blood plasma was collected and inactivated, portioned into

0.5 ml aliquots, and stored at −80°C until the assays were performed.

Endothelin‐1 (R&D Systems), VCAM‐1 (Solarbio), E‐selectin

(Solarbio), PAI‐1 (Solarbio), and tissue‐type plasminogen activator

([tPA] Solarbio) were measured in plasma samples by ELISA according

to the manufacturers' recommended protocols. All experiments with

inactivated samples were done in a biosafety level (BSL)

2+ laboratory with BSL‐3 protection.

2.3 | Statistics

Patients' clinical characteristics and laboratory findings were given

the median (interquartile range) for continuous variables and the

number (%) for categorical variables. TheWilcoxon rank‐sum test was

used for quantitative data not conforming to a normal distribution.

For categorical data, the χ2 test was used. Pearson correlations

examined relationships between variables, and false discovery rate

was used to correct multiple comparisons. Graphical abstract was

created using graphics from www.Biorender.com.

Missing data were omitted in the analysis of clinical indicators for

different groups, and all statistical analyses were performed using

SAS statistical software (version 9.4). We set the level of statistical

significance at 5%, and all statistical tests were two‐tailed.

3 | RESULTS

3.1 | Demographic characteristics of COVID‐19
patients in this cohort

Between January 13 and March 9, 2020, a total of 966 patients with

laboratory‐confirmed COVID‐19 were enrolled, 888 (91.93%) of

these patients were recovered/improved, and 78 (8.07%) were

deteriorated/died. The clinical characteristics of the study cohort at

baseline are described in Table 1. As previously reported, males

(62.82% vs. 46.51%) predominated in the deteriorated/died group

compared with the recovered/improved group, and the patients in

the deteriorated/died group were significantly older than those in the

recovered/improved group [72 (17) vs. 60.5 (21)]. Coexisting chronic

diseases had higher frequencies in the deteriorated/died group

(88.46%) than in the recovered/improved group (59.95%). There was

no significant difference in common COVID‐19 symptoms reported

cough and fever between the groups.

3.2 | Laboratory findings of patients in this cohort
at admission

On admission, compared with the recovered/improved group, the

deteriorated/died group had significantly higher white blood cell

(WBC) and neutrophil counts and more pronounced lymphopenia. In

addition, they also exhibited more severe multiorgan impairment,

mainly manifested by significantly elevated serum transaminases

(alanine aminotransferase [ALT], p = 0.036; aspartate amino-

transferase [AST], p < 0.001) and bilirubin (total bilirubin [TBIL],

p = 0.010; direct bilirubin [DBIL], p < 0.001) in liver function, creatine

kinase and lactate dehydrogenase in cardiac function, and blood urea

nitrogen (BUN, p < 0.001), creatinine (p < 0.001), and cysteine

C (p < 0.001) in renal function. The deteriorated/dead patients also

exhibited coagulation dysfunction, including significantly prolonged

prothrombin time (PT, p < 0.001) and activated partial thromboplastin

time (APTT, p = 0.006), as well as meaningfully elevated fibrinogen

(p < 0.001) and D‐dimer (p < 0.001) levels. Apart from that, their

C‐reactive protein (CRP, p < 0.001), procalcitonin (p < 0.001), and

serum amyloid A (SAA, p < 0.001) levels (markers of the acute

inflammatory response) were also significantly elevated. The differ-

ences in laboratory findings are detailed in Table 2. These results

indicated that extensive multiorgan damage, coagulation dysfunction,

and systemic inflammation are important reasons for the aggravation

of COVID‐19 or even death.

TABLE 1 Demographic characteristics of COVID‐19 patients in
this study

Characteristics
Recovered/
improved (n = 888)

Deteriorated/
died (n = 78)

Age (years) 60.5 (21) 72 (17)

Sex

Male 413 (46.51%) 49 (62.82%)

Female 475 (53.49%) 29 (37.18%)

Symptoms on admission

Cough 587 (66.10%) 49 (62.82%)

Fever 618 (69.59%) 55 (70.51%)

Fatigue 198 (22.30%) 29 (37.18%)

Coexisting chronic
diseases

527 (59.95%) (n = 879) 69 (88.46%) (n = 78)

Note: Data are number (%) or median (IQR). Coexisting chronic diseases
include cancer, cardiovascular diseases, diabetes, chronic kidney diseases,
chronic pulmonary diseases, autoimmune diseases, etc.

Abbreviations: COVID‐19, coronavirus disease 2019; IQR, interquartile
range.
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TABLE 2 Laboratory findings on admission for different groups

Variables Recovered/improved Deteriorated/died p Value

Liver function markers n = 858 n = 75

ALT (U/L) 24.00 (19.00) 27.00 (21.00) 0.036

AST (U/L) 25.00 (15.90) 43.00 (34.60) <0.001

GGT (U/L) 25.00 (22.00) 33.00 (41.00) 0.005

ALP (U/L) 70.00 (30.80) 81.00 (56.00) 0.005

TBIL (μmol/L) 10.00 (5.00) 12.00 (9.00) 0.010

DBIL (μmol/L) 3.00 (3.00) 5.00 (5.00) <0.001

TP (g/L) 65.00 (8.00) 64.00 (8.00) 0.878

ALB (g/L) 40.00 (7.00) 35.50 (6.00) <0.001

GLB (g/L) 25.00 (7.00) 30.00 (6.00) <0.001

TBA (μmol/L) 3.20 (3.09) 3.50 (4.50) 0.058

Renal function markers n = 826 n = 67

BUN (mmol/L) 4.20 (2.10) 7.80 (7.90) <0.001

Cr (μmol/L) 63.00 (24.00) 79.00 (57.00) <0.001

Cys_C (mg/L) 0.94 (0.32) 1.29 (0.72) <0.001

Cardiac function markers n = 593 n = 38

CK (U/L) 79.00 (86.00) 121.50 (365.00) 0.006

LDH (U/L) 214.00 (123.00) 376.00 (269.5) <0.001

Inflammation markers n = 605 n = 58

Procalcitonin (μg/L) 0.03 (0.05) 0.14 (0.89) <0.001

SAA (mg/L) 72.00 (195.80) 200.00 (83.80) <0.001

CRP/hsCRP (mg/L) 6.80 (32.40) 69.00 (119.50) <0.001

Routine blood markers n = 711 n = 57

WBC (×109/L) 5.20 (2.54) 8.62 (6.87) <0.001

L (×109/L) 1.23 (0.83) 0.61 (0.50) <0.001

N (×109/L) 3.33 (2.02) 7.44 (6.88) <0.001

Coagulation parameters n = 806 n = 71

PT (s) 12.10 (1.50) 12.80 (2.00) <0.001

APTT (s) 29.20 (7.90) 31.00 (14.40) 0.006

TT (s) 15.10 (2.30) 15.60 (2.90) 0.055

FIB (g/L) 3.70 (2.00) 4.90 (2.15) <0.001

INR 1.02 (0.13) 1.08 (0.19) <0.001

D‐dimer (mg/L) 0.33 (0.54) 0.96 (3.92) <0.001

Note: Data are median (IQR).

Abbreviations: ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; APTT, activated partial thromboplastin time; AST, aspartate
aminotransferase; BUN, blood urea nitrogen; CK, creatine kinase; Cr, creatinine; CRP, C‐reactive protein; Cys_C, cysteine C; DBIL, direct bilirubin;
FIB, fibrinogen; GGT, gamma‐glutamyl transpeptidase; GLB, globulin; hsCRP, high‐sensitivity C‐reactive protein; INR, international normalized ratio;
IQR, interquartile range; L, lymphocyte counts; LDH, lactate dehydrogenase; N, neutrophil counts; PT, prothrombin time; SAA, serum amyloid A;
TBA, total bile acid; TBIL, total bilirubin; TP, total protein; TT, thrombin time; WBC, white blood cell.
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3.3 | COVID‐19 patients exhibited abnormal
endothelial function parameters

To investigate whether the endothelial function is aberrant in

COVID‐19 patients, we tested endothelial function‐related markers

in the plasma of 39 COVID‐19 patients and 41 non‐COVID‐19

controls using ELISA. The results showed that plasma PAI‐1

(median [IQR], 0.75 [1.31] vs 6.20 [5.34] ng/ml, p < 0.001) was

statistically significantly diminished in COVID‐19 patients com-

pared to normal controls. At the same time, VCAM‐1 (0.32 [0.27]

vs. 0.17 [0.11] μg/ml, p < 0.001), E‐selectin (21.06 [12.60] vs. 11.01

[4.63] ng/ml, p < 0.001), and tPA (0.22 [0.12] vs. 0.09 [0.04] ng/ml,

p < 0.001) were augmented, and endothelin‐1 (1.40 [0.95] vs.1.31

[0.65] pg/ml, p = 0.127) tended to be increased but not meaningful

(Figure 2), suggesting that COVID‐19 patients suffer from abnormal

endothelial function. Correlation analysis showed that plasma

levels of VCAM‐1 in COVID‐19 patients were significantly and

positively correlated with D‐dimer (R = 0.544, p < 0.001); and tPA

levels were positively correlated with D‐dimer (R = 0.800, p < 0.001)

and BUN (R = 0.638, p < 0.001) (Figure 3). In brief, these parameters

of endothelial function were significantly associated with markers

of clinical disease severity (D‐dimer and BUN). These findings

highlight the strong association of abnormal endothelial function

with COVID‐19 disease progression.

4 | DISCUSSION

In this retrospective study, we found that the poor prognosis of

COVID‐19 patients may be associated with male, old age, chronic

disease, multiorgan damage, extensive inflammation, and abnormal

coagulation. Further, our laboratory data showed that COVID‐19

patients exhibit abnormal endothelial function compared to non‐

COVID‐19 controls and endothelial function‐related parameters

significantly correlate with COVID‐19 disease severity. These

findings provide further evidence for the strong association between

endothelial dysfunction and poor prognosis of COVID‐19 and

provide a rationale for targeting endothelial dysfunction as a

therapeutic strategy for COVID‐19.

An emerging body of research has indicated that abnormal

coagulation and inflammation may be important reasons for the

deterioration or death of COVID‐19 patients.18–21 Masi et al.18

reported that the systemic inflammatory response is a crucial

contributor to COVID‐19‐associated coagulopathy. D‐dimer and

consumptive coagulopathy are reported to be indicators of mortal-

ity.20 This study found a significant increase in WBC counts and a

decrease in lymphocyte counts in COVID‐19 patients who eventually

deteriorated/died compared to those who recovered/improved. CRP

and SAA, markers of the acute inflammatory response, were

significantly elevated, which may be due to excessive activation

and rapid depletion of lymphocytes in the acute phase. In addition,

our findings revealed that compared with recovered/improved

patients, the deteriorated/died patients had reduced platelet counts,

prolonged PTs, and elevated D‐dimer and fibrinogen levels, exhibiting

abnormal coagulation. Our findings further confirm that inflammation

and coagulation are vital contributors to the poor prognosis of

COVID‐19 patients.

The underlying chronic inflammatory features and comorbid-

ities may lead to the upregulation of specific ACE2‐related

molecules, potentially predisposing patients to SARS‐CoV‐2

TABLE 3 Demographic characteristics of participates in
endothelial function detection assay

Characteristics
COVID‐19
patients (n = 39)

Non‐COVID‐19
subjects (n = 41)

Age (years) 57 (26) 53 (21.5)

Sex

Male 21 (53.85%) 20 (48.78%)

Female 18 (46.15%) 21 (51.22%)

Coexisting chronic
diseases

22 (56.41%) 22 (53.66%)

Note: Data are number (%) or median (IQR). Coexisting chronic diseases
include cancer, cardiovascular diseases, diabetes, chronic kidney diseases,

chronic pulmonary diseases, autoimmune diseases, etc.

Abbreviations: COVID‐19, coronavirus disease 2019; IQR, interquartile

range.

F IGURE 1 Study flow chart
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infection.22 Some individual factors, such as age and coexisting

chronic diseases, also affect vascular endothelial function.23,24

Previous studies have reported that ACE2‐mediated SARS‐CoV‐2

entry into the body may activate endothelial cells.24–26 Endothelial

cell activation leads to increased cytokines and adhesion molecules

that trigger leukocyte homing, adhesion, and migration to the

vascular endothelium.27 VCAM‐1, E‐selectin, and endothelin‐1 are

well‐known biomarkers of endothelial activation or impairment.

(A) (B) (C)

(D) (E)

F IGURE 2 Patients with COVID‐19 exhibit endothelial dysfunction. (A) The plasma concentration levels of VCAM‐1 in patients with
COVID‐19 and non‐COVID‐19 control subjects. (B) The plasma concentration levels of E‐selectin in patients with COVID‐19 and
non‐COVID‐19 control subjects. (C) The plasma concentration levels of endothelin‐1 in patients with COVID‐19 and non‐COVID‐19 control subjects.
(D) The plasma concentration levels of tPA in patients with COVID‐19 and non‐COVID‐19 control subjects. (E) The plasma concentration levels
of PAI‐1 in patients with COVID‐19 and non‐COVID‐19 control subjects. All data presented as the mean ± SEM. Differences were tested using
unpaired two‐tailed Mann–Whitney test. COVID‐19, coronavirus disease 2019; PAI‐1, plasminogen activator inhibitor‐1; tPA, tissue‐type
plasminogen activator; VCAM‐1, vascular cell adhesion molecule‐1

(A) (B) (C)

F IGURE 3 Positive correlations between indicators of endothelial function and clinical markers of disease severity. (A) Positive correlations
between plasma concentrations of VCAM‐1 and clinical laboratory indices of D‐dimer. Positive correlations between plasma concentrations
of tPA and clinical laboratory indices of (B) D‐dimer and (C) BUN. R for Pearson's correlation coefficient, *p < 0.001. BUN, blood urea
nitrogen; tPA, tissue‐type plasminogen activator; VCAM‐1, vascular cell adhesion molecule‐1
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Especially, E‐selectin is probably the most specific for endothelial

activation,28 and we found here that plasma E‐selectin concentrations

were significantly higher in COVID‐19 patients than non‐COVID‐19

controls. Endothelial cell activation is also involved in procoagulation,

marked by a disturbed tPA and PAI‐1 balance, promoting coagulation

and platelet activation. This theory is mainly based on the clinical

features of COVID‐19 patients and the current knowledge of the ACE2

target. However, there is only a limited amount of direct laboratory

evidence to support this view. Previous studies have compared

endothelial function parameters, such as VCAM‐1, in COVID‐19

patients with different clinical outcomes.29–32 Still, the relationship of

these parameters with other markers of clinical disease severity has not

been investigated. The causal relationship between endothelial

disorders and disease progression remains elusive. In the present

study, we compared endothelial function in COVID‐19 patients and

non‐COVID‐19 controls. We found that COVID‐19 patients exhibited

abnormal endothelial function compared to controls, suggesting that

abnormal endothelial function may be associated with the onset of

COVID‐19. Moreover, there was a significant association between

these endothelial function parameters and clinical markers of disease

severity (D‐dimer and BUN), indicating that endothelial dysfunction may

be involved in the progression of COVID‐19. These findings provide

direct evidence for the strong correlation between abnormal endothe-

lial function and exacerbation/death in COVID‐19. Abnormal activation

of endothelial cells caused by viral infection (including variants) or other

reasons may trigger vascular dysfunction in patients with COVID‐19,

resulting in systemic inflammation, coagulation dysfunction, and multi-

organ damage, ultimately leading to the aggravation of the disease

or even death.

Several mutations in the “super variants” occur in the critical

antigenic regions of the receptor‐binding protein. In contrast, the

receptors for viral invasion into the host are usually unaltered,33,34

suggesting that the pathogenesis of COVID‐19 is well conserved,

and endothelial disturbances may be prevalent in infected

individuals of various variants. Multiple therapies targeting

endothelial disorders have been used to alleviate symptoms and

protect multiorgan function in patients with COVID‐19, especially

those with severe conditions and poor prognosis.9,35

The renin–angiotensin–aldosterone system (RAAS) inhibitors,

including ACE inhibitors and angiotensin receptor blockers, have

been proven to improve endothelial dysfunction.36,37 A UK cohort

study revealed that RAAS inhibitors were associated with a lower

incidence risk of COVID‐19.38 A Spanish study found that the use

of ACE inhibitors significantly reduced the risk of COVID‐19

hospital admissions, and those diabetic persons with RAAS

inhibitors had a lower risk than nonusers.39 Further, RAAS

inhibitors were reported with a trend to reduce COVID‐19‐

related mortality.40 Statins are another group of drugs for the

treatment of endothelial dysfunction and prevention of vascular

damage. A retrospective cohort study from a Chinese population

showed lower mortality in patients with COVID‐19 using statins

versus non‐users.41 Our data showed that COVID‐19 patients exhibit

aggravated endothelial dysfunction compared to non‐COVID‐19 controls,

which provides new laboratory evidence for therapeutic strategies

targeting endothelial dysfunction in COVID‐19.

Although our results provide new laboratory evidence for the

view that endothelial dysfunction correlates with poor prognosis in

COVID‐19 patients, several limitations should be noted in inter-

preting the results. First, due to limited blood samples, we only

compared the differences in endothelial function indicators between

COVID‐19 patients and non‐COVID‐19 controls. We did not

subgroup COVID‐19 patients to compare whether there were

differences in endothelial function indicators between groups.

Second, the patient cohort was recruited only from inpatients in

one Chinese province, and whether these changes in endothelial

function indicators can also be extended to other patients with

different genetic and geographic backgrounds requires further

validation. Finally, the high number of missing values for specific

variables (e.g., markers of cardiac function) in our cohort may cause a

bias in the results. However, the differences we found between the

two groups were highly significant, making our results still convincing.

5 | CONCLUSIONS

In summary, our study provides new laboratory evidence for the

theory that endothelial dysfunction relates to multiorgan damage,

extensive inflammation and coagulation disturbances, and eventual

exacerbation/death in COVID‐19 patients. Our findings provide new

insights into how to advance the understanding of the pathogenesis

of this disease and provide a basis for targeting endothelial

dysfunction as a therapeutic strategy for COVID‐19.
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