
2’ 2023 89

sel wall: implications for HDL-based therapies. 
Antioxidants. 2022; 11: 556. DOI: 10.3390/an-
tiox11030556 

50. Tan JT, Ng MK, Bursill CA. The role of 
high-density lipoproteins in the regulation of an-
giogenesis. Cardiovasc Res. 2015; 106(2): 184-
93. DOI: 10.1093/cvr/cvv104

51. Tong X, Pu Lv, Mathew A.V. [et al.] 
The compensatory enrichment of sphin-
gosine-1-phosphate harbored on glycated 

high-density lipoprotein restores endothelial 
protective function in type 2 diabetes melli-
tus. Cardiovasc Diabetol. 2014; 13:82. DOI: 
10.1186/1475-2840-13-82.

52. Vaisar T., Couzens E., Hwang A.  [et al.] 
Type 2 diabetes is associated with loss of HDL 
endothelium protective functions. PLoS ONE. 
2018; 13(3): e0192616. DOI: 10.1371/journal.
pone.0192616

53. Van der Vorst EPC. High-density lipopro-

teins and apolipoprotein A1. Vertebrate and in-
vertebrate respiratory proteins, lipoproteins and 
other body fluid proteins. 2020; 399-420. DOI: 
10.1007/978-3-030-41769-7_16

54. Willems B.A., Furmanik M., Caron M.M.J. 
[et al.] Ucma/GRP inhibits phosphate-induced 
vascular smooth muscle cell calcifcation via 
SMAD-dependent BMP signaling. Sci Rep. 
2018; 8(1): 4961. DOI: 10.1038/s41598-018-
23353-y

N.A. Chulakova, A.F. Potapov, A.A. Ivanova
PROADRENOMEDULLIN AS A BIOMARKER 
OF COVID -19 POOR OUTCOME: 
META-ANALYSIS AND SYSTEMIC REVIEW 

The aim of this study was to analyse and summarise all researches about proadrenomedullin (pro-ADM) prognostic value as covid-19 severity 
and mortality early predictor. After a literature search and selection, we found 19 articles eligible to inclusion in a meta-analysis. We found pro-ADM 
had significantly high values in patients both admitted to the general department and ICU-patients with unfavourable outcomes. The Pro-ADM 
measurement in the admission or early stages of the hospitalisation can be used for the patient’s risk stratification, to making a decision and a 
differential treatment approach.  
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Introduction. The objective assess-
ment of the disease severity and out-
come prediction are essential compo-
nents to make a decision in the patient’s 
management and appropriate treatment 
definition. Stratification problems and pa-
tient’s transferring based on the disease 
severity and the risk of unfavourable out-
comes acquired crucial and priority when 
there are large number of cases and in-
evitable excessive burden on healthcare 
systems. These requirements are par-
ticularly relevant in diseases with a wide 
variability of clinical course and rapidly 

developing severe complications, an ex-
ample of which was the new coronavirus 
infection COVID-19. 

Currently, different prognostic scales 
(APACHE II, SOFA, SAPS II, CURB-65, 
NEWS) and laboratory biomarkers (leu-
kocytes and platelets level, D-Dimer, 
C-reactive protein (CRP), Interleukin-6, 
Interleukin-10, Tumor Necrosis Factor- 
α, procalcitonin and etc.) are used in the 
Covid-19 severity assessment [8]. How-
ever, none of these scale and laboratory 
tests has any benefits in Covid-19 prog-
nostic effectiveness with low sensitivity 
and specificity, it requires further search-
es of reliable predictive biomarkers of 
disease’s severity. 

Covid-19 pathways investigation 
found the key role of endothelial damage 
which correlate with infection’s severity 
[16]. Therefore, findings of early indica-
tor with high predictive value considering 
covid-19-associated endothelitis are rea-
sonable. One of the newest biomarker is 
adrenomedullin (ADM) – hormone with 
cytokine-like effects, it consist of 52 ami-
no acid peptide and released by endo-
thelial and vascular smooth muscle cells 
and widely distribute in tissue and this 
production increased during infections 
[1]. ADM has vasodilative immunomod-
ulate and anti-inflammatory effects, it’s 
used as early marker in lower respirato-
ry tract infections, community-acquired 
pneumonia and sepsis [2]. ADM has low 
metabolic stability and brief half-life, its 
splits in 1:1 ratio with precursor called 

mid-regional proadrenomedullin (pro-
ADM) and it can proportionally represent 
the ADM level and it is used in tests. The 
biomarker showed direct correlation with 
increased procalcitonin level and prog-
nostic scales (APACHE II, SOFA, SAPS 
II, CURB-65, NEWS). The Pro-ADM lev-
el in sepsis and septic shoсk were 1,8 
(0,4-5,8) nmol/L and 4,5 (0,9-21,0) nmo-
l/L respectively [2,4]. In several single 
studies pro-ADM level interpretation and 
combination with other biomarkers and 
scales demonstrated efficiency in mak-
ing a decision about admission in ICU or 
save transferring out, antibiotics escala-
tion or de-escalation and poor prognosis 
prediction [1].   

In view of the above, our research 
summarised current studies to evaluate 
proADM as an early biomarker of severity 
and mortality predictions. 

Purpose of the study was combined 
and analyse articles to assess pro-ADM 
prognostic ability as an early marker of 
severity and mortality in Covid-19 pa-
tients. 

Materials and Methods. In PubMed, 
EMBASE (Experta Medica), Cochrane 
Central Register of Controlled Trials, 
Scholar Google and e-library we se-
lected article were had been published 
in English and Russian till 25.11.2022 
with pro-ADM levels, severity and out-
comes information. The search strategy 
was used with key words and combi-
nations: «new coronavirus infection», 
«COVID-19», «predict», «midregional 
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proadrenomedullin», «proadrenomedul-
lin» and Russian translations.

Eligibility criteria were clinical trials 
with covid-19 confirmed diagnosis, adults 
only (18 years old and more).

 Exclusion criteria were case studies, 
clinical trials with less than 5 patients, 
preclinical studies, opinion articles, the-
sis, studies with pregnant or patients with 
decompensation chronic diseases. 

For quality assurance the manual ar-
ticle selecting was used following PRIS-
MA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses, 
www.prisma-statement.org). All included 
studies had patients’ characteristics, lab-
oratory data, course of disease and out-
comes. For all patients the measurement 
of pro-ADM was performed in the plasma 
by TRACE technique (Time-Resolved 
Amplified Cryptate Emission, KRYPTOR 
«BRAHMS»). 

All article were divided on two main 
groups: 1 group include patients admitted 
to hospital in the general (or infectious 
diseases) department and 2 group with 
severe or critically ill patients admitted to 
the ICU. In each group the proADM level 
in the survivors and the deceased was 
compared. In all studies, the main char-
acteristics, laboratory data and assess-
ment by scales (SOFA, NEWS, CURB-
65) at admission were collected.

The meta-analysis was conducted 
according to the Cochrane Collabora-
tion recommendations using the Review 
Manager (RevMan) program, version 
5.4.1 (2020). The meta-analysis included 
eligibility studies: patients were already 
separated or they could be grouped into 
two - survivors and non-survivors; each 
group had information about total popula-
tion number, pro-ADM mean level on the 
1st day of hospitalization with standard 
deviations and 95% confidence interval 
(CI) (or these indicators were converted 
by us on the website math.hkbu.edu.hk, 
from available data – sample size, medi-
an, maximum, minimum and interquartile 
interval); statistical significance set up at 
p<0.05. The calculation of the weighted 
average (arithmetic) is also carried out. 

Heterogeneity was evaluated by ꭓ2 

(Chi square) with considered level of 
p-value 0,10 and I2 index with values 
for heterogeneity level indication were 
0-40%-low, 30-60% - moderate, 50-90% 
- significant, 75-100 – high [5]. To as-
sess overall mean difference (MD) fixed 
effects model was chosen for moderate 
heterogeneity, and a random effects 
model was chosen for significant hetero-
geneity. To assess the publication bias in 
the meta-analysis with 5 or more studies, 
a funnel-plot was constructed. The as-

sessment of methodological quality was 
carried out according to the Russian ver-
sion of the Newcastle-Ottawa scale for all 
studies included in the meta-analysis [7].

Result and discussion. After system-
ic literature search using keywords, 68 
publications were selected from a total of 
572 references, after initial screening and 
removing de-duplication publications, 28 
articles (5 Russian and 23 foreign stud-
ies) were selected. Further selection and 
check of these articles, 19 articles (3 
Russian and 16 foreign studies) were in-
cluded in the meta-analysis (Fig. 1).

Among selected articles (n=19), 3681 
patients were analysed: 3096 patients 
admitted in the general department and 
585 ICU patients. 

Meta-analysis of studies with general 
department patients. 3096 patients ad-
mitted in the general department were 
enrolled, 580 patients deceased (mortal-
ity rate was 18,7%). After synthesis the 
weighted average pro-ADM level in sur-
vivors was 0,83 nmol/L, in non-survivors 
was – 1,57 nmol/L, the mean difference 

(MD) was statistically significant МD = - 
0,87 (95% CI: -1,08, -0,67), p<0,00001. 
Heterogeneity was significant (I²=86%, ꭓ2 
=76,4,  p<0,00001)  (Fig. 2,4).

Meta-analysis of studies with ICU pa-
tients. Meta-analysis incorporated 585 
ICU patients (169 deceased with mor-
tality rate 28,9%). The weighted aver-
age pro-ADM level in survivors was 0,90 
nmol/L, in non-survivors was – 2,11 nmo-
l/L, the mean difference was statistically 
significant, MD = - 0,71 (95% CI: -0,80, 
-0,61), p<0,0004. In contrast with results 
of group with patients hospitalized in the 
general department, the heterogeneity of 
the data in ICU patients was moderate 
(I²=44%, ꭓ2 =10,68 p=0,10) (рис. 3, 4).

Therefore, result of the meta-anal-
ysis shows that the level of pro-ADM in 
non-survivors is significantly higher than 
survivors in both patients of the general 
department (p<0.00001) and ICU pa-
tients (p<0.0004). It should be noted that 
the values of pro-ADM in ICU patients 
with severe COVID-19 are initially higher 
even in survivors.

Fig. 1. PRISMA Flow diagram



2’ 2023 91
T

he
 m

ai
n 

ch
ar

ac
te

ri
st

ic
s o

f a
rt

ic
le

s i
nc

lu
de

d 
in

 th
e 

m
et

a-
an

al
ys

is

A
ut

ho
r,

Ye
ar

C
ou

nt
ry

Ty
pe

 o
f s

tu
dy

Pe
rio

d
N

um
be

r o
f p

at
ie

nt
s

su
rv

iv
or

s/
de

ce
as

ed
 

(m
or

ta
lit

y 
ra

te
)

D
ep

ar
tm

en
t

A
U

C
(9

5%
 Д

И
)

C
ut

 O
ff

nm
ol

/L
Fi

nd
in

gs

G
re

go
ria

no
 C

. e
t a

l.,
 

Ita
ly

 2
02

1 
[2

9]
Pr

os
pe

ct
iv

e 
O

bs
er

va
tio

na
l

Fe
br

ua
ry

-A
pr

il 
20

20
89 72
/1

7
(1

7.
2)

G
en

er
al

 
de

pa
rtm

en
t

0.
78

0.
93

Pr
o-

A
D

M
 m

m
ea

su
re

d 
da

ily
 d

ur
in

g 
ho

sp
ita

liz
at

io
n 

(ti
ll 

8 
da

y)
In

cr
ea

se
d 

in
 d

ec
ea

se
d 

M
an

gi
on

i D
. e

t a
l. 

Ita
ly

, 2
02

2 
[2

6]
Pr

os
pe

ct
iv

e 
O

bs
er

va
tio

na
l  

Fe
br

ua
ry

-
O

ct
ob

er
 2

02
0

10
0

87
/1

3
(1

3)
G

en
er

al
 

de
pa

rtm
en

t
0.

87
 (0

.7
9–

0.
94

)
1.

04
W

ith
 γ

-in
te

rf
er

on
, i

t p
ro

gn
os

tic
 v

al
ue

w
as

 lo
w.

 P
ro

-A
D

M
 p

ro
gn

os
tic

va
lu

e 
in

cr
ea

se
d 

on
 d

ay
 7

 

In
di

rli
 R

. e
t a

l.,
 It

al
y,

 
20

21
 [2

5]
R

et
ro

sp
ec

tiv
e

O
bs

er
va

tio
na

l
M

ar
ch

- J
un

e 
 2

02
0

11
6

95
/2

1
(1

8.
1)

G
en

er
al

 
de

pa
rtm

en
t

0.
79

1.
00

W
ith

 c
op

ep
tin

, i
t s

ho
w

ed
 p

ro
gn

os
tic

 
eff

ec
tiv

en
es

s

M
én

de
z 

R
. e

t a
l.,

 
Sp

ai
n,

 2
02

1 
[9

]
Pr

os
pe

ct
iv

e
M

ar
ch

- J
un

e 
20

20
21

0
18

3/
27

(1
2.

9)
Em

er
ge

nc
y 

de
pa

rtm
en

t
-

1.
16

W
ith

 p
ro

en
do

th
el

in
, i

t s
ho

w
ed

 c
or

re
la

tio
n

w
ith

 se
ve

rit
y 

an
d 

m
or

ta
lit

y

Lo
 S

as
so

 В
. e

t a
l.,

 
Ita

ly
, 2

02
1 

[1
1]

R
et

ro
sp

ec
tiv

e
O

bs
er

va
tio

na
l

Se
pt

em
be

r- 
O

ct
ob

er
20

20
11

0
96

/1
4

(1
2.

7)
G

en
er

al
 

de
pa

rtm
en

t
0.

95
 (0

.8
6–

0.
99

)
1.

73
Th

e 
hi

gh
es

t p
ro

-A
D

M
 le

ve
l a

m
on

g 
al

l s
tu

di
es

, 
w

id
e 

va
ria

bi
lit

y 
of

 p
ro

-A
D

M
 le

ve
l

de
 G

ua
di

an
a-

R
o-

m
ua

ld
o 

L.
G

. e
t a

l.,
 

Sp
ai

n,
 2

02
1 

[1
0]

Pr
os

pe
ct

iv
e

A
ug

us
t-O

ct
ob

er
 2

02
0

35
9

32
7/

32
(8

.9
)

G
en

er
al

 
de

pa
rtm

en
t

0.
83

2 
(0

.7
7-

0.
89

4)
0.

8
Pr

o-
A

D
M

 le
ve

l h
ad

 c
or

re
la

tio
n

w
ith

 S
O

FA
 sc

or
e 

M
in

ie
ri 

M
.,e

t a
l.,

 
Ita

ly
, 2

02
2 

[2
8]

R
et

ro
sp

ec
tiv

e
O

bs
er

va
tio

na
l

A
pr

il-
D

ec
em

be
r 2

02
0

32
1

22
4/

97
(3

0.
2)

Em
er

ge
nc

y 
de

pa
rtm

en
t

0.
85

1.
10

5
N

IM
V

/IM
V

 n
ee

d 
as

se
ss

ed
  

П
оп

ов
 Д

.А
. и

 д
р.

, 
Ро

сс
ия

, 2
02

0 
[6

]
Pr

os
pe

ct
iv

e 
O

bs
er

va
tio

na
l

M
ay

-J
un

e 
20

20
97 83
/1

4
(1

4.
4)

G
en

er
al

 
de

pa
rtm

en
t

0.
75

 (0
.5

9—
0.

91
)

0.
89

5
Th

e 
hi

gh
es

t p
ro

gn
os

tic
 si

gn
ifi

ca
nc

e 
am

on
g

al
l i

nd
ic

at
or

s

de
 G

ua
di

an
a-

R
o-

m
ua

ld
o 

L.
G

. e
t a

l.,
 

Sp
ai

n,
 2

02
1 

[2
4]

Pr
os

pe
ct

iv
e 

O
bs

er
va

tio
na

l 
M

ar
ch

 - 
A

pr
il 

20
20

99
[1

7]
85

/1
4

(1
4.

1)
G

en
er

al
 

de
pa

rtm
en

t
0.

90
5 

(0
.8

29
-0

.9
55

)
1.

01
Se

pa
ra

tio
n 

be
tw

ee
n 

se
ve

re
 a

nd
 n

on
-s

ev
er

e
Pr

ed
ic

tin
g 

th
e 

pr
og

re
ss

io
n 

of
 th

e 
di

se
as

e

M
oo

re
 N

. e
t a

l.,
 U

K
, 

20
22

 [2
3]

Pr
os

pe
ct

iv
e 

O
bs

er
va

tio
na

l
A

pr
il-

Ju
ne

 2
02

0
13

5
10

5/
30

(2
2.

2)
G

en
er

al
 

de
pa

rtm
en

t
0.

84
4 

(0
.7

76
- 0

.9
12

)
1.

54
O

nl
y 

C
R

P 
an

d 
Pr

o-
A

D
M

 h
ad

 p
ro

gn
os

tic
 v

al
ue

 
am

on
g 

al
l i

nd
ic

at
or

s. 
IC

U
 a

dm
is

si
on

 a
nd

 IM
V

 n
ee

d 
as

se
ss

ed

So
zi

o 
E.

 e
t a

l.,
 In

te
r-

na
tio

na
l 2

02
2 

[1
7]

R
et

ro
sp

ec
tiv

e
M

ar
ch

-A
pr

il 
20

20
12

78
98

6/
29

2
(2

2.
8)

Em
er

ge
nc

y 
de

pa
rtm

en
t

0.
78

6
0.

91
1

Pr
o-

A
D

M
, C

R
P 

an
d 

LD
H

 a
ss

es
se

d 
fo

r 
st

ra
tifi

ca
tio

n 
in

to
 g

ro
up

 - 
ho

sp
ita

liz
at

io
n

ne
ed

 o
r n

ot
 a

nd
 p

oo
r o

ut
co

m
e 

pr
ed

ic
tio

n



YAKUT MEDICAL JOURNAL
92

It’s essential to note significant het-
erogeneity in patients of the infectious 
department (I2=86%) is due to the re-
sults presented by B. L. Sasso [11], in 
which the average values of pro-ADM 
in patients with an unfavorable outcome 
were noticeably higher and amounted 
2.62 nmol/L. In reviewed studies mor-
tality rate in the ICU was high, in three 
studies it exceeded 50% [3, 12, 15]. The 
age median among patients of the gen-
eral department varied 53,3 to 67 years, 
and among ICU patients - 63,3 to 70,9 
years, and male prevailed (in the general 
department were 51,9-65,2%, in the ICU 
were 67,4-87,7%). 

The results of our systematic review 
and meta-analysis confirm the conclu-
sions of other researches, which pres-
ent a significant difference in the values 
of pro-ADM in surviving and deceased 
patients. Thus, in the meta-analysis 
of G. Montruccio et al., the mean dif-
ference of pro-ADM among survivors 
versus non-survivors ICU patients was 
- 0.96 nmol/L (95% CI:-1.26,-0.65, het-
erogeneity I2=0% p<0.00001) [25]. Lippi 
et al. conducted the meta-analysis with 
mixed-unfavorable outcomes (ICU-ad-
mission, renal replacement therapy, inva-
sive mechanical ventilation, acute respi-
ratory distress syndrome, death) and the 
same result was obtained – the mean dif-
ference between unfavorable/favorable 
outcomes was 0.67 nmol/l (95% CI: 0.42-
0.93, heterogeneity I2=81% p<0.001) 
[18]. The meta-analysis by Lampsas et 
al. included studies about endothelial 
dysfunction biomarkers among ICU pa-
tients, also showed the efficiency of the 
pro-ADM (the mean difference between 
the deceased/survivors was 0.71 nmol/L, 
95% CI: 0.22, 1.20 nmol/L, p=0.02) [29].

In addition, pro-ADM were measured 
several times and its increase was not-
ed with the progression of the disease in 
some studies [12, 15, 27, 30]. In all stud-
ies high level of pro-ADM was correlated 
with other severity indicators (high level 
of CRP, LDH, D-dimer, lymphocytopenia) 
and high scores of APACHE II и SOFA 
scales. 

In some studies, other markers in-
vestigated such as γ-interferon [27], co-
peptin [26], proendothelin [9], C-terminal 
proendothelin-1[13], methemoglobin and 
carboxyhemoglobin [22]. In reviewed 
studies pro-ADM mortality prognostic 
value with ROC-analysis were demon-
strated the highest sensitivity and speci-
ficity among other predictors (AUC varied 
0,73 to 0,95). 

Some authors recommended the in-
clusion pro-ADM measurement in the 
required diagnostic complex when a A
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patient is admitted to the hospital. Thus, 
Sozio et al. found the high prognostic 
significance of pro-ADM in predicting 
outcome and making a decision about 
hospitalization in the infectious depart-
ment, they proposed to count pro-ADM 
blood level [17]. Note that there was oth-
er opinions. For example, Zaninotto et al. 
demonstrated no noticeable increase in 
prognostic informativeness with pro-ADM 
addition: the prognostic significance of 
criteria such as age and the index of neu-
trophils to lymphocytes ratio amounted to 

AUC was 0.916 (95% CI 0.853-0.979), 
but pro-ADM AUC was 0.900 (95% CI 
0.827-0.974) [14].

Currently, despite the first positive re-
sults about the high prognostic informa-
tiveness of pro-ADM as an early marker 
of an unfavorable outcome in COVID-19 
compared with other laboratory indica-
tors, the question of it use as a single or 
additional marker remains open.

Conclusion. Results of our me-
ta-analysis indicate prognostic efficiency 
of pro-ADM as an early predictor of the 

unfavorable outcome of COVID-19. De-
termination the level of pro-ADM as a 
promising biomarker with high sensitivity 
and specificity in severity and mortali-
ty prediction seems to be optimal at the 
early stages preferably at the emergency 
department for patients’ stratification ac-
cording to their severity, making a deci-
sion of hospitalization and differentiated 
approach of medical care. 

Of course, the attractiveness of pa-
tients’s stratification by only one highly 
sensitive and specific biomarker is obvi-

Fig. 2. Meta-analysis results and Forest Plot, general department patients. 

Fig. 3. Meta-analysis results and Forest Plot, ICU patients

Fig. 4. Funnel Plot of the meta-analysis for assess publication bias
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ous, it will improve the quality and effec-
tiveness of diagnosis and treatment, as 
well as ensure the economic feasibility 
of the entire treatment process. Howev-
er, further studies are required to select 
such markers in diseases and particular 
in COVID-19. At the same time, it’s nec-
essary to conduct further trials, to com-
pare pro-ADM with other biomarkers, to 
determine the level of its threshold values 
accounting comorbidity, pregnancy and 
other groups of patients.
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