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Abstract Öz 
Purpose: Several studies show that the symptoms of 
severe COVID-19 infection reflect the clinical phenotype 
of endothelial dysfunction and share common 
pathophysiological mechanisms with endothelial 
dysfunction. Therefore, the aim of the study was to 
investigate the effect of serum adropin levels on 
endothelial dysfunction biomarkers and determine 
whether adropin could be a new biomarker for COVID-
19. 
Materials and Methods: The study included 40 patients 
with mild/moderate COVID-19, 48 patients with 
severe/critical COVID-19, and 37 controls. Serum 
adropin and circulating biomarkers of endothelial 
dysfunction including asymmetric dimethylarginine 
(ADMA), endothelin-1 (ET-1), endothelial nitric oxide 
synthase (eNOS), soluble intercellular adhesion molecule-
1 (sICAM-1) and plasminogen activator inhibitor-1 (PAI-
1) levels were determined by micro-ELISA. 
Results: Serum adropin levels were found to be 
significantly higher in COVID-19 patients (165.2±11.49 
pg/ml) than in controls (85.46±12.08 pg/ml). Serum 
adropin levels of patients with severe/critical symptoms 
(194±16.23 pg/ml) were significantly higher than the 
patients with mild/moderate symptoms (130.6 ±14.53). In 
addition, serum ADMA, eNOS, and, ET-1 levels were 
significantly higher in the COVID-19 subjects (150.5±8.67 
ng/ml, 172.4±14.01 pg/ml, 159.3±10.19 pg/ml, 
respectively) than that those in the controls (104.5±9.182 
ng/ml, 141.4±17.74 pg/ml, 100.1±11.37 pg/ml, 
respectively). Significant positive correlations were found 
between adropin and ADMA, eNOS, ET-1, sICAM-1, and 
PAI-1 levels in the patients. 

Amaç: Çalışmalar, şiddetli COVID-19 enfeksiyonu 
semptomlarının endotel disfonksiyonunun klinik 
fenotipini yansıttığını ve endotel disfonksiyonuyla ortak 
patofizyolojik mekanizmalar paylaştığını göstermektedir. 
Bu nedenle çalışmamızda, serum adropin düzeylerinin 
endotelyal disfonksiyon biyobelirteçleri üzerindeki etkisini 
ve adropinin COVID-19 için yeni bir biyobelirteç olup 
olamayacağını araştırmayı amaçladık. 
Gereç ve Yöntem: Çalışmaya 40 hafif/orta semptomlu, 
48 ağır/kritik semptomlu COVID-19 hastası ve 37 kontrol 
dahil edilmiştir. Serum adropin ve asimetrik dimetilarginin 
(ADMA), endotelin-1 (ET-1), endotelyal nitrik oksit sentaz 
(eNOS), çözünür hücrelerarası adezyon molekülü-1 
(sICAM-1) ve plazminojen aktivatör inhibitörü-1 (PAI-1) 
gibi endotelyal disfonksiyon biyobelirteçlerinin serum 
seviyeleri mikro-ELISA yöntemiyle belirlendi. 
Bulgular: COVID-19 hastalarında serum adropin 
düzeyleri (165.2±11.49 pg/ml), kontrol grubuna 
(85.46±12.08 pg/ml) göre anlamlı derecede yüksek 
bulundu. Şiddetli/kritik semptomları olan hastaların serum 
adropin düzeyleri (194±16.23 pg/ml), hafif/orta 
semptomları olan hastalardan (130.6 ±14.53) anlamlı 
derecede yüksekti. Ayrıca, COVID-19 olgularında serum 
ADMA, eNOS ve ET-1 düzeyleri (sırasıyla; 150.5±8.67 
ng/ml, 172.4±14.01 pg/ml, 159.3±10.19 pg/ml) 
kontrollere göre (sırasıyla; 104.5±9.182 ng/ml, 
141.4±17.74 pg/ml, 100.1±11.37 pg/ml) anlamlı derecede 
yüksek bulundu. Hastalarda, adropin ile ADMA, eNOS, 
ET-1, sICAM-1 ve PAI-1 düzeyleri arasında anlamlı pozitif 
korelasyonlar saptandı. 
Sonuç: Bulgularımız, adropinin COVID-19 için yeni bir 
potansiyel biyobelirteç ve endotel hücre hasarının 
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Conclusion: We suggest that adropin may be a new 
potential biomarker for COVID-19 and an important 
molecule in restoring endothelial cell damage. Positive 
correlations between serum adropin levels and ADMA, 
eNOS, ET-1, sICAM-1 and PAI-1 levels in patients 
suggest that adropin may compensate for damage to 
endothelial cells. 

onarımında önemli bir molekül olabileceğini 
göstermektedir. Hastalarda serum adropin düzeyleri ile 
ADMA, eNOS, ET-1, sICAM-1 ve PAI-1 seviyeleri 
arasındaki pozitif korelasyonlar, adropinin endotel 
hücrelerindeki hasarı telafi edebileceğini 
düşündürmektedir. 
 

Keywords:. COVID-19, adropin, endothelial dysfunction, 
biomarkers 
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INTRODUCTION 

Adropin is a hormone encoded by the ENHO 
(energy homeostasis-associated) gene. This protein 
consists of 74 amino acids including a signal peptide 
sequence of 33 amino acids and a bioactive sequence 
of 41 amino acids. The adropin is primarily expressed 
in the liver, kidney, brain, pancreas, heart, coronary 
artery, and umbilical cord1. The studies on the 
association between adropin and cardiometabolic 
disorders have largely focused on the regulation and 
protection of endothelial cell functions. It was 
reported that the adropin might have potential 
protective effects on endothelial function and that 
the decreased adropin levels were related with 
endothelial dysfunction 2,3. The low adropin level in 
cardiometabolic disorders is a risk factor for 
endothelial function. There are several reports 
indicating that the impairment of endothelial 
function could have a significant involvement in the 
onset and progression of cardiometabolic disorders4-

6. 

Functional endothelial cells express factors that 
inhibit platelet aggregation and coagulation, increase 
blood flow, and promote fibrinolysis by stimulating 
vascular relaxation, while nonfunctional endothelial 
cells lead to vasoconstriction and thrombus 
formation7. 

Recent studies suggest that the symptoms and signs 
of COVID-19 resemble the clinical phenotype of 
endothelial dysfunction and share common 
pathophysiological mechanisms8. It has been 
proposed that endothelial dysfunction is the major 
pathophysiological process in various viral 
infections9,10. Information from previous coronavirus 
pandemics has triggered studies investigating the role 
of endothelial dysfunction in COVID-19 subjects. 
Recent studies indicated that endothelial dysfunction 
might contribute to severe pulmonary outcomes of 
COVID-19. Based on these studies, it is possible to 
say that endothelial dysfunction seems to be a 

common ground for many clinical aspects of severe 
COVID-19. Thus, in our study, it was aimed to 
investigate associations between serum adropin levels 
and biomarkers of endothelial dysfunction such as 
ADMA, eNOS, ET-1, sICAM-1 and PAI-1 levels, 
which have been extensively studied in COVID-19 in 
the literature and to evaluate whether the adropin 
could be a new biomarker for COVID-19.  

MATERIALS AND METHODS 

Subjects 
This study was conducted at Alanya Alaaddin 
Keykubat University Faculty of Medicine between 
April 2021 and February 2022. The study included 88 
patients with COVID-19 (42 female, 46 male; mean 
age ± SEM, 55.32±1.75 years) who presented to the 
Infectious Diseases and Clinical Microbiology Clinic 
of Alanya Education and Research Hospital. The 
inclusion and exclusion criteria for the patient group 
were implemented as follows: Adult patients (≥ 18 
years) with confirmed COVID-19 diagnosis by RT-
PCR test results for SARS-CoV-2. The patients with 
a clinical diagnosis of COVID-19 but negative RT-
PCR test results were excluded from the study. The 
patients were classified into two groups based on the 
National Institutes of Health (NIH) criteria11: the 
patients with mild/moderate symptoms (40 patients) 
and those with severe/critical (48 patients) 
symptoms. In this case-control study, 37 healthy 
individuals (18 females, 19 males; mean age ± SEM, 
54.84±1.33 years) were employed as controls. The 
inclusion criteria for the control group was the 
collection of serum samples from healthy individuals 
during the pre-pandemic period. The serum samples 
obtained during pandemic were excluded from the 
study. It is well-known that some individuals infected 
with SARS-CoV-2 may be asymptomatic and 
recruitment of such individuals could affect the 
results. For this reason, we used serum samples 
obtained in the pre-pandemic period to ensure that 
the individuals in the healthy control group were not 

 568 



Volume 48  Year 2023       Serum adropin levels in COVID-19  
 

infected with the virus. Power analysis performed 
indicated that a sample size of 30 individuals per 
control and patient group were required with a 80% 
power, a 5% margin of error, and an effect size of 
0.25. Ethical approval was obtained from the Clinical 
Research Ethics Committee of Alanya Alaaddin 
Keykubat University (01.03.2021/05-03) and 
informed consent was taken from the study 
participants. 

Procedure 
In all subjects, a blood sample of 5 mL was drawn 
into serum-separating tubes were left to clot at room 
temperature, which was centrifuged at 1500 g for 10 
minutes in a refrigerated centrifuge thereafter. After 
centrifugation, serum samples were divided into 
aliquots of 1 ml and transferred to Eppendorf tubes. 
The serum samples were stored at -80 °C until assays. 
Serum samples were taken from the deep freezer on 
the working day and thawed at room temperature. 

Serum adropin, ADMA, eNOS, ET-1, sICAM-1, and 
PAI-1 levels were measured using commercial micro-
ELISA kits (SinoGeneClon Biotech Co, Ltd., China). 
The sandwich ELISA method was applied briefly as 
follows: Fifty μL of standards and diluted serum 
samples were placed in the wells of the ELISA plate 
and incubated at 37 °C for 30 minutes. After washing, 
50 μL of HRP-conjugate reagent was added into all 
wells except blank well, and incubated at 37 °C for 30 
minutes. Then, the ELISA plate was washed and 50 
μL of chromogen A and B solutions were added to 
all wells. The ELISA plate was incubated at 37 °C for 
15 minutes. After incubation, the reaction was 
stopped by adding 50 μL of stop solution to all wells. 
Within 15 minutes after the reaction was stopped, the 
absorbance was read at 450 nm on the ELISA plate 
reader. The concentration was calculated using the 
graph obtained according to the optical density values 
read against the concentrations of the standards. 

Statistical analysis 
All statistical analyses were performed using 
GraphPad Prism (v.6.0) software. The normal 
distribution of the data were tested using the 

Kolmogorov-Smirnov test. All statistical estimations 
were performed with the confidence interval (CI) of 
95%. Mann-Whitney U test was used to compare 
continuous variables between two groups while 
Spearman's rank correlation analysis was used to 
determine correlations between the groups. The 
Kruskal-Wallis test was used to compare continuous 
variables in more than two groups. Receiver 
operating characteristic (ROC) curve analysis was 
used to determine the diagnostic value of serum 
biomarker expression in the study groups. A p value 
<0.05 was considered as statistically significant.  

RESULTS 

Serum Adropin, ADMA, eNOS, ET-1, sICAM-1, 
and PAI-1 levels are shown in Table 1. Serum 
adropin levels were found to be higher in the patient 
group compared to controls (P<0.0001). Serum 
adropin levels of patients with severe/critical 
symptoms were significantly higher and statistically 
significant than that of patients with mild/moderate 
symptoms (P= 0.0175). Although serum ADMA, 
eNOS, and ET-1 levels were significantly higher in all 
patients with COVID-19 compared to controls 
(P=0.0003, P=0.0137, P=0.0001, respectively), there 
was no statistically significant difference between 
patients with mild/moderate and severe/critical 
symptoms (P>0.05, for all). Serum sICAM-1 and 
PAI-1 levels were found to be similar in all study 
groups (P>0.05, for all). In the correlation analyses 
(Table 2), positive correlations were found between 
adropin levels and ADMA, eNOS, ET-1, sICAM-1, 
and PAI-1 in the COVID-19 group (P<0.05 for all). 
Table 3 and Figure 1A, 1B and 1C show the ROC 
curve analysis results of serum adropin, ADMA, and 
ET-1 for all subjects including patients and controls 
while Figure 2 shows ROC curve analysis results of 
adropin for patients with severe/critical and 
mild/moderate symptoms. When COVID-19 
patients were classified into two groups as those with 
and without at least one chronic disease such as 
diabetes or hypertension, no statistical difference was 
found between the groups for all serum parameters 
studied (P >0.05, for all). 
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Table 1. Serum Adropin, ADMA, eNOS, ET-1, sICAM-1 and PAI-1 levels in COVID-19 patients and controls 
 Control group 

(n=37) 
All patients 

with 
COVID-19 

(n=88) 

Mild/ 
Moderate 

(n=40) 

Severe 
(n=48) 

 
Overall 

Control vs 
All patients 

with 
COVID-19 

Severe vs 
Mild/moderate 

Adropin 
(pg/ml) 

85.46±12.08 165.2±11.49 130.6 ±14.53 194±16.23 <0.0001 <0.0001 0.0175 

ADMA 
(ng/ml) 

104.5±9.182 150.5±8.67 165.8±16.67 137.5±7.44 0.0002 0.0003 >0.9999 

eNOS 
(pg/ml) 

141.4±17.74 172.4±14.01 175.1±26.21 170.1±13.8
2 

0.0106 0.0137 >0.9999 

ET-1 
(pg/ml) 

100.1±11.37 159.3±10.19 158.7±18.59 159.8±10.6
4 

0.0001 <0.0001 >0.9999 

sICAM-1 
(ng/ml) 

853.2±136.2 884.6±78.33 928.8±140.5 847.8±84.3
2 

0.2629 0.4197 >0.9999 

PAI-1 
(ng/ml) 

168.3±11.45 167.5±10.97 173.1±21.55 162.9±9.29 0.7084 >0.9999 >0.9999 

n: Sample size; X±SE: Mean±Standard error; ADMA: Asymmetric dimethylarginine; eNOS: Endothelial nitric oxide synthase; ET-1: 
Endothelin-1; sICAM-1: Soluble intercellular adhesion molecule-1, PAI-1: Plasminogen activator inhibitor-1. 

Table 2. Correlations between serum Adropin levels and endothelial dysfunction biomarkers 
 ADMA eNOS ET-1 sICAM-1 PAI-1 

ADROPİN r=0.3996 
P=0.0001 

r=0.3653 
P=0.0005 

r=0.2495 
P=0.019 

r=0.2403 
P=0.0241 

r=0.3464 
P=0.0009 

ADMA: Asymmetric dimethylarginine; eNOS: Endothelial nitric oxide synthase; ET-1: Endothelin-1; sICAM-1: Soluble intercellular 
adhesion molecule-1, PAI-1: Plasminogen activator inhibitor-1. 

Table 3. Receiver operating characteristic (ROC) analysis results of serum adropin, ADMA, and ET-1 in all 
patients with COVID-19 and controls 

Under the ROC Curve Adropin (pg/ml) ADMA (ng/ml) ET-1 (pg/ml) 

Area 0.757 0.729 0.754 

Standard error 0.045 0.052 0.050 

95% confidence interval 0.667-0.846 0.626-0.833 0.654-0.853 

Cut-off value >94.50 >97.5 >107.00 

Sensitivity 0.784 0.761 0.738 

Specifity 0.702 0.648 0.675 

P value <0.0001 <0.0001 <0.0001 

ROC: Receiver operating characteristic; ADMA: Asymmetric dimethylarginine; ET-1: Endothelin-1 
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A) 

B) 

  

 
C) 

  

 
Figure 1. The area under the receiver operating 
characteristic curves (AUCs) for adropin (A), 
Asymmetric dimethylarginine (B), and Endothelin-
1 (C) in all patients with COVID-19 and controls. 

  

  
 

 

Figure 2. The area under the receiver operating 
characteristic curve (AUC) for Adropin in COVID-
19 patients with severe/ critical and mild/moderate 
symptoms. 

DISCUSSION 

The adropin is an important molecule in the 
regulation of endothelial function, and studies have 
reported a potential association between low levels of 
adropin and endothelial dysfunction2. In our study, it 
was found that the serum adropin levels were 
significantly higher in all COVID-19 cases compared 
to the controls. When COVID-19 patients were 
compared after stratifying as mild/moderate or 
severe/critical based on clinical symptoms, it was 
found that serum adropin levels were higher in 
patients with severe/critical symptoms compared to 
those with mild/moderate symptoms. These findings 
suggest that high levels of serum adropin may be 
considered as a new potential biomarker for COVID-
19 and its severity. Recent studies have suggested that 
various viral infections, including SARS-CoV-2, are 
associated with endothelial dysfunction12. In our 
study, serum adropin levels were found to be higher 
in all COVID-19 patients compared to the healthy 
controls as well as in patients with severe/critical 
symptoms compared to patients with mild/moderate 
symptoms, suggesting that it may also be an 
important molecule in the restoration of endothelial 
cell damage. It was shown that HIF-1α expression is 
significantly higher in COVID-19 patients than 
healthy controls due to the hypoxia. Stabilization of 
HIF-1α in SARS-CoV-2 infected macrophages could 
be a potential consequence of a secondary bacterial 
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infection in severe COVID-1912. On the other hand, 
Kurt et al13. found that the acute mesenteric ischemia 
group had significantly higher serum adropin 
concentrations compared to the healthy control 
group. Their correlation analysis showed a significant 
positive association between adropin and HIF-1α in 
all groups. It was suggested that inducing hypoxia 
may activate the cytoprotective signaling induced by 
HIF-1α and thereby alleviate the severity of illness 
and enhance the function of vital organs in COVID-
19 patients12. In COVID-19 patients higher adropin 
levels may be associated with higher HIF-1α levels 
and may help restoration of cells. Further studies in 
larger COVID-19 patient groups and functional 
studies are needed to clarify the association between 
severity of COVID-19 and adropin. It was also found 
that there were positive correlations between serum 
adropin levels and serum ADMA, eNOS, ET-1, 
sICAM-1, and PAI-1 levels in the COVID-19 group, 
suggesting that adropin levels are increased to 
compensate for damage to endothelial cells. 
However, unlike our findings, in a recent work by 
Aydın et al., it was shown that serum adropin levels 
were lower in COVID-19 patients compared to the 
controls15. Aydın et al. included 25 controls and 25 
COVID-19 subjects in their study, while 37 controls 
and 88 patients were included in our work. As can be 
seen, the number of patients and controls included in 
both studies is limited. Therefore, larger patient and 
controls should be studied to elucidate the 
relationship between adropin and COVID-19. It was 
reported that biomarkers for endothelial and platelet 
activation were increased in severe COVID-19 
infection16. Cooke and et al. reported that ADMA, a 
potential biomarker for endothelial dysfunction, 
could lead to endothelial damage by inhibiting eNOS 
which catalyzes the production of nitric oxide (NO), 
an important molecule for endothelial function17. In 
our study, the findings that eNOS levels were 
increased and that there was a positive correlation 
between eNOS and ADMA (r=0.446; P<0.0001) 
indicate that endothelial dysfunction due to NO 
deficiency did not result from eNOS inhibition in 
COVID-19. It was suggested that increased serum 
ADMA level was associated with mortality in 
COVID-19 and ADMA could be a biomarker for 
assessing mortality risk18. It was also reported that the 
ADMA level was increased in COVID-19 subjects 
with pulmonary involvement when compared to 
those without and that the ADMA could be used as 
a laboratory parameter for a better understanding of 
COVID-19 pathophysiology19. Despite the lack of a 
significant difference in serum ADMA levels between 

patients with and without pneumonia in the present 
study, the finding of higher serum ADMA levels in 
COVID-19 subjects than in controls suggests its 
potential contribution to the elucidation of COVID-
19 pathophysiology and highlights its potential as a 
biomarker for the disease. 

ET-1, a molecule with a potent endogenous 
vasoconstrictor effect, enhances vasoconstriction 
and leads to fibrosis of vascular cells; in addition, it 
also stimulates reactive oxygen species production. It 
was suggested that high levels of blood ET-1 can be 
an important prognostic tool and biomarker to 
identify people at risk for severe COVID-19 
infection20. It was reported that levels of ET-1 were 
increased in the acute phase of infection in 
hospitalized patients and ET-1 elevation was 
correlated with disease severity, suggesting that 
endothelin receptor antagonists may be beneficial in 
COVID-19 subjects21. Our study revealed that 
COVID-19 subjects exhibited higher levels of serum 
ET-1 compared to controls, indicating the potential 
involvement of ET-1 in the pathogenesis of the 
disease. These findings also suggest that ET-1 could 
serve as a potential biomarker for COVID-19. 
However, comparable levels of ET-1 among 
COVID-19 subgroups may be due to the insufficient 
sample size in the present study.  

eNOS produces NO in the vascular endothelium, 
which has significant regulatory functions in cellular 
proliferation, leukocyte adhesion, vascular tone, and 
platelet aggregation22. The deficiency in eNOS-
derived NO is an essential cause of endothelial 
dysfunction that may result in the disruption of 
vascular integrity23. The decreased NO level leads to 
unfavorable vascular events such as blood pressure 
disorders, prevention of vascular dilatation, loss of 
anti-thrombotic activity, fibrinolysis defects, and 
inhibition of platelet aggregation. It was reported that 
a reduction in serum NO levels would lead to 
oxidative stress in COVID-1924. It was reported that 
the adropin may regulate endothelial cell function by 
increasing NO release via stimulation of eNOS 
expression through VEGFR2-PI3K-Akt or 
VGEFR2-ERK1/2 signaling pathways; thus, it may 
be protective for the cardiovascular system by 
inducing neovascularization2. In consistent with 
these findings, in our study, the increased adropin 
level in COVID-19 subjects and positive correlation 
between adropin and eNOS suggest that adropin 
prevents reduction in eNOS level by eNOS 
stimulation; thus, maintains circulating NO level.  
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The sICAM-1, formed through proteolytic slicing of 
ICAM-1 molecule, plays a critical role in endothelial 
cell activation and damage. In previous studies, it was 
reported that elevated sICAM-1 level could be 
involved in the coagulopathy and was associated with 
disease severity and mortality in COVID-1925,26. The 
PAI-1 inhibits serine proteases such as urokinase and 
tissue plasminogen activator (tPA), which are 
involved in the resolution of coagulation, by binding 
these molecules. Normally, the plasminogen cannot 
be activated by tPA since the circulating PAI-1 
activity is higher than tPA. The PAI-1 synthesis is 
stimulated by thrombin, cytokines, and lipoproteins, 
and 90% of PAI-1 is stored in platelets27. It was 
shown that elevated PAI-1 levels lead increased risk 
for atherothrombosis28,29. It was reported that there 
was a greater extent of increase in levels of PAI-1 and 
tPA in COVID-1930-32. In our study, on contrary to 
the literature, serum sICAM-1 and PAI-1 levels were 
found to be comparable between the COVID-19 
group and controls or across COVID-19 subgroups.  

Our study has several limitations. To establish a 
conclusive result regarding this matter, it is necessary 
to conduct studies with larger sample sizes from 
diverse populations, as the current study may have 
been limited by its insufficient number of patients. In 
addition, the inclusion of individuals who have 
asymptomatic COVID-19 in the study would be 
important for interpreting the effects of adropin on 
endothelial dysfunction biomarkers. 

In conclusion, our findings showed that adropin may 
be a new potential biomarker for both COVID-19 
and severe/critical symptoms of the disease. Our 
results also suggested that adropin may play role in 
the restoration of endothelial cell damage. In 
addition, ADMA and ET-1 may also be potential 
biomarkers for COVID-19. In COVID-19 patients, 
the increased adropin levels and positive correlation 
between adropin and eNOS suggest that adropin may 
maintain blood NO levels by preventing a reduction 
in eNOS levels through stimulation of eNOS. In 
addition, the positive correlations observed between 
levels of serum adropin and serum ADMA, eNOS, 
ET-1, sICAM-1, and PAI-1 in the COVID-19 group 
suggest that adropin may compensate for damage to 
endothelial cells. 
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