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A B S T R A C T   

Background: Endothelial dysfunction, a major complication of SARS-CoV-2 infectionplaying a key-role in multi- 
organ damage, carries high risk of mortality. 
Aim: To investigate the potential role of Mid-Regional pro-Adrenomedullin (MR-proADM) in detecting endo
thelial damage with a view to stratifying the risk of adverse events (length of stay, death, admission in Intensive 
Care Unit) and/or disease resolution. 
Materials and Methods: In 135 consecutive patients with SARS-CoV-2 infection, MR-proADM was measured in 
EDTA-K2 plasma samples using B.R.A.H.M.S. KRYPTOR® COMPACT Plus method (Thermo Fisher Scientific, 
Hennigsdorf, Germany) 
Results: Patients were subdivided into three groups based on their MR-proADM value (nmol/L): 1 (n = 20, MR- 
proADM ≤ 0.55); 2 (n = 82, 0.55 < MR-proADM ≤ 1.50); 3 (n = 33, MR-proADM > 1.50). The higher the MR- 
proADM value, the greater the patients’ age, the more frequent the occurrence of pneumonia, the requiring of 
more aggressive treatment, the longer the hospitalization and the more frequent a fatal event. Significant dif
ferences were found between the three groups for MR-proADM, White-blood cell count, Neutrophil count, D- 
dimer, C-reactive Protein, Procalcitonin and hs-Troponin I. At logistic regression,it was found that MR-proADM 
and Log10D-dimer were the most significant predictors of adverse events. 
Conclusion: The findings made in the present study highlight the relevance of MR-proADM values in providing 
clinically useful information, particularly for stratifying COVID-19 patients according to the risk of a more severe 
form of disease and to the development of adverse events.   

1. Introduction 

The vascular endothelium, an active paracrine, endocrine, and 
autocrine system, plays a fundamental role in both the regulation of 
vascular tone and the maintenance of vascular homoeostasis [1,2]. 

Endothelial dysfunction is a main determinant of microvascular 
dysfunction since it shifts the vascular equilibrium towards a greater 
vasoconstriction with subsequent organ ischemia, inflammation with 
associated tissue oedema, and a pro-coagulant state [3]. 

SARS-CoV-2 infects the host by means of the Angiotensin Converting 
Enzyme2 (ACE2) receptor, which is expressed in several organs, 
including the lung, heart, kidney, and intestine as well as the endothelial 
cells [4]. Moreover, findings reported in the literature [1], have 
demonstrated the presence of viral elements within endothelial cells and 

an accumulation of inflammatory cells, thus suggesting that SARS-CoV-2 
infection facilitates the induction of endotheliitis in several organs as a 
direct consequence of the viral involvement and of the host inflamma
tory response. 

The clinical status for subjects with SARS-CoV-2 infection ranges 
from lack of symptoms to severe pneumonia, with a mortality rate 
ranging from 4 to 13%, mainly in cases of acute respiratory distress 
syndrome (ARDS) [5–7], being the disease severity evaluated mainly on 
the basis of clinical and radiological findings [8]. Moreover, as occurs in 
several different diseases, also in SARS-CoV-2 patients the use of bio
markers may help clinicians to evaluate disease severity and stratify the 
risk of an adverse outcome [9,10]. 

Several papers in the literature [11–15] have evidenced the rele
vance of the endothelium dysfunction in the development and severity 
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of COVID-19 disease focusing on the clinical usefulness of the bio
markers measurements in assessing endothelial damage in this specific 
disease, as well as in several other conditions in which endothelial cells 
are activated. On the other hand, a small number of biomarkers and a 
few commercially available methods have been validated to evaluate 
endothelial function in clinical practice. 

Adrenomedullin (ADM),first discovered by Kitamura et al. in 1993 
[16], is a vasodilator peptide with antimitogenic and natriuretic prop
erties that participates in blood pressure control. The main function of 
this peptide is to trigger vasodilatation in both vascular resistance and 
capacitance vessels resulting in a blood flow increase. ADM further re
duces vasoconstriction by inhibiting the renin-angiotensin-aldosterone 
system and maintains endothelial integrity by reducing vascular 
permeability [17]. A disruption of the ADM system results in vascular 
leakage, which is the first step in the inflammation and the coagulation 
cascade activation [18,19]. 

The values for mid-regional pro-adrenomedullin (MR-proADM), 
which is derived from proADM, directly reflect the effects of its less 
stable and less easily detectable precursor. MR-proADM has therefore 
recently been introduced into clinical practice as a prognostic marker in 
patients with bacterial infection [20]. A significant relation between 
MR-proADM values and bacterial pneumonia severity has been high
lighted [21]. 

Despite most ofthe studies evaluating the role of MR-proADM in 
bacterial infections leading to sepsis, scant evidence is available on 
patients with viral infections, including Covid-19 [22–25].The aim of 
our study was therefore to investigate in Covid-19 infected patients, the 
potential role of MR-proADM circulating concentrations in detecting 
endothelial damage and providing clinically relevant information for 
stratifying the patients according to the risk of adverse events or prob
ability of disease resolution. 

2. Materials and methods 

Between November 12thand 24th2020, 135 consecutive hospitalized 
patients with microbiology proven COVID-19 infection were enrolled for 
the study. The CT scans performed at the time of admission, revealed 
abnormal results in 85% of patients being the ground-glass opacity 
(55.4%) and bilateral patchy shadowing (50.8%) the most common 
patterns. The biochemical parameters [Glucose, Creatinine, Lactate 
Dehydrogenase (LDH), Albumin, Ferritin] were measured in samples 
collected in lithium heparin tubes (Becton Dickinson) during the hos
pitalization period. All measurements have been carried out on Cobas 
8000 system (Roche Diagnostics, GmbH, Mannheim, Germany) with the 
exception ofProcalcitonin (PCT) (Liaison Brahms PCT II gen, Diasorin 
SpA, Saluggia, Italy),C-reactive protein (CRP) (Dimension Vista, 
Siemens Healthcare Diagnostics Inc, Tarrytown USA), cardiac troponin I 
(hs-cTnI, Architect 2000, Abbot Diagnostics) and D-dimer (Sclavo re
agents, Sysmex CS-5100), while hematological data were obtained using 
Sysmex XE 2100 (Sysmex, Kobe, Japan). 

MR-proADM measurement was performed in plasma EDTA-K2 using 
the TRACE technology (Time-Resolved Amplified Cryptate Emission, B. 
R.A.H.M.S. KRYPTOR® COMPACT Plus, Thermo Fisher Scientific, 
Hennigsdorf, Germany). During the study, the method’s analytical 
performance was monitored by determining the Internal Quality Control 
materials (B.R.A.H.M.S. MR-proADM KRYPTOR QC) that provided an 
intra-assay imprecision (CV%) ranging from ≤ 3.1% (0.50 < MR- 
proADM < 2.00 nmol/L)to ≤ 1.2% (2.00 < MR-proADM < 6.00 nmol/ 
L). The measurement was carried out in all samples in the same 
analytical run in order to avoid any bias between different calibrations. 
On the basis of MR-proADM URL and risk stratification cut-off proposed 
by the manufacturer (URL = 0.55 nmol/L, risk stratification = 1.50 
nmol/L respectively), the patients studied were subdivided into 3 
groups. In particular, Group 1, n = 20, MR-proADM ≤ 0.55 nmol/L; 
Group 2, n = 82, MR-proADM > 0.55 nmol/L ≤ 1.50 nmol/L; Group 3, n 
= 33, MR-proADM > 1.50 nmol/L. 

The study protocol (number 23307) was approved by the Ethics 
Committee of the University-Hospital of Padua and was conducted ac
cording to the principles of the Declaration of Helsinki. Need for the 
informed consent was waived as regard to the study design 
(retrospective). 

2.1. Statistical analysis 

Statistical analyses were made using Stata v13.1 (StataCorp, Lake
way Drive, TX, USA) and Microsoft Excel (Microsoft Corporation, Red
mond, Washington, USA). For descriptive statistics, the median and 
interquartile range (IQR) were used to summarize results as appropriate. 
Kruskal-Wallis equality-of-populations rank test was employed to define 
differences across groups of subjects, with or without Bonferroni’s 
criteria for adjusting p-values for multiple testing. 

Chi-square test and Fisher’s exact test were used for comparing 
proportions across groups. Logistic regressions were employed to esti
mate the association between the studied outcomes and the predictor 
variables with or without adjusting estimators for confounding vari
ables, including age and gender. 

The Mann-Whitney U test was used to compare the values of the MR- 
proADM in the two clinical outcomes. 

The backward-selection stepwise logistic regression model, with 
variables inclusion at pequal 0.1, was used to derive multivariate 
models. Non-parametric receiver operating characteristics curve ana
lyses were used to estimate the biomarker’s performance in predicting 
outcomes. Areas under two or more ROC curves were compared using 
the DeLong criteria. 

2.2. Role of funding source 

This research received no specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors. 

3. Results 

The main patient demographic characteristics, clinical outcomes and 
laboratory findings during the hospitalization are summarized in Table 1 
(A and B respectively): in particular, the biochemical data reported 
(Table 1B) have been obtained at the enrollment for the MR-proADM 
measurement. Single specimen collection for MR-proADM measure
ment was carried out for each patient during study period (median time 
elapesd from the hospital admission to MR-proADM measurement,7
days). After their discharge from the Emergency Department (ED), most 
of the patients (88.2%), were admitted to Infectious Disease or Internal 
Medicine wards. Depending on the severity of the disease, and its evo
lution, 65 patients (48.1%) were moved to the Intensive Care Unit (ICU) 
or to the Respiratory Pathophysiology ward; 16 patients (11.8%) were 
directly transferred from the ED to the ICU. These clinical paths were 
considered Intermediate Outcome in our study. Fourteen of the 135 
patients (10.4%) died, the fatality being identified as Outcome. 

As reported in Table 2, the patients presenting higher MR-proADM 
values (MR-proADM Group 1 < Group 2 < Group 3), were elderly (51 
vs. 68 vs 75 years), developing more frequently pneumonia (75% vs 96% 
vs 94%), requiring more aggressive treatment (ICU admission: 40% vs 
38% vs 79%), undergoing a longer period of hospitalization (13 vs 16 vs 
37 days) and suffering a fatal event (0 vs 1 vs 13 subjects) (Table 2A). 

On evaluating additional habit and clinical characteristics that may 
be relevant risk factors for a severe course of COVID-19 disease (such as 
smoking habit, diabetes, hypertension, dyslipidemia or metabolic syn
drome),no significant difference was observed between the three patient 
groups (Table 2A) whereas in group 3 patients, a higher, statistically 
significant prevalence of stroke and vasculopathy, acute and chronic 
kidney failure was observed (p = 0.002 and p = 0.001, respectively). 

A statistically significant difference was found between groups for 
concentrations of the biomarkers evaluated in the study, in particular: 
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MR-proADM (p < 0.0001), White-blood cell count (p < 0.001 for 1 vs 3 
and 2 vs 3), Neutrophil count (p < 0.001 for 1 vs 3 and 2 vs 3), D-dimer 
(p < 0.001 for 1 vs 3 and 2 vs 3), C-reactive Protein (p < 0.0001 for 1 vs 3 
and 2 vs 3), Procalcitonin (p < 0.0001 for 1 vs 3 and 2 vs 3), and hs-cTnI 
(p < 0.0001 for 1 vs 3 and 2 vs 3) (Table 2B). 

At Univariate Analysis (Table 3) of demographic parameters and 
laboratory findings in relation to Outcome and Intermediate Outcome, it 
was found that most of the variables considered, in particular White 
blood cells and Neutrophil counts, Log10D-dimer, C-reactive Protein, 
Lactate Dehydrogenase (LDH), Albumin, Neutrophil-to-Lymphocyte 
ratio (NLR) and MR-proADM, were significantly associated with both 
Outcome and Intermediate Outcome. In particular, Log10d-Dimer and 
MR-proADM shows the highest statistically significant Odds Ratio (OR) 
for both Outcome and Intermediate Outcome. 

At logistic regression, performed to estimate the association between 
the established outcomes (Outcome and Intermediate Outcome) and the 
predictor variables, with or without adjusting estimators for confound
ing variables (Age and Gender), it was found that the most significant 
predictors are MR-proADM (OR: 2.43 and 2.68) and Log10 D-dimer (OR: 
7.42 and 13.31) values, in addition to NLR (OR: 1.12 and 1.27)and LAD 
(OR: 1.01 and 1.01) levels. At Multivariate Model analysis, conducted 
with the inclusion of the parameters found to be significant at Univariate 
Analysis (MR-proADM, Age, NLR, LDH, Glucose, Log10 d-Dimer, Gender, 
WBC and PCR), the combination of MR-proADM + NLR + Age, (Model 
1) exhibits an Area Under Curve (AUC) for Outcome equal to 0.924 (95 

%CI 0.867–0.981) while the Model 2 combining LDH + Glucose +
Log10D-dimer values, yielded an AUC of 0.853 (95 %CI 0.787–0.920) for 
Intermediate Outcome (Fig. 1a and 1b) 

4. Discussion 

The aim of our retrospective study was to ascertain whether circu
lating concentrations of Mid-Regional pro-Adrenomedullin (MR- 
proADM), a peptide derived from pro-adrenomedullin (ADM hormone 
precursor), might provide clinically relevant information on the patho
physiological mechanism and subsequent organ dysfunction induced by 
COVID-19. Indeed, in addition to its vasodilator properties (1), ADM 
exerts various protective physiological effects on the cardiovascular, 
respiratory, renal, immune, and neuroendocrine systems (25). There
fore, the increased expression and activity of ADM might reflect a 
response to organ damage and dysfunction: the measurement of circu
lating concentrations may provide additional clinical informations on 
the microcirculatory impairment and functional disorders of all inner 
organs induced by SARS-CoV-2 [26,27]. 

The population studied (Table 1), comparable for clinical and de
mographic characteristics to SARS-CoV-2 patients evaluated in our 
previous studies [28,29], seems however to suffer from fatal clinical 
events (death) in a significantly higher percentage (10.4 % vs 8.0% and 
6.2%)., The median MR-proADM value, was higher than the URL for 
healthy subjects (0.93, 0.64–1.46 vs. 0.55 nmol/L) and, in33 out of 135 
patients (24%), higher than the risk-stratification cut-off (1.55 mmol/L). 
MR-proADM seems to be closely associated with disease severity, and 
with the occurrence of major events a weak relationship having been 
demonstrated with clinical or demographics characteristics (Table 2). 

The obtained results suggest that MR-proADM measurement is of 
additional clinical value in stratifying risk and establishing the prognosis 
of COVID-19 patients. In fact, on considering the two clinical outcomes 
defined in our study, the MR-proADM values observed in patients who 
died (Outcome) are significantly higher than those in the Intermediate 
Outcome group (2.42, 2.08–3.33 nmol/L vs 1.29, 0.91–2.20 nmol/L; p 
= 0.0008), with a greater prevalence of pneumonia (p = 0.008), longer 
hospitalization period (p < 0.001), greater number of subjects moved to 
the ICU and/or Respiratory Pathophysiology ward (p < 0.001), and 
higher mortality (p < 0.001) (Table 2). 

Findings at univariate analysis (Table 3) confirm the clinical and 
pathophysiological relevance of the measurement of the biomarker, 
which provides the highest Odds Ratio (OR) for both Outcome (OR 2.48, 
95 %CI 1.56–3.95) and Intermediate Outcome (OR 2.36, 95% CI 
1.43–3.91), in addition to Log10 d-dimer (OR 4.89, 95 %CI 1.81–13.25; 
OR 12.33, 95 %CI4.01–37.96 for Outcome and Intermediate Outcome 
respectively). Finally, the accuracy of MR-proADM in predicting 
Outcome (AUC 0.900, 95 %CI 0.827–0.974)and Intermediate Outcome 
(AUC 0.757, 95 %CI 0.662–0.851) increases slightly on adding, in the 
multivariate analysis, NLR and Age (Model 1-Outcome: AUC 0.916, 95 
%CI 0.853–0.979; Intermediate Outcome: AUC 0.783, 0.698–0.867). 
Noteworthy seems to be the data provided by Log10 D-dimer values: from 
the pathophysiological viewpoint, both biomarkers (MR-proADM and D- 
dimer) provide complementary information suggesting a possible pro- 
thrombotic condition in these patients. 

Our study has some limitations, such as the punctual value of MR- 
proADM, the performance of a single centre study, the limited period 
of patients enrollment, the lack of clinical severity score, Moreover, we 
did not study the kinetic release of the endothelial biomarker, that has 
been evaluated in other papers [30,31] showing that the constantly 
higher values observed over time in non-surviving patients [29] repre
sent the more relevant prognostic information provided by the 
biomarker measurement. In our study, the single MR-proADM value 
obtained during the patients hospitalization seem to provide a compa
rable and clinically relevant prognostic information. 

In conclusion, it has been widely recognized that a crucial role is 
played by endothelial dysfunction during SARS-CoV-2 infection, the 

Table 1 
Demographic and clinical characteristics (1A), and laboratory findings (1B) of 
the study patients n = 135 (IQR, Interquartile Range; y, years).  

Demographic and Clinical Characteristics (Table 1A) 
Gender Males, n (%); Females, n (%) 100 (74); 35 (26) 
Age Median, IQR (years) 67, 58–77 
Enrollment Period From 12th to 24th November 

2020 
MR-proADM, nmol/L 0.93, 0.64–1.46 
Time from symptoms onset to MR-proADM 

measurement Median, IQR (days) 
12, 7–21 

Time from hospital presentation-admission to 
MR-proADM measurementMedian, IQR (days) 

7, 2–15 

Hospital stayMedian, IQR (days) 17, 10–30 
Clinical outcomesdischarged n (%); deceased n 

(%) 
121 (89.6); 14 (10.4) 

Laboratory Findings (Table 1B) 
Biomarker, measuring unit (Reference 

Interval) 
Number of 
Patients (%) 

Median 
(IQR) 

White blood-cell count, 109/L(4.4–11) 135 (1 0 0) 8.6, 
6.5–11.7 

Lymphocyte count, 109/L(1.1–4.8) 132 (97.8) 1.16, 
0.83–1.87 

Monocyte count, 109/L(0.20–0.96) 132 (97.8) 0.63, 
0.40–0.91 

Neutrophil count, 109/L(1.8–7.8) 132 (97.8) 6.3, 
4.36–9.70 

Platelet count, 109/L(150–450) 135 (1 0 0) 243, 
197–309 

Hemoglobin, g/L(females: 123–153; males: 
140–175) 

135 (1 0 0) 130, 
118–139 

C-reactive Protein, mg/L(0–6) 134 (99.3) 39, 9–97 
Procalcitonin, µg/L(0.0–0.5) 115 (85.2) 0.16, 

0.05–0.39 
Ferritin, µg/L(females: 11–328; males: 31–409) 108 (80.0) 757, 

409–1387 
D-dimer, µg/L(0–59 y: 0–250; 60–69 y: 0–300; 

70–79 y: 0–350; >79 y: 0–400) 
130 (96.3) 296, 

176–718 
High-sensitivity Troponin I, ng/L(females: 0–16; 

males: 0–34) 
108 (80.0) 10.2, 

4.1–20.0 
Lactate dehydrogenase, U/L (females: 135–214; 

males: 135–225) 
122 (90.4) 297, 

239–381 
Glucose, mmol/L(3.7–5.6) 131 (97.0) 6.5, 5.2–8.4 
Creatinine, µmol/L(females: 45–84; males: 

59–104) 
135 (1 0 0) 79, 67–106 

Albumin, g/L(→60 y: 35–52; 60–90: 32–46) 105 (77.8) 29, 25–33  
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Table 2 
Demographic and Clinical Characteristics, Habits (2A) and Laboratory Findings (2B) of the three Groups.  

2 A Demographic, Clinical Characteristics and Habits -  

Patients 
Group  

Patients 
number 
(%)  

Gender 
M, n,(%) 
F, n (%)  

Age 
Median, IQR (years)  

Pneumonia 
n, (%)  

ICU stay 
n, (%)  

Hospital stay 
Median, 
IQR (days)  

Death 
n, ( %)  

Smoke 
n, ( %)  

Diabetes 
n, (%)  

Hypertension 
n, ( %)  

Dyslipidemia 
and 
Metabolic 
Syndrome 
n, (%)  

Stroke 
and 
Vasculopathy 
n, (%) 

Acute 
and 
Chronic 
Kidney 
Failure 
n, (%)  

1  20 
(15)  

17 (85) 
3 (15)  

51, 
42–60  

15 
(75)  

8 
(40)  

13, 
7–33  

0 
(0)  

0 
(0)  

4 
(20)  

4 
(20)  

2 
(10)  

0 
(0)  

1 
(5)  

2  82 
(61)  

57 (70) 
25 (30)  

68, 
58–76  

79 
(96)  

31 
(38)  

16, 
10–22  

1 
(1.2)  

7 
(8.5)  

25 
(30.5)  

45 
(54.9)  

17 
(20.7)  

7 
(8.5)  

3 
(3.7)  

3  33 
(24)  

26 (79) 
4 (21)  

75, 
67–80  

31 
(94)  

26 
(79)  

37, 
24–45  

13 (39.4)  6 
(18.2)  

6 
(18.2)  

24 
(72.7)  

4 
(12.1)  

5 
(15.2)  

9 
(27.3)   

§, 
p = 0.367 

χ2 = 32.9, 
p < 0.001 
(all pairwise 
comparison) 

§, 
p = 0.008 

§, 
p < 0.001 

χ2 = 25.06, p < 0.001 
(1 vs 3 and 2 vs 3) 

§, 
p < 0.001 

§, p = 0.292 §, 
p = 0.418 

§, 
p = 0.234 

§, 
p = 0.567 

§, 
p = 0.002 

§, 
p = 0.001  

2B. Laboratory Findings - Median, IQR - (reference range) 

Patients’ 
Group 

MR-proADM, 
nmol/L 

White blood-cell count, 
109/L, 
(4.4–11) 

Neutrophils 
count, 
109/L, 
(1.8–7.8) 

D-dimer, 
µg/L 
(0–59 y: 0–250; 60–69 y: 0–300; 70–79 y: 
0–350; >79 y: 0–400) 

CRP 
mg/L 
(0–6)  

PCT 
µg/L 
(0.0–0.5)  

Ferritin, µg/L 
(females: 11–328; males: 
31–409) 

hs-cTnI, ng/L  Creatinine, 
µmol/L  

1 
0.50, 
0.37–0.52 

7.13, 
4.08–10.50 

3.92, 
2.39–7.90 

150, 
150–269 

8.7, 
2.9–29.2 

0.04, 
0.04–0.14 

706, 
219–1465 

3.5, 
2.0–7.9 

69, 
56–81  

2 
0.87, 
0.69–1.13 

8.10, 
6.46–11.47 

5.80, 
4.56–8.26 

249, 
174–513 

25.0, 
6.4–88.0 

0.11, 
0.04–0.27 

608, 
418–1320 

8.5, 
4.3–13.5 

76, 
66–88  

3 
2.38, 
1.88–3.25 

11.43, 
8.88–20.01 

10.29, 
7.55–19.11 

880, 
425–2358 

100.0 
53.0–126.7 

0.53, 
0.26–1.72 

1118, 
506–1840 

21.0, 
15.0–86.2 

126, 
100–175  

χ2 = 100.0, 
p<0.0001 

χ2 = 16.47 
p<0.0001 
(1 vs. 3 and 2 vs. 3) 

χ2 = 28.4 
p<0.0001 
(1 vs. 3 and 2 vs. 
3) 

χ2 = 31.1 
p<0.0001 
(1 vs. 3 and 2 vs. 3) 

χ2 = 30.9 
p<0.0001 
(1 vs. 3 and 2 vs. 
3) 

χ2 = 34.7 
p<0.0001 
(1 vs. 3 and 2 vs. 
3) 

χ2 =2.73, p=0.254 χ2 =

40.6p<0.0001 
(1 vs. 3 and 2 vs. 
3) 

χ2 = 31.1 
p<0.0001 
(1 vs. 3 and 2 vs. 
3) 

Group 1 = MR-proADM ≤ 0.55 nmol/L. 
Group 2 = 0.55 nmol/L < MR-proADM ≤ 1.50 nmol/L. 
Group 3 = MR-proADM > 1.50 nmol/L. 
IQR = Interquartile Range; M = male; F = female; § = Fisher’s exact test; χ2 = chi square test. 
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endothelium being a direct target of the virus, as well as the main actor 
in orchestrating a pro-inflammatory and pro-coagulant state in COVID- 
19 patients (12,15,26). 

The aim of the present study was to evaluate in patients with COVID- 
19 disease, the behavior of MR-proADM in the maintenance of endo
thelial integrity by reducing vascular permeability. The results obtained 
confirm that the concentrations of this biomarker provide clinically 
useful information in patients with COVID-19, being particularly effec
tive in the identification of the patients at risk of more severe disease, as 
well as of fatal event. As reported in other clinical situations [32], high 
MR-pro ADM values suggests a more severe degree of endothelium 
dysfunction that defines the general risk of the patients. Therefore, the 
measurement of the biomarker concentrations during hospitalization, 
and after disease remission, may provide further biochemical insight on 
the status of endothelial function, severity of damage, and/or confir
mation of recovery. 
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Fig. 1a. Receiver operating characteristics (ROC) analyes of MP-proADM,log10 
D-dimer and of biomarkers combination models (Model 1 = MR-proADM +
NLR + Age; Model 2 = LAD + Glucose + Log10D-dimer) in prediction of the 
Outcome. Area under the curve analyses showed that AUC (95 %CI) were 0.900 
(0.827–0.974) for MR-proADM; 0.797 (0.699–0.894) for log10 D-dimer; 0.916 
(0.853–0.979) for Model-1 and 0.820 (0.705–0.936) for Model 2 respectively. 

Fig. 1b. .Receiver operating characteristics (ROC) analyes of MP-proADM,log10 
D-dimer and of biomarkers combination models (Model 1 = MR-proADM +
NLR + Age; Model 2 = LDH + Glucose + Log10D-dimer) in prediction of the 
Intermediate Outcome. Area under the curve analyses showed that AUC (95 % 
CI) were 0.757 (0.662–0.851) for MR-proADM; 0.822, (0.744–0.899) for log10 
D-dimer; 0.783 (0.698–0.867) for Model-1 and 0.869 (0.806–0.932) for Model- 
2 respectively. 
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