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Adropin Levels in DM patients who have been infected with SARS-COV2

Aydın et al.

ABSTRACT

Objective: In the present study, the relationship between a poor prognosis and adropin levels in diabetic 
patients with coronavirus disease 2019 was investigated by measuring serum adropin levels and levels of 
D-dimer, C-reactive protein, and ferritin, which are considered prognostic factors for coronavirus disease 
2019.

Materials and Methods: Hundred volunteer participants treated in the Erzurum Regional Training and 
Research Hospital were included in this study. Serum adropin levels were measured by enzyme-linked 
immunosorbent assay. The relationship between serum adropin level and C-reactive protein, ferritin, and 
D-dimer levels was analyzed by correlation analysis.

Results: The participants’ serum adropin levels differed between the groups (P = .0007). The control group 
had the highest adropin levels among groups. The lowest adropin levels were in the COVID + diabetes mel-
litus group. Adropin levels of diabetes mellitus, COVID, and diabetes mellitus + COVID groups were sig-
nificantly decreased when compared to the control (P < .05). There was a significant negative correlation 
between adropin and C-reactive protein, D-dimer, and ferritin.

Conclusion: Adropin can be used as an auxiliary biomarker, a prognostic factor in the early management of 
coronavirus disease 2019 patients with diabetes mellitus. We think that our study will guide future studies 
conducted in this field.
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Introduction
Coronavirus disease 2019 (COVID-19) is an infectious respiratory disease caused by the beta-
coronavirus severe respiratory coronavirus syndrome coronavirus 2 (SARS-CoV-2), which 
originated in Wuhan, China.1 The COVID-19 outbreak was declared a pandemic by the World 
Health Organization on March 11, 2020, due to its rapid progress in a very short time, affecting 
large numbers of people and causing deaths.2

Severe respiratory coronavirus syndrome coronavirus 2 infection can be asymptomatic or accom-
panied by symptoms of a viral respiratory infection, such as fever, cough, weakness, and dyspnea. 
In severe cases, pneumonia, severe acute respiratory syndrome, heart failure, kidney failure, and 
even death may occur.3 The main causes of death related to COVID-19 are respiratory failure, 
septic shock, kidney failure, bleeding, and heart failure.4 When the case series was examined, it 
was determined that arterial hypertension, coronary heart disease, obesity, and diabetes were 
the risk factors of COVID-19 itself. However, it has been reported that COVID-19 has a more 
severe clinical course and the mortality rate is higher in these patients.5,6

Diabetics make up a significant proportion of COVID-19 patients hospitalized.7 It is observed 
that among COVID-19 patients admitted to intensive care units, those with underlying diabetes 
mellitus (DM) are also common.8,9 These patients are at high risk for COVID-19 and have a 
worse prognosis than those who do not have diabetes.10 The pathophysiology underlying the 
severe course of COVID-19 infection and the increased risk of respiratory failure and death 
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in patients with diabetes is not yet fully under-
stood, but various mechanisms are thought 
to be responsible. Endothelial damage due to 
inflammation, oxidative stress, and cytokine 
production, an increased risk of complications 
due to DM, and an increased risk of damage to 
vital organs are suggested mechanisms.11,12 One 
of the molecules known to be associated with 
endothelial damage is the hormone adropin. 

Adropin is a peptide that regulates glycolipid 
metabolism. It is encoded by the energy homeo​
stasi​s-ass​ociat​ed gene. It is expressed in the 
heart and gastrointestinal tract, but mainly in the 
liver and brain. It is also known to be present in 
the human circulatory system.13 In recent stud-
ies, it has been found that adropin has a beneficial 
effect on glucose homeostasis and dyslipid-
emia. It has also been shown to have beneficial 
effects in obesity-related hyperinsulinemia and 
in improving energy homeostasis.14 It has been 
shown that serum adropin levels decrease in 
many diseases such as coronary atherosclerosis, 
hypertension, diabetic nephropathy, and poly-
cystic ovary disease.15,16 Clinical studies have con-
firmed that serum adropin levels are negatively 
correlated with the risk factors of metabolic dis-
eases. It was found that low levels of adropin are 
associated with the development of the meta-
bolic syndrome. It has been stated that adro-
pin is a potentially protective agent against the 
development of the metabolic syndrome.17 The 
relationship between adropin levels and the 
development of atherosclerosis was investigated 
in patients with and without type 2 DM. Adropin 
levels were found to be low in patients with type 
2 DM. At the same time, it was reported that 
adropin levels are inversely proportional to 
the severity of coronary atherosclerosis.18 It is 
known that adropin is involved in the regulation 
of endothelial function.19 There is an association 
between decreases in its level and endothelial 
dysfunction and metabolic syndrome.20 Similarly, 
it has been stated that low circulating adropin 
levels in patients with type 2 DM are a risk factor 
for endothelial dysfunction.21

Although it has been shown that endothelial dys-
function is one of the major underlying causes of 
advanced courses of COVID-19 infection in DM 
patients, respiratory failure, and increased risk of 
death, its relationship with serum adropin levels, 
which is an indicator of endothelial dysfunction, 
has not yet been studied. In the present study, 
the relationship between a poor prognosis and 
adropin levels in diabetic patients with COVID 
was investigated by measuring serum adropin 
levels and levels of D-dimer, C-reactive protein 
(CRP), and ferritin, which are considered prog-
nostic factors for COVID-19.

Materials and Methods

Study Design
Hundred volunteer participants treated in 
Erzurum Regional Training and Research Hospital 
were included in this study. All participants were 
tested for COVID-19 via real-time polymerase 
chain reaction (RT-PCR). The number of partici-
pants was determined by performing a g-power 
analysis. The participants included 25 healthy 
controls (COVID-19 negative), 25 patients with 
DM (COVID-19 negative), 25 patients with 
COVID-19 without DM (COVID-19 positive), 
and 25 patients with COVID-19 infection and 
DM (COVID-19 positive). COVID-19 patients 
and COVID-19 and DM patients had positive 
COVID-19 RT-PCR test results. COVID-19 
patients with goiter, gout, hypertension, conges-
tive heart failure, coronary artery disease, atrial 
fibrillation, chronic kidney failure, and cancer were 
excluded. Diabetes mellitus patients with coro-
nary artery disease, hypothyroid, atrial fibrillation, 
and chronic kidney failure were excluded from 
the study. However, the included DM patients 
have comorbid diseases such as hyperlipidemia, 
depression, Parkinson’s disease, and dry eye 
syndrome. Diabetes mellitus patients used oral 
antidiabetic or insulin. Patients diagnosed with 
type 2 DM, who achieved glycemic stability after 
starting diabetes treatment, were included in the 
study (hemoglobin A1c ≤7.0%). This study was 
approved by the Ethics Committee of Atatürk 
University School of Medicine (ethic number: 
February 24, 2022/B.30.2.ATA.0.01.00/208)) and 
was performed in accordance with the Helsinki 
Declaration. All participants were educated 
about the aim of the study and written informed 
consent was obtained from all participants. 
Demographic and clinical data were obtained 
from hospital records and analyzed retrospec-
tively. Laboratory test results of CRP, ferritin, 
and D-dimer were also obtained from hospital 
records.

Sample Collection
Blood samples were collected in tubes con-
taining non-ethylenediamine tetraacetic acid. 
Blood samples were centrifuged at +4 °C, 
4000 rpm for 10 minutes. Serum samples 
were separated from the tubes and stored at 
−80 °C until use. 

Measurement of Serum Adropin Level
Serum adropin levels were measured via a 
commercial enzyme-linked immunosorbent 
assay according to the manufacturer’s instruc-
tions (Bioassay Technology Laboratory, Wuhan, 
China). The reference range of 5-10 000 ng/L 
has been considered for adropin. 

Statistical Analysis

Sample Size Calculation and Power Analysis
The data included in the study were analyzed 
using the GraphPad program and had an obser-
vation power of 95 % at the alpha = 0.05 sig-
nificance level. It would be necessary to have 
approximately 25 patients per group to obtain 
a significant statistical value. It was seen that 100 
patients included in the study were sufficient for 
statistical analysis.

Data were analyzed with GraphPad Prism 5. The 
variables were evaluated using Kolmogorov–
Smirnov or Shapiro–Wilk tests to determine 
whether or not they were normally distributed. 
Kruskal–Wallis was used to compare the vari-
ables that were not normally distributed and the 
Dunns test was utilized also as a post hoc test. 
To test the differences between 2 groups for 
non-normally distributed data, Mann–Whitney 
U-test was used. Spearman correlation was 
used to assess the correlation between serum 
adropin level and CRP, D-dimer, and ferritin lev-
els. P values ≤.05 were considered statistically 
significant.

Results

Characteristics of Participants
Totally 100 participants were enrolled in the 
study. In the study, 40% (n = 40) of the par-
ticipants were male and 60% (n = 60) were 
female. The age range was 23-70 in DM 
patients, 23-87 in COVID patients, 38-92 in 
COVID+DM patients, and 31-75 in healthy 
individuals. Liver function tests and kidney 
function tests were not performed because 
they were not directly related to the study. 
Forty-two percent (n = 21) of the patients 
(COVID, COVID+DM) infected with COVID 
died. Of the total number of COVID-19 
patients (COVID, COVID+DM), 48% (n = 24) 
needed mechanical ventilation.

Laboratory Findings of Patients
Patients have been separated into 4 groups as 
in Table 1. The first group (control) consists of 
healthy control, the second group (DM) is just 
patients with DM, the third group consists of 
patients who are infected with SARS-CoV-2, 
and the fourth group consists of patients 
with DM who are infected by SARS-CoV-2. 
C-reactive protein, D-dimer, ferritin, and adro-
pin levels of groups are summarized in Table 1. 
The COVID+DM patients showed higher CRP 
levels than other patients. D-dimer values of 
COVID+DM patients were higher than COVID 
patients and healthy control. The highest ferritin 
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level was seen in COVID patients. Adropin level 
was decreased in COVID+DM patients com-
pared with other groups.

Serum Adropin Levels of Participants
The participants’ serum adropin levels differed 
between the groups (Figure 1) (P = .0007). The 
control group had the highest adropin levels 
among the groups. The lowest adropin levels 
were in the COVID+DM group. Adropin levels 
of DM, COVID, and DM+COVID groups were 
significantly decreased when compared to con-
trol (P < .05). 

Correlation Analysis of Adropin
We investigated the relation of serum adropin, 
CRP, D-dimer, and ferritin levels in patients. The 
results of the correlation analysis of adropin and 
serum inflammatory markers are summarized in 
Table 2. D-dimer values of DM patients were 
not accessible, so their D-dimer values were 
excluded from the analysis. There was a signifi-
cant negative correlation between adropin and 
CRP, D-dimer, and ferritin (r = −0.3219 P = 
.0311; r = −0.3988 P = .0263; r = −0.3691 P = 
.0226, respectively).

Discussion
As a result of our study, we found that adropin, 
which has been previously shown to be associ-
ated with endothelial damage in different studies 
in the literature, was significantly lower in DM 
patients with COVID-19. At the same time, we 
observed a negative correlation between the 
levels of D-dimer, ferritin, and CRP, known to 
be prognostic factors for COVID-19, and serum 
adropin levels in the present study. We think 
that low adropin levels in DM patients, which 
we have also shown in the present study and 
which are also reported in the literature, may 
have worsened the course of the disease by fur-
ther increasing the endothelial damage already 
caused by COVID.

Diabetes mellitus has been one of the most 
important risk factors for higher severity of dis-
ease in patients with COVID-19. The fact that 
people with diabetes have an innate and adap-
tive immune response that is irregular makes 
them more susceptible to inflammatory pro-
cesses and cytokine storms. At the same time, 
people with diabetes are also at a higher risk of 
thrombotic events due to an imbalance between 

coagulation factors and fibrinolysis.22 One of the 
molecules thought to be related to the chronic 
inflammatory process in DM patients is the 
hormone adropin. It appears that studies on 
adropin are more focused on metabolic and car-
diovascular diseases. In the studies conducted, 
the role of adropin in regulating metabolism 
and improving the functions of endothelial cells 
is noted. However, it is thought that adropin 
itself also has immunological effects. Therefore, 
recently, the relationship between adropin hor-
mone levels and inflammation has become one 
of the topics that scientists are focusing on and 
its connection with various signaling pathways 
has been studied. It has been reported that 
adropin has potential anti-inflammatory effects 
and may improve the inflammatory response in 
various disease processes.23 It has been shown 
that adropin can modulate PPAR-γ expression, 
which is involved in many important regulatory 
pathways including lipid and glucose homeosta-
sis, cell differentiation, proliferation, apoptosis, 
and inflammation.13 It is known that macrophage 
infiltration can be reduced and inflammation will 
be alleviated by PPAR-γ activation. In 1 study, 
it was shown that adropin upregulates PPAR-γ 
expression, and this modulation contributes to 
the regulation of the inflammatory process by 
acting on the anti-inflammatory or proinflam-
matory phenotypes of macrophages. In the 
present study, the release of tumor necrosis 
factor-alpha and interleukin 6 (IL-6) with proin-
flammatory effects was also inhibited by adro-
pin. As a result, inflammation decreased and 
anti-atherosclerotic effects occurred.24 In our 
study, serum adropin levels were significantly 
lower in the COVID+DM patients than in the 
other groups. However, the need for mechanical 
ventilation and the mortality rate were higher in 
these patients. Decreased adropin levels in DM 
patients may have prevented the emergence of 
an adequate anti-inflammatory effect after these 
patients were infected with COVID. Initially, 
inflammation increased in these patients with 
already low levels of adropin, there was no ade-
quate anti-inflammatory response to COVID-19, 

Table 1.  Comparison of Laboratory Findings of Patients

Parameters Control (Mean ± SD) DM (Mean ± SD) COVID (Mean ± SD) COVID+DM (Mean ± SD) P

CRP (mg/L) 1.861 ± 2.78 12.57 ± 17.84 42.28 ± 32.75 68.28 ± 72.91 .0001***

D-dimer (µg/mL) 354.1 ± 103 - 1667 ± 1827 3067 ± 7910 .0004***

Ferritin (ng/mL) 113.5 ± 36.2 117.5 ± 143.7 460 ± 597.9 438 ± 458.4 .0066**

Adropin (ng/L) 642.6 ± 387 256.1 ± 70.85 367.3 ± 179.7 162.4 ± 115.1 .0007***

Kruskal–Wallis test was used to compare the groups.
D-dimer values of  DM patients were not available
Bold P values were statically significant.
CRP, C-reactive protein; DM, diabetes mellitus; SD, standard deviation.

Figure 1.  Comparison of  serum adropin levels in participants. COVID, patients infected with SARS-CoV-2; 
DM, diabetes mellitus; COVID+DM, patients with DM who is infected with SARS-CoV-2, φ, according to 
the control group.
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and thus we think that the clinical course may 
have been further aggravated. There are several 
studies in the literature that show that adropin 
promotes endothelial homeostasis. The endo-
thelium is very important in maintaining vascular 
homeostasis. The resulting dysfunction of the 
endothelium leads to increased vascular perme-
ability and aggravation of inflammation. This dys-
function is closely related to DM, hypertension 
(HT), and atherosclerotic heart diseases.25 It has 
been reported that adropin reduces endothelial 
permeability and prevents the passage of mac-
rophages in response to inflammatory stimuli, 
ultimately reducing inflammation.19 In our study, 
serum adropin levels, which were initially low in 
the DM patients, may have decreased further 
with the addition of COVID-19 and increased 
endothelial damage. Increased endothelial dam-
age may also have led to an increase in the sever-
ity of inflammation and, as a result, an increase 
in mortality.

In order to better understand the relationship 
between adropin, COVID-19, and DM, we 
also analyzed the correlation between serum 
adropin levels and CRP (an inflammatory bio-
marker), D-dimer, and ferritin. It has been 
reported that biomarkers such as CRP, ferritin, 
lactate dehydrogenase, D-dimer, IL-6, and fibrin-
ogen may give an idea about the course of the 
disease in COVID-19 patients.26 C-reactive pro-
tein, an acute-phase protein, is synthesized by 
the liver in response to IL-6 and is a widely used 
biomarker of inflammation. It is indicative of sys-
temic inflammation and severe infection.27 The 
relationship between CRP and COVID-19 has 
been examined in many studies. A relationship 
was reported between increased CRP concen-
trations and higher disease severity in COVID-
19, and CRP was considered a prognostic 
factor.28 High levels of CRP in the early stage 
of COVID-19 have been associated with lung 
damage and the severity of the disease.29 It has 
been reported that D-dimer levels are higher 
in severe COVID-19 patients; the mechanism 
of the D-dimer increase in these patients is not 

yet understood, but D-dimer will be useful in 
the early diagnosis of severe disease.30 In a simi-
lar study, a higher level of D-dimer was mea-
sured in patients with severe COVID-19 than 
in non-severe patients, and it was concluded 
that the level of D-dimer was associated with 
COVID-19 severity.31 Another biomarker that 
is a bad prognosis sign, like D-dimer in COVID-
19, is the ferritin value. High ferritin values 
have also been associated with a poor prog-
nosis in COVID-19.32 In our study, we found a 
negative correlation between serum adropin 
levels and CPR, D-dimer, and ferritin levels. 
C-reactive protein, D-dimer, and ferritin levels 
increased with decreasing adropin levels. This 
may have increased the need for ventilation in 
COVID-19 patients with DM, leading to a worse 
prognosis and risk of death. We think that a low 
level of adropin exacerbates endothelial damage, 
which can lead to a severe course of inflamma-
tion and an increased risk of thromboembolism. 

In conclusion, in the present study, we found 
that adropin levels, which are lower in DM, were 
much lower in patients with DM and COVID. At 
the same time, there was a negative correlation 
between adropin levels and CRP, D-dimer, and 
ferritin levels, which are considered prognostic 
for COVID-19. Adropin can be used as an aux-
iliary biomarker, a prognostic factor in the early 
management of COVID-19 patients with DM. 
We think that our study will guide future studies 
conducted in this field. 

Ethics Committee Approval: Ethics committee 
approval was received for this study from the ethics 
committee of Atatürk University (February 24, 2022/​
B.30.​2.ATA​.0.01​.00/2​08).

Informed Consent: Written informed consent was 
obtained from all participants who participated in this 
study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – P.A.; Design – P.A., 
S.K.U.; Supervision – S.K.U., A.B.; Fundings – P.A.; 
Materials – P.A., S.K.U., İ.H.T., A.Ö., A.B.; Data 
Collection and/or Processing – İ.H.T.; Analysis and/or 
Interpretation – P.A., S.K.U, A.Ö.; Literature Review – 
P.A,.; Writing – P.A.; Critical Review – A.B.

Acknowledgments: The authors would like to thank 
Prof. Dr. Zekai Halıcı for his contribution to the inter-
pretation and critical analysis of the article.

Declaration of Interests: The authors have no con-
flicts of interest to declare.

Funding: The authors declared that this study has 
received no financial support.

References
1.	 Meo  SA, Alhowikan  AM, Al-Khlaiwi  T, et al. 

Novel coronavirus 2019-Ncov: prevalence, bio-
logical and clinical characteristics comparison 
with SARS-Cov and MERS-Cov. Eur Rev Med 
Pharmacol Sci. 2020;24(4):2012-2019. 
[CrossRef]

2.	 Mahase E. Covid-19: WHO declares pandemic 
because of “alarming levels” of spread, severity, 
and inaction. BMJ. 2020;368(March):m1036. 
[CrossRef]

3.	 Huang C, Wang Y, Li X, et al. Clinical features of 
patients infected with 2019 novel coronavirus in 
Wuhan, China. Lancet. 2020;395(10223):497-
506. [CrossRef]

4.	 Harcourt  J, Tamin  A, Lu  X, et al. Severe acute 
respiratory syndrome coronavirus 2 from 
patient with coronavirus disease, United States. 
Emerg Infect Dis. 2020;26(6):1266-1273. 
[CrossRef]

5.	 Wu C, Chen X, Cai Y, et al. Risk factors associ-
ated with acute respiratory distress syndrome 
and death in patients with coronavirus disease 
2019 pneumonia in Wuhan, China. JAMA Intern 
Med. 2020;180(7):934-943. [CrossRef]

6.	 Li B, Yang J, Zhao F, et al. Prevalence and impact 
of cardiovascular metabolic diseases on COVID-
19 in China. Clin Res Cardiol. 2020;109(5):531-
538. [CrossRef]

7.	 Fadini  GP, Morieri  ML, Longato  E, Avogaro  A. 
Prevalence and impact of diabetes among peo-
ple infected with SARS-Cov-2. J Endocrinol Invest. 
2020;43(6):867-869. [CrossRef]

8.	 Myers LC, Parodi SM, Escobar GJ, Liu VX. Char-
acteristics of hospitalized adults with COVID-19 
in an integrated health care system in California. 
JAMA. 2020;323(21):2195-2198. [CrossRef]

9.	 Piva S, Filippini M, Turla F, et al. Clinical presenta-
tion and initial management critically ill patients 
with severe acute respiratory syndrome corona-
virus 2 (SARS-Cov-2) infection in Brescia, Italy. J 
Crit Care. 2020;58:29-33. [CrossRef]

10.	 Wang D, Hu B, Hu C, et al. Clinical characteristics 
of 138 hospitalized patients with 2019 novel 
coronavirus-infected pneumonia in Wuhan, 
China. JAMA. 2020;323(11):1061-1069. 
[CrossRef]

11.	 Fang  C, Huang  Y, Guo  H, et al. Mechanism 
of  higher risk for COVID-19 in diabetes: a 
mask  to lift. Endocrine. 2020;69(3):477-480. 
[CrossRef]

12.	 Codo  AC, et al. Elevated glucose levels favor 
SARS-Cov-2 infection and monocyte response 
Through a HIF-1​α/gly​colys​is-de​pende​nt axis. Cell 
Metab. 2020;32(3):437-446.E5.

13.	 Kumar KG, Trevaskis JL, Lam DD, et al. Identifica-
tion of adropin as a secreted factor linking die-
tary macronutrient intake with energy homeo-
stasis and lipid metabolism. Cell Metab. 
2008;8(6):468-481. [CrossRef]

14.	 Jasaszwili M, Billert M, Strowski MZ, Nowak KW, 
Skrzypski M. Adropin as a fat-burning hormone 
with multiple functions-review of a decade of 
research. Molecules. 2020;25(3). [CrossRef]

Table 2.  Correlation Analysis of Serum 
Inflammatory Markers and Adropin

Spearman Correlation

r Value P

CRP (mg/L) −0.3219 .0311*

D-dimer (µg/mL) −0.3988 .0263*

Ferritin (ng/L) −0.3691 .0226*

Spearman correlation was used. 
Bold P values were statically significant.
CRP, C-reactive protein. 

https://doi.org/10.26355/eurrev_202002_20379
https://doi.org/10.1136/bmj.m1036
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.3201/eid2606.200516
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1007/s00392-020-01626-9
https://doi.org/10.1007/s40618-020-01236-2
https://doi.org/10.1001/jama.2020.7202
https://doi.org/10.1016/j.jcrc.2020.04.004
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1007/s12020-020-02423-0
https://doi.org/10.1016/j.cmet.2008.10.011
https://doi.org/10.3390/molecules25030549


Eurasian J Med 2022; 54(2): 197-201� Aydın et al. Adropin Levels in DM patients who have been infected with SARS-COV2 • 201

15.	 Maciorkowska  M, Musiałowska  D, Małyszko  J. 
Adropin and irisin in arterial hypertension, dia-
betes mellitus and chronic kidney disease. Adv 
Clin Exp Med. 2019;28(11):1571-1575. 
[CrossRef]

16.	 Ye Z, Zhang C, Zhao Y. Potential effects of adro-
pin on systemic metabolic and hormonal abnor-
malities in polycystic ovary syndrome. Reprod 
Biomed Online. 2021;42(5):1007-1014. 
[CrossRef]

17.	 Yosaee  S, Khodadost  M, Esteghamati  A, et al. 
Metabolic syndrome patients have lower levels 
of adropin when compared with healthy over-
weight/obese and lean subjects. Am J Mens 
Health. 2017;11(2):426-434. [CrossRef]

18.	 Wu L, Fang J, Chen L, et al. Low serum adropin 
is associated with coronary atherosclerosis in 
type 2 diabetic and non-diabetic patients. Clin 
Chem Lab Med. 2014;52(5):751-758. [CrossRef]

19.	 Lovren F, Pan Y, Quan A, et al. Adropin is a novel 
regulator of endothelial function. Circulation. 
2010;122(11):S185-S192. [CrossRef]

20.	 Oruc CU, Akpinar YE, Dervisoglu E, et al. Low 
concentrations of adropin are associated with 
endothelial dysfunction as assessed by flow-
mediated dilatation in patients with metabolic 
syndrome. Clin Chem Lab Med (CCLM). 
2017;55(1):139-144. [CrossRef]

21.	 Topuz M, Celik A, Aslantas T, Demir AK, Aydin S, 
Aydin S. Plasma adropin levels predict endothelial 
dysfunction like flow-mediated dilatation in 
patients with type 2 diabetes mellitus. J Investig 
Med. 2013;61(8):1161-1164. [CrossRef]

22.	 Apicella  M, Campopiano  MC, Mantuano  M, 
Mazoni L, Coppelli A, Del Prato S. COVID-19 in 
people with diabetes: understanding the reasons 
for worse outcomes. Lancet Diabetes Endocrinol. 
2020;8(9):782-792. [CrossRef]

23.	 Zhang  S, Chen  Q, Lin  X, Chen  M, Liu  Q. A 
review of adropin as the medium of dialogue 
between energy regulation and immune regula-
tion. Oxid Med Cell Longev. 2020;2020:3947806. 
[CrossRef]

24.	 Sato K, Yamashita T, Shirai R, et al. Adropin con-
tributes to anti-atherosclerosis by suppressing 
monocyte-endothelial cell adhesion and smooth 
muscle cell proliferation. Int J Mol Sci. 
2018;19(5):1293. [CrossRef]

25.	 Brunner  H, Cockcroft  JR, Deanfield  J, et al. 
Endothelial function and dysfunction. Part II: 
Association with cardiovascular risk factors and 
diseases. A statement by the working group on 
Endothelins and Endothelial Factors of the Euro-
pean Society of Hypertension. J Hypertens. 
2005;23(2):233-246. [CrossRef]

26.	 Centers for Disease Control and Prevention 
(U.S.). COVID-19 response team, preliminary 

estimates of the prevalence of selected underly-
ing health conditions among patients with coro-
navirus disease 2019 - United States, February 
12-March 28, 2020. MMWR Morb Mortal Wkly 
Rep. 2020;69(13):382-386.

27.	 Morley  JJ, Kushner  I. Serum C-reactive protein 
levels in disease. Ann N Y Acad Sci. 1982;389:406-
418. [CrossRef]

28.	 Luo X, Zhou W, Yan X, et al. Prognostic value 
of C-reactive protein in patients with coronavi-
rus 2019. Clin Infect Dis. 2020;71(16):2174-2179. 
[CrossRef]

29.	 Wang  L. C-reactive protein levels in the early 
stage of COVID-19. Med Mal Infect. 
2020;50(4):332-334. [CrossRef]

30.	 Düz ME, Balcı A, Menekşe E. D-dimer levels and 
COVID-19 severity: systematic review and 
meta-analysis. Tuberk Toraks. 2020;68(4):353-
360. [CrossRef]

31.	 Yu  HH, Qin  C, Chen  M, Wang  W, Tian  DS. 
D-dimer level is associated with the severity of 
COVID-19. Thromb Res. 2020;195:219-225. 
[CrossRef]

32.	 Cheng L, Li H, Li L, et al. Ferritin in the corona-
virus disease 2019 (COVID-19): a systematic 
review and meta-analysis. J Clin Lab Anal. 
2020;34(10):e23618. [CrossRef]

https://doi.org/10.17219/acem/104551
https://doi.org/10.1016/j.rbmo.2021.01.020
https://doi.org/10.1177/1557988316664074
https://doi.org/10.1515/cclm-2013-0844
https://doi.org/10.1161/CIRCULATIONAHA.109.931782
https://doi.org/10.1515/cclm-2016-0329
https://doi.org/10.2310/JIM.0000000000000003
https://doi.org/10.1016/S2213-8587(20)30238-2
https://doi.org/10.1155/2020/3947806
https://doi.org/10.3390/ijms19051293
https://doi.org/10.1097/00004872-200502000-00001
https://doi.org/10.1111/j.1749-6632.1982.tb22153.x
https://doi.org/10.1093/cid/ciaa641
https://doi.org/10.1016/j.medmal.2020.03.007
https://doi.org/10.5578/tt.70351
https://doi.org/10.1016/j.thromres.2020.07.047
https://doi.org/10.1002/jcla.23618

