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ABSTRACT

OBJECTIVE: Coronavirus disease-19 (COVID-19) is a multisystemic disease that can cause severe illness and mortality by
exacerbating symptoms such as thrombosis, fibrinolysis, and inflammation. Plasminogen activator inhibitor-1 (PAI-1) plays an
important role in regulating fibrinolysis and may cause thrombotic events to develop. The goal of this study is to examine the
relationship between PAI-1 levels and disease severity and mortality in relation to COVID-19.

METHODS: A total of 71 hospitalized patients were diagnosed with COVID-19 using real time-polymerase chain reaction
tests. Each patient underwent chest computerized tomography (CT). Data from an additional 20 volunteers without COVID-19
were included in this single-center study. Each patient’s PAI-1 data were collected at admission, and the CT severity score
(CT-SS) was then calculated for each patient.

RESULTS: The patients were categorized into the control group (n=20), the survivor group (n=47), and the non-survi-
vor group (n=24). In the non-survivor group, the mean age was 75.3+£13.8, which is higher than in the survivor group
(61.7£16.9) and in the control group (59.5+£11.2), (p=0.001). When the PAI-1 levels were compared between each group,
the non-survivor group showed the highest levels, followed by the survivor group and then the control group (p<0.001). Lo-
gistic regression analysis revealed that age, PAI-1, and disease severity independently predicted COVID-19 mortality rates. In
this study, it was observed that PAI-1 levels with >10.2 ng/mL had 83% sensitivity and an 83% specificity rate when used to
predict mortality after COVID-19. Then, patients were divided into severe (n=33) and non-severe (n=38) groups according to
disease severity levels. The PAI-1 levels found were higher in the severe group (p<0.001) than in the non-severe group. In the
regression analysis that followed, high sensitive troponin I and PAI-1 were found to indicate disease severity levels. The CT-SS
was estimated as significantly higher in the non-survivor group compared to the survivor group (p<0.001). When comparing
CT-SS between the severe group and the non-severe group, this was significantly higher in the severe group (p<0.001). In
addition, a strong statistically significant positive correlation was found between CT-SS and PAI-1 levels (r: 0.838, p<0.001).

CONCLUSION: Anticipating poor clinical outcomes in relation to COVID-19 is crucial. This study showed that PAI-1 levels
could independently predict disease severity and mortality rates for patients with COVID-19.
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evereacute respiratory syndrome coronavirus 2 (SARS-

CoV-2) is a beta-coronavirus that originated in China
and causes the acute respiratory syndrome known as coro-
navirus disease-19 (COVID-19). In 2020, the spread of
COVID-19 resulted in a global pandemic [1]. Clinical
findings and mortality rates in relation to COVID-19
have generally been associated with the respiratory system
and cardiovascular system [2]. Infections associated with
COVID-19 can cause numerous cardiovascular compli-
cations, such as myocardial injury, ischemia, myocarditis,
arrhythmic events, and thromboembolism 3]. In patients
with COVID-19, venous and arterial thrombi formation
causes serious diseases, including myocardial damage,
heart failure, stroke, and respiratory distress syndromes, as
well as common pulmonary and cardiovascular complica-
tions [4]. These findings show that endothelial dysfunction
plays a crucial role in the pathophysiology of COVID-19
disease [5]. Many biomarkers such as troponin, brain na-
triuretic peptide, and D-dimer are important to diagnose
cardiac involvement and coagulopathy and to demonstrate

the severity of COVID-19 [6, 7].

In many infections, endothelial cells secrete IL-6,
TNF-0, and IL-1 cytokines, both of which increase the
proliferation of tissue factor (TF) in the endothelial liner
while increasing plasminogen activator inhibitor-1 (PAI-
1) levels [8, 9]. Endotoxin-induced proliferation of TF and
PAI-1 in the endothelial cells may, therefore, constitute a
stimulus that can support thrombotic events [10]. As PAI-
1 is a glycoprotein and serine proteinase inhibitor, it plays
a critical role within the fibrinolytic system and is synthe-
sized by hepatocytes, megakaryocytes, and endothelium
[11]. Low levels of tissue plasminogen activator (tPA) or
high PAI-1 levels provide tPA inhibition and can have an
adverse effect on the fibrinolytic system [12]. The overex-
pression of PAI-1, which provides arrangement of fibrinol-
ysis, causes thrombotic events to improve [13]. In patients
with COVID-19, the risk of thrombotic events is in-
creased due to plaque ruptures and increased coagulability
in conjunction with intense systemic inflammation and di-
rect vascular inflammation [14]. The presence of abnormal
coagulation parameters and the correlation between coag-
ulation parameters, including D-dimer and international
normalized ratio (INR), and disease severity have been
observed in hospitalized patients with severe COVID-19
[15]. However, no existing studies evaluate the relationship
between PAI-1, disease severity, and mortality.

The goal of our study is to demonstrate the relation-
ship between PAI-1 levels and disease severity and mor-

tality in hospitalized patients with COVID-19.

Highlight key points

e Patient PAI-1 levels were evaluated separately in patients
that died and patients that showed severe levels of the dis-
ease. These levels were observed to be high in both groups
and showed a general increase in all patients with COVID-19
compared to healthy individuals.

e Radiological evaluation with CT scans was also performed,
and a strong correlation was found between radiological dis-
ease severity and high PAI-1 levels.

e Patient PAI-1 levels were found to predict mortality and dis-
ease severity separately with a high sensitivity and specific-
ity percentage.

MATERIALS AND METHODS

Study Population

This study examined 71 hospitalized patients that were di-
agnosed with COVID-19 using real time-polymerase chain
reaction (RT-PCR) tests and chest computerized tomogra-
phy (CT) between June 2020 and August 2020 within a
single center. Twenty healthy individuals, matched by age
and gender, with no known cardiac or pulmonary diseases,
were recruited into the control group for biomarkers. Pa-
tients whose cardiac biomarkers were not measured at the
time of admission, who were under the age of 18, who were
diagnosed with acute coronary syndrome or advanced renal
failure (GFR <30 mL/min), or who were undergoing di-
alysis were excluded from this study. Chest CT scans were
performed during hospital admission, and patients who did
not receive these were excluded from this study.

The RT-PCR test was performed with SARS-CoV-2
ribonucleic acid using the established RT-PCR method
approved by the Ministry of Health's General Director-
ate of Public Health (HSGM) Microbiology Laboratory.
Treatment guidelines prepared by the HSGM were ad-
hered to when treating patients. Using hospital medical
records, relevant data, including demographics, laborato-
ry and clinical information, medical treatment, and out-
come data were obtained for patients. The PAI-1 levels
measured during hospital admission were collected, and
patients were categorized according to the severity of the
disease and whether they survived.

In Turkiye, the vaccination process began in early
2021 using the CoronaVac vaccine. The Pfizer-BioN-
Tech vaccine became available later in 2021. No patients
had been vaccinated at the time of this study or displayed
symptoms of any recurrent disease. No patients were ful-
ly vaccinated against COVID-19 at the time of the fol-

low-up session for this study.
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When conducting this study, the 1975 Helsinki re-
port and subsequent revisions were taken into account.
Informed consent was obtained from patients, and the
study was approved by the Goztepe Training and Re-
search Hospital Ethics Committee and the Turkish

Ministry of Health. The ethical approval submission was
numbered 2020/0311 and dated May 18, 2020.

Definitions and Clinical Outcomes

Patient medical information was investigated in terms of
the severity and mortality of COVID-19. Patients with
any of the following criteria were defined as severe patients:
(1) oxygen saturation in resting <93%; (2) respiratory de-
ficiency (respiratory rate [RR] >30 breaths per min); (3)
ratio of partial oxygen arterial pressure to fractional in-
spired oxygen (PaO,/FiO,, <300 mmHg); and (4) critical
complications (respiratory collapse, mechanical ventila-
tion, multiple organ failure, or intensive care unit [ICU]
admission) [16]. Acute cardiac injury (ACI) was described
as high-sensitive cardiac troponin I (hs-TnI) serum levels
above the 99" percentile upper reference limit, indepen-
dent of abnormalities in the electrocardiogram [17]. Acute
respiratory distress syndrome (ARDS) was described
while taking into account the Berlin definition [18].

Acute kidney injury (AKI) was defined according
to the definition provided by kidney disease improving
global outcomes. The estimated glomerular filtration rate
for the diagnosis of chronic kidney disease was defined as
30-59/1.73 m*[19]. Acute hepatic injury (AHI) was de-
fined >200 U/L for AST and >300 U/L for ALT [20].
The clinical outcomes were determined as the length of
stay, disease severity, discharges, and death. These clinical
outcomes were then followed up on June 20, 2020.

CT as Evidence of Disease

A CT severity score (CT-SS), as put forward by Yang et
al. [21], was used to evaluate the severity of COVID-19
pneumonia. Establishing CT-SS required evaluating
ground glass views, crazy pavement patterns, and con-
solidations. Each of the 18 segments for both lungs was
redefined as 20 zones within the CT scans. All three lung
regions were evaluated for the chest CT scan using a sys-
tem that attributed scores of zero, one, or two depending
on a parenchymal opacification of 0%, <50%, or >50%,
respectively. Using this method, the CT-SS was calculat-
ed within a range of 0—40 [21]. A combination of clinical
assessments, chest CTs, and RT-PCRs was used to diag-
nose COVID-19 in this study [22].

PAI-1 Analysis

During admission, blood samples from all patients were
taken into serum tubes using the peripheral venous ap-
proach. All samples were centrifuged at 1.000-1500 g
for 15-20 min and stored at -80°C until analysis. Serum
PAI-1 levels were determined using the Enzyme-linked
Immunosorbent Assay Kit (Bioassay Technology Labora-
tory, Shanghai, China), according to the producer’s proto-
col. To obtain certain measurements, all samples were ana-
lyzed in duplicate by investigators blinded to clinical data.

Statistical Analyses

Statistical analysis was performed using the Statisti-
cal Package for the Social Sciences 21.0 ([SPSS] Inc.,
Chicago, IL, United States of America). The Kol-
mogorov—Smirnov test was also utilized to analyze data
normality. Continuous data were indicated as mean+SD
and categorical data as a percentage (%). The Chi-square
test was utilized to determine differences in categorical
variables. In addition, the analysis of variance test was
used to compare parametric variables in the primary anal-
ysis. The Kruskall-Wallis test was then utilized to make
comparisons among non-parametric variables. Relation-
ships between parameters were evaluated using Pearson’s
and Spearman’s analyses. Logistic regression analysis was
used to determine independent variables in relation to
mortality and disease severity. The results of logistic re-
gression analyses were introduced with 95% CI. Receiver
operating characteristic (ROC) curves were obtained to
determine optimal values with the highest overall speci-
ficity and sensitivity for mortality estimation. The signif-
icance level was accepted as p<0.05.

RESULTS

The clinical and demographic characteristics of the 71
patients hospitalized with COVID-19 and the 20 vol-
unteers used in this study are shown in Table 1. The
subjects were grouped accordingly as the control group
(n=20), the survivor group (n=47), and the non-sut-
vivor group (n=24). The mean age was 75.3+£13.8 in
the non-survivor group, which was higher than in the
survivor group (61.7£16.9) and in the control group
(59.5+11.2), (p=0.001). Of the 24 non-survivors, 13
(54%) were male, while 17 of 47 survivors (36%) were
male. There was no statistical differentiation between
the groups in terms of gender, systolic arterial pressure

(SAP), diastolic arterial pressure (DAP), RR, heart rate
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TABLE 1. Demographic and clinical characteristics of patients surviver and non-surviver group

Variables Total (n=91) Control (n=20) Survivor (n=47) Non-survivor (n=24) p
Clinical characteristics
Age (years) 64.8+£16.2 59.5+11.22 61.7+£16.9¢ 75.3+13.8% 0.001
Male, n (%) 43 (47) 13 (65) 17 (36) 13 (54) 0.071
BMI (kg/m?) 23.2+3.5 23.5+3.3 23.0+2.9 23.4+4.4 0.642
HR, beats/min 92.6+16.6 - 93.8+15.6 90.5+18.5 0.476
RR, times/min 24.2+5.0 - 24.34£5.6 23.9+3.0 0.793
SAP, mmHg 124.0+21.6 - 122.4+19.1 127.1+£25.9 0.429
DAP, mmHg 69.2+11.6 - 70.5+8.0 66.8+16.2 0.236
CT-SS 11 (6-17) - 8 (4-13)*e 17 (11-24)= <0.001
Chronic medical illness
HT (%) 46 30 46 58 0.170
DM (%) 17 10 29 29 0.205
HL (%) 3 5 2 4 0.805
CAD (%) 20 20 19 25 0.843
CVE (%) 6 5 2 16 0.062
COPD (%) 5 0 6 8 0.448
Malignite (%) 8 0 10 12 0.281
Laboratory findings
Hgb (g/dL) 14.0+1.4 14.8+1.2 12.2+1.9 11.742.2 0.627
Platelet (10%/pL) 219.3+68.3 238.2+64.1% 208.0+83.0% 167.1+£58.3= 0.006
WBC (103/pL) 8 (5-11) 8 (6-10)a 6 (5-9)e 10 (5-16)= 0.043
Creatinine (mg/dL) 0.9 (0.8-1.5) 0.8 (0.7-0.9)*® 0.8 (0.7-1.4)*e 1.5 (0.8-2.1)* 0.005
Sodium (mmol/L) 136.0+10.3 138.4+2.3 133.8+10.9 138.2+7.7 0.335
Potassium (mmol/L) 4.24£0.6 4.5+0.3 4.1£0.6 4.0+£0.7 0.056
Glucose (mg/dL) 126.1+44.8 103.4+32.9° 127.2+£32.9 141.9+63.2° 0.018
CRP (NR <5 mg/dL) 5(2-13) 3 (1-4)* 5 (3-11)*e 14 (6-29)= <0.001
hs-TnI (NR<14 pg/mL) 30 (12-77) 5 (4-7)* 36 (18-80)* 48 (27-107)% <0.001
d-dimer (NR<500 ng/mL) 859 (390-1798) 250 (132-467)*? 970 (631-1826)*e 1525 (659-3305) <0.001
PAI-1 (ng/mL) 6 (1-12) 1(0.8-2)*2 5(2-11)*e 14(11-20)= <0.001
S0, (%) 91.0+12.1 - 93.245.7 87.0+18.4 0.041
Fibrinogen (mg/dL) 484.7+172.3 - 522.1+155.4 414.8+185.7 0.056
PT (sn) 16.4+5.4 13.3+0.6* 15.6+4.9¢ 19.046.4% 0.008
APTT (sn) 37.3£20.6 28.2+1.2 40.2+5.5 35.1+£10.1 0.225
INR 1.2+0.4 0.9+0.0° 1.14+0.3¢ 1.4+0.5% 0.008
AST (IU/L) 27 (18-44) 19 (7-22)*2 27 (17-43)*e 38 (26-77) <0.001
ALT (IU/L) 24 (15-44) 21 (14-30) 28 (15-49) 27 (15-46) 0.358
Total protein (g/dL) 6.5+0.9 - 6.7+0.9 6.0+£0.7 0.007
Albumin (g/dL) 3.6x0.6 - 3.8+0.5 3.2+£0.5 <0.001
Treatments
Antiviral therapy (%) 49 - 44 58 0.276
Antibiotic therapy (%) 100 - 66 34 -
Anticoagulant (%) 81 - 76 91 0.120
Oxygen therapy (%) 57 - 40 91 <0.001
High-flow oxygen (%) 21 - 15 33 0.090
IMV (%) 22 - 2 62 <0.001
ICU admission (%) 38 - 17 79 <0.001
Hospital stay (days) 8 (4-13) - 7 (3-11) 14 (4-26) <0.001
Complications
Acute cardiac injury (%) 64 - 53 87 0.004
Acute kidney injury (%) 35 - 21 62 0.001
Acute hepatic injury (%) 24 - 14 41 0.012
Severe disease (%) 53 - 36 87 <0.001

*: P<0.05 Between control group and survivor group; a: P<0.05 between control group and non-survivor; e: P<0.05 between survivor group and non-survivor group;
ALT: Alanin aminotransferaz; AST: Aspartat aminotransferaz; APTT: Activated partial thromboplastin time; BMI: Body mass index; CAD: Coronary artery disease; COPD:
Chronic obstructive pulmonary disease; CRP: C-reactive protein; CT: Computed tomography; CVE: Cerebro vascular event; DAP: Diastolic arterial pressure; DM: Diabetes
mellitus; Hgb: Hemoglobin; HL: Hyperlipidemia; HR: Heart rate; hs-Tnl: High sensitive-Troponin I; HT: Hypertension; ICU: Intensive care unit; IMV: Invasive mechanical
ventilation; INR: International normalized ratio; NR: Normal range; PAI-1: Plasminogen activator inhibitor-1; PT: Prothrombin time; RR: Respiratory rate; SAP: Systolic

arterial pressure; sO,: Oxygen saturation; WBC: White blood cell.
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(HR), body mass index (BMI), hypertension (HT), di-
abetes mellitus (DM), hyperlipidemia (HL), coronary
artery disease, cerebrovascular event, chronic obstructive
pulmonary disease, or malignancy. In the non-survivor
group, CT-SS was measured as higher than in the survi-
vor group (p<0.001).

White blood cells, creatinine, glucose, hs-Tnl, C-re-
active protein (CRP), D-dimer, PAI-1, SO,, INR, PT,
and AST values showed statistically significant differ-
ences and were higher where platelet (PLT) levels were
lower in the non-survivor group. When in-hospital
complications were examined, ACI, AKI, AHI, and se-
vere disease were observed significantly more frequent-
ly in the non-survivor group than in the survivor group
(Table 1). In the non-survivor group, a greater amount
of oxygen therapy, more admissions to the ICU, and an
increased use of invasive mechanical ventilation (IMV)
were observed in addition to longer hospital admissions
compared to the survivor group, (p<0.001). Patients
were, then, divided into severe (n=33) and non-severe
(n=38) according to the severity of the disease (Table
2). There was no significant difference between the
groups in terms of age, gender, BMI, HR, SAP, DAP,
and chronic diseases. The CT-SS was measured as
higher in the severe group than in the non-severe group
(p<0.001). The laboratory tests indicated statistically
significant differences for hs-Tnl, CRP, D-dimer, PAI-
1, creatinine, and albumin values for both groups. In ad-
dition, more oxygen therapy and high flow, an increased
need for IMV, more ICU admissions, and longer hos-
pital admission durations were observed in the severe
group compared to the non-severe group (p<0.001).
Among in-hospital complications, ACI, AKI, and
death were seen significantly more often in the severe
group than in the non-severe group (Table 2).

The relationship between CT-SS and PAI-1 was evalu-
ated using the Spearman correlation analysis, and a strong

positive correlation was found (r: 0.838, p<0.001) (Fig. 1).

The parameters used to predict the development of
mortality were evaluated using logistic regression analy-
ses. First, the parameters of age, CRP, hs-Tnl, D-dimer,
PAI-1, AKI, and disease severity were evaluated using
a univariate analysis. The parameters of age, PAI-1, and
disease severity were found to independently predict

mortality (Table 3).

The specificity and sensitivity of PAI-1 values were
evaluated using ROC analysis to predict patient mortal-
ity. In the figure, the blue mark shows the PAI-1 value,

CT score

PAI

FIGURE 1. Spearman correlation analysis of CT-SS and PAI-1
levels.
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FIGURE 2. Predictive ability of serum PAI-1 levels for mortality.

and the area under the curve was measured at 0.860. In
addition, the PAI-1 value predicted the development of
mortality with a sensitivity of 83%, a specificity of 83%,
and a cutoff value of 10.2 (Fig. 2).

The parameters used to predict COVID-19 severity
were also evaluated using regression analysis. The param-
eters of age, gender, HT, DM, CRP, hs-Tnl, D-dimer,
and PAI-1 were evaluated using a univariate analysis.
The parameters hs-Tnl and PAI-1 were found to inde-
pendently predict disease severity (Table 4).
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TABLE 2. Demographic and clinical characteristics of patients non-severe and severe group

Variables Non-severe (n=33) Severe (n=38) p
Clinical characteristics
Age (years) 63.4+18.1 68.7+16.0 0.195
Male, n (%) 12 (36) 18 (47) 0.349
BMI (kg/m?) 23.242.5 23.3+4.1 0.722
HR, beats/min 93.7+18.7 91.8+14.9 0.661
RR, times/min 23.5+4.5 25.04£5.4 0.270
SAP, mmHg 121.0+19.7 126.3+23.0 0.351
DAP, mmHg 70.1+8.4 68.5+13.6 0.618
CT-SS 7 (4-12) 13 (10-18) <0.001
Chronic medical illness
HT (%) 42 58 0.193
DM (%) 24 34 0.359
HL (%) 3 2 0.919
CAD (%) 27 15 0.237
CVE (%) 6 8 0.763
COPD (%) 6 8 0.763
Malignite (%) 15 8 0.335
Laboratory findings
Hgb (g/dL) 12.2+1.8 11.942.2 0.507
Platelet (10%/pL) 202.5+90.1 186.8+65.5 0.403
WBC (103/pL) 7 (5-10) 9 (4-13) 0.604
Creatinine (mg/dL) 0.8 (0.7-1.3) 1.2 (0.8-2.0) 0.047
Sodium (mmol/L) 133.2+22.6 137.145.1 0.309
Potassium (mmol/L) 4.0£0.6 4.1£0.6 0.527
Glucose (mg/dL) 125.9+35.8 137.9452.9 0.283
CRP (NR <5 mg/dL) 4 (2-13) 11 (4-27) 0.005
hs-TnI (NR<14 pg/mL) 28 (17-43) 81 (34-112) <0.001
d-dimer (NR<500 ng/mL) 826 (450-1650) 1555 (874-2167) 0.029
PAI-1 (ng/mL) 5(1-10) 11 (8-16) <0.001
s0, (%) 92.4+46.2 89.4+15.3 0.246
Fibrinogen (mg/dL) 510 (357-686) 480 (386-617) 0.572
PT (sn) 15.9+5.4 17.5+5.8 0.227
APTT(sn) 30 (28-34) 32 (28-40) 0.416
INR 1.2+0.4 1.3+0.4 0.325
AST (IU/L) 28 (17-49) 35 (24-47) 0.201
ALT (IU/L) 26 (15-49) 28 (15-48) 0.899
Total protein (g/dL) 6.5 (4.7-7.2) 6.0 (4.5-6.8) 0.083
Albumin (g/dL) 3.8 (2.6-4.1) 2.9 (3.2-3.7) 0.008
Treatments
Antiviral therapy (%) 33 63 0.012
Antibiotic therapy (%) 46 54 -
Anticoagulant (%) 72 89 0.069
Oxygen therapy (%) 36 76 0.001
High-flow oxygen (%) 0 40 <0.001
IMV (%) 0 42 <0.001
ICU admission (%) 6 65 <0.001
Hospital stay (days) 4 (2-8) 12 (6-23) <0.001
Complications
Acute cardiac injury (%) 36 89 <0.001
Acute kidney injury (%) 15 52 0.001
Acute hepatic injury (%) 18 29 0.289
Death (%) 9 55 <0.001

*: P<0.05 Between control group and non-severe group; a: P<0.05 between control group and severe; e: P<0.05 between non-severe group and severe group; IQR
(25-75%); ALT: Alanin aminotransferaz; AST: Aspartat aminotransferaz; APTT: Activated partial thromboplastin time; BMI: Body mass index; CAD: Coronary artery
disease; COPD: Chronic obstructive pulmonary disease; CRP: C-reactive protein; CT: Computed tomography; CVE: Cerebro vascular event; DAP: Diastolic arterial pres-
sure; DM: Diabetes mellitus; Hgb: Haemoglobin; HL: Hyperlipidemia; HR: Heart rate; hs-TnI: High sensitive-troponin I; HT: Hypertension; ICU: Intensive care unit; IMV:
Invasive mechanical ventilation; INR: International normalized ratio; NR: Normal range; PAI-1: Plasminogen activator inhibitor-1; PT: Prothrombin time; RR: Respiratory
rate; SAP: Systolic arterial pressure; sO,: Oxygen saturation; WBC: White blood cell.
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TABLE 3. Univariate and multivariate logistics regression analysis on predicting mortality in patients with COVID-19

Variable Univariate Multivariate
OR 95% CI p OR 95% CI p

Age 1.058 1.020-1.098 0.003 1.130 1.045-1.221 0.002
CRP 1.310 1.105-1.712 0.005 1.120 0.910-1.321 0.316
Hs-TnI 1.002 1.001-1.003 0.028 0.999 0.997-1.001 0.126
d-dimer 1.215 1.100-1.341 <0.001 1.089 0.902-1441 0.431
PAI-1 1.340 1.165-1.541 <0.001 1.481 1.162-1.887 0.001
AKI 2.154 1.456-5.012 <0.001 1.231 0.872-2.013 0.531
Severe disease 7.353 3.208-11.561 <0.001 4,111 1.348-7.862 0.014

OR: Odd ratios; CI: Confidence interval; AKI: Acute kidney injury; Hs-Tnl: High sensitive troponin I; CRP: C-reactive protein; PAI-1: Plasminogen activator inhibitor-1;

AKI: Acute kidney injury.

TABLE 4. Univariate and multivariate logistics regression analysis on predicting disease severity of COVID-19

Variable Univariate Multivariate
OR 95% CI p OR 95% CI p

Age 1.019 0.991-1.048 0.194

Gender 1.575 0.607-4.085 0.350

HT 0.536 0.208-1.377 0.195

DM 1.625 0.574-4.601 0.361

CRP 1.078 1.007-1.154 0.003 1.028 0.966-1.094 0.386
Hs-Tnl 1.036 1.014-1.059 0.001 1.040 1.015-1.066 0.002
d-dimer 1.315 1.121-1.691 <0.001 1.003 0.962-1046 0.884
PAI-1 1.186 1.077-1.306 0.001 1.217 1.082-1.369 0.001

OR: Odd ratios; CI: Confidence interval; CRP: C-reactive protein; DM: Diabetes mellitus; hs-TnI: High sensitive troponin I; HT: Hypertension, PAI-1: Plasminogen activa-

tor inhibitor-1.

DISCUSSION

This study examined the relationship between PAI-1 lev-
els, disease severity, and mortality in patients hospitalized
with COVID-19. This study found that the PAI-1 lev-
els of patients hospitalized with COVID-19 were higher
than in the control group. In addition, the PAI-1 levels
were higher in the non-survivor group than in the survivor
group and higher in the severe group compared to the
non-severe group. A strong positive correlation between
CT-SS and PAI-1 was also observed. Multivariate analy-
sis revealed that PAI-1 levels predicted both mortality and
disease severity for COVID-19. In addition, PAI-1 levels

predicted the development of mortality with a sensitivity
of 83%, a specificity of 83%, and a cut-off value of 10.2.

A homeostatic balance exists between coagulation and
fibrinolysis. Excessive fibrinolysis can cause abnormal
bleeding, whereas a deficiency in fibrinolysis can cause
diffuse intravascular coagulopathy and thrombosis [23].
The fibrinolytic system is complicated by COVID-19
due to various determinantal effects. The pathophysi-
ology of coagulopathy in COVID-19 is thought to oc-
cur due to platelet aggregation, inflammation, and mi-
crothrombosis, as well as fibrinolysis impairment [24].
Serpin PAI-1 plays a crucial role across multiple disease
processes within the lungs [25]. Impaired fibrinolysis
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during ARDS causes fibrin deposition [26]. Suppressed
fibrinolysis in ARDS is thought to be caused by the in-
creased circulation of PAI-1 levels [27].

As reported in similar studies, high D-dimer con-
centrations indicate disease severity and mortality in
COVID-19 [7]. Similarly, increased troponin levels
during hospital admission have been shown to detect poor
clinical outcomes and high mortality rates for COVID-19
patients [6]. The findings of this study suggest that tropo-

nin levels also predict disease severity independently.

In a study that compared 118 hospitalized COVID-19
patients and 30 healthy subjects, the PAI-1levels were high-
er in patients with COVID-19 and associated with worse
outcomes in terms of respiratory endpoints [28]. In another
study that compared 63 hospitalized COVID-19 patients
and 43 healthy individuals, the PAI-1 levels were higher in
patients that had been admitted to the ICU. In addition, pa-
tients diagnosed with AKI have been shown to have higher
PAI-1 levels at admission [29]. A different study compared
113 patients with COVID-19 and 24 patients with non-
COVID-19 respiratory tract infections. In this study, PAI-
1 levels were reported to be higher in COVID-19 patients
[9]. One further study observed elevated PAI-1 levels in 55
patients with severe COVID-19. These increased API-1
levels were associated with severe hypoxemia, respiratory
deficiency, and thromboembolism [30]. The findings of this
present study suggest that PAI-1 levels can independently

predict mortality and disease severity.

The biomarkers identified for endothelial damage due
to COVID-19 are clearly related to the disease severity
and exhibit a different pattern from other septic and severe
inflammatory syndromes [31]. The SARS-CoV-2 virus
connects to ACE-2 to gain entry into the cell. The sub-
sequent activation of the renin-anjiotensin-aldosterone
system pathway stimulates endothelial cell dysfunction
by stimulating the production of reactive oxygen species
(ROS) and excreting proinflammatory cytokines, includ-
ing TNF-a, IL-1, and IL-6. This then activates a coagula-
tion cascade which results in an increase in disease severity
and the escalation of thrombotic events [32]. As a known
fibrinolysis inhibitor, PAI-1 levels have been shown to in-
crease the risk of atherothrombotic events [11, 33]. The
main source of elevated PAI-1 levels in COVID-19 pa-
tients is thought to be endothelium. However, this could
also be due to the release of PAI-1 from activated platelets.
Various proinflammatory mediators, including IL-6 and
TNF alpha, which are known components of cytokine
storm syndrome in COVID-19, also cause PAI-1 to be
produced by extravascular tissues 33, 34].

Limitations

This study contained several key limitations. First, the
study was single-centered, and the sample number was
small. In addition, the PAI-1 levels were evaluated during
patient hospitalization, and repeated PAI-1 disease pro-
gression measurements were not performed. Further-
more, imaging methods such as echocardiography and
ultrasonography could not be applied due to the risk of
transmission, and thrombosis was not detected due to
difficulties in diagnosing thrombotic events such as mi-
crothrombosis.

Conclusion

The data from this study show that increased PAI-1
levels may be a biomarker related to poor clinical out-
comes for COVID-19. As the prothrombotic risk of
COVID-19 is known, early detection for patients with
high prothrombotic risk, which can then lead to eatly
initiations of prophylactic anticoagulation therapy, is ex-
tremely important. Further studies on PAI-1 levels are

required as the spread of COVID-19 progresses.

Ethics Committee Approval: The Istanbul Medeniyet Universi-
ty Goztepe Training and Research Hospital Clinical Research Ethics
Committee granted approval for this study (date: 18.05.2020, hum-
ber: 2020/0311).

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

Authorship Contributions: Concept — OFB, HAB, FB, AA, HE, RK,
MC, BA, GA, MBC, HV, MCalis; Design — OFB, HAB, FB, AA, HE, RK,
MC, BA, GA, MBC, HV, MCalis; Supervision — OFB, HAB, FB, AA, HE,
RK, MCalis; Fundings — OFB, HAB, FB, AA, HE, RK, MC, BA, MBC,
HV, MCalis; Materials — OFB, HAB, AA, HE, RK, MC, GA, MCalis; Data
collection and/or processing — OFB, HAB, FB, AA, HE, RK; Analysis
and/or interpretation — OFB, HAB, FB, HE, MBC; Literature review —
OFB, HAB, FB, AA, HE; Writing — OFB, HAB, FB, HE, MCalis; Critical
review — OFB, HAB, FB, MCalis.

REFERENCES

1. LiQ, Guan X, Wu P, Wang X, Zhou L, Tong Y, et al. Early transmis-
sion dynamics in Wuhan, China, of novel coronavirus-infected pneu-
monia. N Engl ] Med 2020;382:1199—207. [CrossRef]

2. ZhengYY,Ma YT, ZhangJY, Xie X. COVID-19 and the cardiovascu-
lar system. Nat Rev Cardiol 2020;17:259-60. [CrossRef]

3. Gavriatopoulou M, Korompoki E, Fotiou D, Ntanasis-Stathopoulos
I, Psaltopoulou T, Kastritis E, et al. Organ-specific manifestations of
COVID-19 infection. Clin Exp Med 2020;20:493-506. [CrossRef]

4. Shaha KB, Manandhar DN, Cho JR, Adhikari A, K C MB. COVID-19
and the heart: what we have learnt so far. Postgrad Med ] 2021;97:655—66.


https://doi.org/10.1056/NEJMoa2001316
https://doi.org/10.1038/s41569-020-0360-5
https://doi.org/10.1007/s10238-020-00648-x

Baycan et al., Plasminojen activator inhibitor-1 and severity of COVID-19 9

10.

11.

12.

13.

14.

15.

16.

17.

18.

Matsushita K, Marchandot B, Jesel L, Ohlmann P, Morel O. Impact
of COVID-19 on the cardiovascular system: a review. ] Clin Med
2020;9:1407. [CrossRef]

Barman HA, Atici A, Sahin I, Alici G, Aktas Tekin E, Baycan OF etal.
Prognostic significance of cardiac injury in COVID-19 patients with
and without coronary artery disease. Coron Artery Dis 2021;32:359—
66. [CrossRef]

Gungor B, Atici A, Baycan OF Alici G, Ozturk E Tugrul S, et al. El-
evated D-dimer levels on admission are associated with severity and
increased risk of mortality in COVID-19: a systematic review and me-
ta-analysis. Am ] Emerg Med 2021;39:173-9. [CrossRef]

Rarani FZ, Rashidi B, Jafari Najaf Abadi MH, Hamblin MR, Reza
Hashemian SM, Mirzaei H. Cytokines and microRNAs in SARS-
CoV-2: what do we know? Mol Ther Nucleic Acids 2022;29:219-42.
Whyte CS, Simpson M, Morrow GB, Wallace CA, Mentzer AJ, Knight
JC, et al. The suboptimal fibrinolytic response in COVID-19 is dictated
by high PAI-1.] Thromb Haemost 2022;20:2394—406. [CrossRef]
Francischetti IMB, Toomer K, ZhangY, Jani ], Siddiqui Z, Brotman DJ,
et al. Upregulation of pulmonary tissue factor, loss of thrombomodulin
and immunothrombosis in SARS-CoV-2 infection. EClinicalMedicine
2021;39:101069. [CrossRef]

Cesari M, Pahor M, Incalzi RA. Plasminogen activator inhibitor-1
(PAI-1): a key factor linking fibrinolysis and age-related subclinical and
clinical conditions. Cardiovasc Ther 2010;28:e72—91. [CrossRef]

Akhter MS, Biswas A, Ranjan R, Meena A, Yadav BK, Sharma A, et
al. Plasminogen activator inhibitor-1 (PAI-1) gene 4G/5G promoter
polymorphism is seen in higher frequency in the Indian patients with
deep vein thrombosis. Clin Appl Thromb Hemost 2010;16:184-8.
Liao X, Wang Y, Pan Y, Wang C, Zhao X, Wang DZ, et al; Thrombol-
ysis Implementation and Monitor of Acute Ischemic Stroke in China
Investigators. Standard-dose intravenous tissue-type plasminogen acti-
vator for stroke is better than low doses. Stroke 2014;45:2354—8.
Hadid T, Kafri Z, Al-Katib A. Coagulation and anticoagulation in
COVID-19. Blood Rev 2021;47:100761. [CrossRef]

Ali MAM, Spinler SA. COVID-19 and thrombosis: from bench to
bedside. Trends Cardiovasc Med 2021;31:143—60. [CrossRef]

Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesman J, Bruce H,
et al; Washington State 2019-nCoV Case Investigation Team. First
case of 2019 novel coronavirus in the United States. N Engl ] Med
2020;382:929-36. [CrossRef]

Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA,
et al; Executive Group on behalf of the Joint European Society of Car-
diology (ESC)/American College of Cardiology (ACC)/American
Heart Association (AHA)/World Heart Federation (WHF) Task
Force for the Universal Definition of Myocardial Infarction. Fourth
universal definition of myocardial infarction (2018). ] Am Coll Cardiol
2018;72:2231-64. [CrossRef]

Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Caldwell
E, Fan E, et al; ARDS Definition Task Force. Acute respiratory distress
syndrome: the Berlin Definition. JAMA 2012;307:2526—33. [CrossRef]

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kellum JA, Lameire N, Aspelin P, Barsoum RS, Burdmann EA, Gold-
stein SL, et al. Kidney disease: improving global outcomes (KDIGO)
acute kidney injury work group. KDIGO clinical practice guideline for
acute kidney injury. Kidney Int Suppl 2012;2:1-138.

Dufour DR, Lott JA, Nolte FS, Gretch DR, Koff RS, Seeff LB. Diag-
nosis and monitoring of hepatic injury. II. Recommendations for use
of laboratory tests in screening, diagnosis, and monitoring. Clin Chem
2000;46:2050—68. [CrossRef]

Yang R, Li X, Liu H, Zhen Y, Zhang X, Xiong Q, et al. Chest CT
severity score: an imaging tool for assessing severe COVID-19. Radiol
Cardiothorac Imaging 2020;2:e200047. [CrossRef]

Wang Y, Hou H, Wang W, Wang W. Combination of CT and RT-
PCR in the screening or diagnosis of COVID-19. ] Glob Health
2020;10:010347. [CrossRef]

Chapin JC, Hajjar KA. Fibrinolysis and the control of blood coagula-
tion. Blood Rev 2015;29:17-24. [CrossRef]

Iba T, Levy JH, Connors JM, Warkentin TE, Thachil ], Levi M.
The unique characteristics of COVID-19 coagulopathy. Crit Care
2020;24:360. [CrossRef]

Sisson TH, Simon RH. The plasminogen activation system in lung dis-
ease. Curr Drug Targets 2007;8:1016—29. [CrossRef]

Medcalf RL, Keragala CB, Myles PS. Fibrinolysis and COVID-19: a
plasmin paradox. ] Thromb Haemost 2020;18:2118-22. [CrossRef]
Whyte CS, Morrow GB, Mitchell JL, Chowdary P, Mutch NJ. Fibri-
nolytic abnormalities in acute respiratory distress syndrome (ARDS)
and versatility of thrombolytic drugs to treat COVID-19. ] Thromb
Haemost 2020;18:1548—55. [CrossRef]

Zuo Y, Warnock M, Harbaugh A, Yalavarthi S, Gockman K, Zuo
M, et al. Plasma tissue plasminogen activator and plasminogen ac-
tivator inhibitor-1 in hospitalized COVID-19 patients. Sci Rep
2021;11:1580. [CrossRef]

Cabrera-Garcia D, Miltiades A, Yim P, Parsons S, Elisman K, Man-
souri MT, et al. Plasma biomarkers associated with survival and
thrombosis in hospitalized COVID-19 patients. Int J Hematol
2022,1163937—46. [CrossRef]

Corey KM, Olson LB, Naqvi IA, Morrison SA, Davis C, Nimjee SM,
et al. Suppression of fibrinolysis and hypercoagulability, severity of hy-
poxemia, and mortality in COVID-19 patients: a retrospective cohort
study. Anesthesiology 2022;137:67—78. [CrossRef]

Fernindez S, Moreno-Castano AB, Palomo M, Martinez-Sanchez
J, Torramadé-Moix S, Téllez A, et al. Distinctive biomarker features
in the endotheliopathy of COVID-19 and septic syndromes. Shock
2022;57:95-105. [CrossRef]

Daher J. Endothelial dysfunction and COVID-19 (Review). Biomed
Rep 2021,15:102. [CrossRef]

Vaughan DE. PAI-1 and atherothrombosis. ] Thromb Haemost
2005;3:1879-83. [CrossRef]

Del Valle DM, Kim-Schulze S, Huang HH, Beckmann ND, Nire-
nberg S, Wang B, et al. An inflammatory cytokine signature predicts
COVID-19 severity and survival. Nat Med 2020;26:1636-43.


https://doi.org/10.3390/jcm9051407
https://doi.org/10.1097/MCA.0000000000000914
https://doi.org/10.1016/j.ajem.2020.09.018
https://doi.org/10.1016/j.omtn.2022.06.017
https://doi.org/10.1111/jth.15806
https://doi.org/10.1016/j.eclinm.2021.101069
https://doi.org/10.1111/j.1755-5922.2010.00171.x
https://doi.org/10.1177/1076029609333673
https://doi.org/10.1161/STROKEAHA.114.005989
https://doi.org/10.1016/j.blre.2020.100761
https://doi.org/10.1016/j.tcm.2020.12.004
https://doi.org/10.1056/NEJMoa2001191
https://doi.org/10.1016/j.jacc.2018.08.1038
https://doi.org/10.1001/jama.2012.5669
https://doi.org/10.1093/clinchem/46.12.2050
https://doi.org/10.1148/ryct.2020200047
https://doi.org/10.7189/jogh.10.010347
https://doi.org/10.1016/j.blre.2014.09.003
https://doi.org/10.1186/s13054-020-03077-0
https://doi.org/10.2174/138945007781662319
https://doi.org/10.1111/jth.14960
https://doi.org/10.1111/jth.14872
https://doi.org/10.1038/s41598-020-80010-z
https://doi.org/10.1007/s12185-022-03437-2
https://doi.org/10.1097/ALN.0000000000004239
https://doi.org/10.1097/SHK.0000000000001823
https://doi.org/10.3892/br.2021.1478
https://doi.org/10.1111/j.1538-7836.2005.01420.x
https://doi.org/10.1038/s41591-020-1051-9



