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a B S t r a c t
BacKgrouNd: Preliminary data showed that serum albumin (Sa), an acute phase protein with anticoagulant property, 
is inversely associated with thrombotic complications in respiratory syndrome coronavirus 2 (SarS-coV-2) infection 
associated disease (COVID-19). We performed a meta-analysis to corroborate this finding on a large sample population.
mEtHodS: We performed a systematic review and meta-regression analysis of clinical studies reporting data on Sa 
according to the severity of COVID-19 disease. COVID-19 severity was defined as: 1) admission to the Intensive Care 
unit; 2) acute respiratory distress syndrome; or 3) in-hospital death.
rESultS: We included 16 studies with 4,579 patients with SarS-coV-2 infection. mean age was 51.5 years, and 2146 
(44.2%) of patients were women. overall, 1199 (31.3%) of patients had severe coVId-19 (range 5.4% to 72.6%). mean 
Sa level was 37.15 g/l. the pooled analysis showed a mean difference of Sa: -4.06 g/l (95% cI -4.98/-3.15) in severe 
coVId-19 compared to non-severe ones. this difference ranged from -7.10 g/l to 1.09 g/l. at meta regression analysis, 
the difference in Sa levels between severe and non-severe coVId-19 patients was more evident in studies with high d-
dimer (P<0.001) and procalcitonin (P=0.07), suggesting a more Sa reduction in patients with thrombotic/septic disease.
CONCLUSIONS: SA is significantly reduced in severe COVID-19 and associated with elevated D-Dimer. Albumin 
supplementation may be tested as adjunctive therapeutic strategy to reduce the thrombotic risk.
(Cite this article as: menichelli d, di rocco a, del Sole f, Pignatelli P, Vestri a, Violi f, et al. Serum albumin, clotting 
activation and coVId-19 severity: a systematic review and meta-regression analysis of 4579 patients. Ital J Emerg med 
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low serum albumin (Sa) levels have been 
associated with an increased risk of cardio-

vascular events both in primary and secondary 
prevention clinical settings.1, 2 circulating Sa 
levels may be reduced as a consequence of im-
paired liver synthesis, increased urinary excre-

tion, or in patients with acute/chronic inflamma-
tion.3

the relationship between Sa and cardiovas-
cular disease relies on the role of albumin as 
modulator of the clotting system4 and platelet 
activation.5, 6 other studies have also highlighted 
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analyzing the differences of this analytes levels 
between patients with and without severe co-
VId-19 disease.

Eligibility criteria

We included in the research strategy only ran-
domized clinical trials, prospective or retrospec-
tive cohort studies that reported albumin levels 
and severity degree of the SarS-coV-2 infec-
tion at the baseline, while were excluded from 
this research case series, case reports, cross sec-
tional studies, review, and studies without base-
line levels of Sa. only publications involving 
humans and written in English language with 
full text available were included in the metanaly-
sis. For further information see PRISMA flow 
diagram in Supplementary digital material 1: 
Supplementary figure 1.

Information sources

The studies were identified by searching elec-
tronic databases. this search was applied to 
Pubmed, ISI Web of Science, Scopus and co-
chrane database. the last search was run on april 
23. reference lists of all studies included in the 
present metanalysis were screened for potential 
additional eligible studies.

Database search

two investigators (fdS and dm) independently 
searched in the electronic databases combin-
ing the following text terms and meSH terms: 
“coVId-19” [all fields] or “SarS-coV-2” 
[all fields] or “2019-ncoV” [all fields] aNd 
“albumin” [all fields] or “serum albumin” [all 
Fields]. PRISMA flow diagram is reported in 
Supplementary digital material 1: Supplemen-
tary figure 1.

Studies analysed in the selection phase were 
frequently retrospectives and often involved a 
low number of patients. furthermore, a lot of 
studies included in our meta-analysis had a chi-
nese cohort that may not show the same charac-
teristics of a caucasian cohorts.

Study selection and quality assessment

two authors (fdS and dm) independently re-
viewed titles and abstracts generated by search. 

the association between hypoalbuminemia and 
mortality in critically ill and septic patients.7

along with other clinical and biochemical 
variables,8 also levels of Sa have been recently 
investigated in studies including patients suf-
fering from the novel severe acute respiratory 
syndrome coronavirus 2 (SarS-coV-2) infec-
tion associated disease (coVId-19).9 Sa has 
been shown to be a contributing factor for a pro-
thrombotic phenotype complicating the clinical 
course of coVId-19 patients,10 as suggested by 
the inverse correlation with d-dimer, and a sig-
nificant association with thrombosis-related vas-
cular disease, which was more evident in patients 
with Sa<35 g/l; of note, patients with similarly 
reduced Sa were also more likely to experience 
complications as in-hospital death.11

due to the potential relevance of albumin as 
anti-inflammatory, antioxidant and anticoagu-
lant protein, analysis of Sa predictors would be 
of interest. as a previous study on a small series 
reported that severe coVId-19 was associated 
with low albumin levels,9 we investigated the 
robustness of such association in a larger popu-
lation. furthermore, we analyzed the factors af-
fecting low Sa according to the severity of the 
disease.

Materials and methods

We performed a systematic review and meta-
analysis of literature including all studies that en-
rolled patients with coVId-19 to investigate the 
association between Sa and coVId-19 sever-
ity. COVID-19 severity was defined as the pres-
ence of 1 of the following criteria: 1) admission 
to the Intensive care unit (Icu); 2) developing 
of acute respiratory distress syndrome (ardS); 
and 3) in-hospital death. to evaluate the role of 
Sa in coVId-19 severity we compared mean 
Sa concentrations in patients with and without 
severe coVId-19 manifestations.

In each study we collected data about age, fe-
male sex, white blood cells (WBc) count, lym-
phocytes count, platelet count (Plt), aspartate 
aminotransferase (aSt), alanine aminotransfer-
ase (alt), creatinine, creatinkinase, lactate de-
hydrogenase (ldH), d-dimer, c-reactive pro-
tein (crP), procalcitonin (Pct) serum levels, 
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modeling study-level characteristics using uni-
variable meta-regression. following potential 
modifiers were assessed: age, sex, ALT, AST, D-
dimer, cK, Pct, white blood cells and lympho-
cytes, platelet count, ldH crP, and creatinine.

results of meta-regression were summarized 
by means of bubble plots, with bubbles propor-
tional to the inverse variance of each study and 
trends estimated through non-parametric local 
polynomial regression. funnel-plots, Egger’s 
regression test19 were used to assess publication 
bias. all meta-analytic calculations were made 
using r 3.6.3 (IBm; armonk, Ny, uSa). all sig-
nificance tests were 2-tailed, with P<0.05 consid-
ered statistically significant.

Results

We included a total of 16 studies with 4579 
patients with SarS-coV-2 infection (table 
I).12-15, 20-31 mean age was 51.5 years, rang-
ing from 32.96 to 69.83 among studies; 2146 
(44.2%) of patients were women.

overall, 1199 (31.3%) of patients had severe 
coVId-19. the proportion of severe patients 
ranged from 5.4% in the cohort by Huang et 
al., to 72.6% in the study by Violi et al. (table 
I).12-15, 20-31

mean Sa level was 37.15 g/l. In all studies Sa 
levels were lower in patients with a severe dis-
ease, with the exception of Zhou et al.; however, 

Studies were excluded if the title and/or abstract 
showed that the papers did not meet the selection 
criteria of our meta-analysis. for potentially eli-
gible studies or if the relevance of an article could 
not be excluded with certitude, we procured the 
full text. disagreements were resolved by dis-
cussion between fdS and dm; if no agreement 
reached, a third author (dP) decided. the qual-
ity of observational studies was assessed by the 
Newcastle–Ottawa scale. Studies with a score ≥7 
were considered of good quality. Quality assess-
ment of each study is reported in Supplementary 
digital material 1: Supplementary table I.

Statistical analysis

data were reported as means with standard devi-
ation (Sd). When data were reported as median 
and interquartile range,12-15 means and Sd were 
approximately estimated by means of the meth-
od described by Wan et al.16 mean differences 
(md), and their standard error were calculated.

the proportion of variability in point esti-
mates attributable to between-study heterogene-
ity was quantified by the I2 statistic17 and inter-
preted qualitatively as low (25-50%), moderate 
(50-75%), and high (75-100%)18 Heterogeneity 
was also examined using τ2 and Cochrane Q sta-
tistics. given heterogeneity across trials, derSi-
monian-laird random effects model was used.

Statistical heterogeneity was explored by 

Table I.—� Studies included in the systematic review and metanalysis.

Study Study 
design

Study 
population age Women 

(N.)
Women 

(%)
albumin 

(g/l)
Severe patients 

(N.)
Severe patients 

(%)

Huang et al.12 P 41 49.00 11 26.8 31.40 13 31.7
Zhou et al.13 r 191 56.00 72 37.7 32.30 54 28.3
Wu et al.14 r 201 51.00 73 36.3 32.75 84 41.8
mo et al.15 r 155 54.00 69 44.5 38.00 85 54.8
Zhang et al.20 r 115 49.52 66 57.4 38.79 31 27.0
liu et al.21 P 78 38.00 39 50.0 40.47 11 14.1
gong et al.22 r 189 47.74 88 46.6 38.87 28 14.8
Zhou et al.23 r 17 41.71 11 64.7 45.23 5 29.4
Violi et al.24 P 73 67.10 14 19.2 31.70 53 72.6
Bonetti et al.25 r 144 69.83 49 34.0 35.58 70 48.6
Huang et al.26 r 2623 62.38 1300 49.6 35.47 615 23.4
Huang et al.27 r 299 53.40 139 46.5 37.30 16 5.4
Ji et al.28 r 157 51.00 53 33.8 37.00 69 43.9
deng et al.29 r 65 32.96 29 44.6 41.89 12 18.5
yao et al.30 r 108 52.00 65 60.2 38.60 25 23.1
Zhou et al.31 r 123 37.00 68 55.3 41.96 28 22.8
P: Prospective; r: retrospective.
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more, the difference in Sa was more evident in 
studies with high d-dimer (P<0.001 at sensitiv-
ity analysis) and Pct (P=0.07) (figure 2).

finally, no difference according to WBc 
count, lymphocyte, crP, ldH, cK, and platelet 
count was found (figure 2).

Discussion

our analysis shows that serum albumin levels 
are reduced in patients with severe coVId-19 
patients, as compared to non-severe ones and are 
associated with coagulopathy.

the study supports and extends our previous 
report showing that Sa is reduced in coVId-19: 
thus, in the entire population Sa levels were 

this study was the one with the smallest sample 
size (N.=17). the pooled analysis showed a 
difference of mean difference of Sa: -4.06 g/l 
(95% cI: -4.98/-3.15) in severe coVId-19 com-
pared to non-severe ones. this difference ranged 
from -7.10 g/l in the study by Huang J to 1.09 in 
the study by Zhou et al. (figure 1).12-15, 20-31

Meta-regression analysis

table II reports mean values of variables used for 
meta regression analysis according to the sever-
ity of the disease. We found that the difference in 
Sa levels between severe and non-severe patients 
was independent of age, proportion of women, 
aSt, alt, and creatinine (figure 2). further-

figure 1.—forest and funnel plots for the mean difference in albumin serum levels between severe and non-severe co-
VId-19 patients.12-15, 20-31

Table II.—� Biochemical characteristics of patients according to the severity of disease.
Variable Number of studies Severe Non-severe

White blood cells (N./mm3) 13 6.74±2.27 4.74±0.67
lymphocytes (N./mm3) 13 0.79±0.24 1.18±0.14
Platelet count (×103/µl) 11 173.31±17.38 184.85±18.18
aSt (u/l) 12 37.03±10.9 24.67±7.58
alt (u/l) 14 26.96±9.18 21.87±4.24
creatinine (mg/dl) 12 0.95±0.24 0.80±0.12
ldH (mg/dl) 11 384.76±118.02 226.17±49.22
d-dimer (µg/ml) 12 2.29±2.88 0.76±0.46
crP (mg/l) 13 74.14±44.61 18.36±17.6
Procalcitonin (ng/ml) 8 0.12±0.085 0.12±0.075
creatinkinase (u/l) 8 39.95±96.11 33.48±67.78

 Severe   Not severe  
Study	 Total	 Means	 SD	 Total	 Mean	 SD	 Mean	difference	 MD	 95%	CI	 Weight

Huang et al. 13 27.90 6.6000 28 34.70 4.5500  -6.80 [-10.76; -2.84] 3.3%
Zhou et al. 54 28.97 3.5600 137 33.53 4.3000  -4.56 [-5.75; -3.37] 7.7%
Wu et al. 81 30.30 4.5900 117 33.65 3.9600  -3.35 [-4.57; -2.13] 7.6%
Mo et al. 85 36.00 5.9300 70 39.00 4.4400  -3.00 [-4.63; -1.37] 6.9%
Zhang et al. 31 34.40 4.1100 84 40.41 3.2400  -6.01 [-7.61; -4.41] 6.9%
Liu et al. 11 36.62 6.6000 67 41.27 4.5500  -4.65 [-8.70; -0.60] 3.2%
Gong et al. 28 34.20 5.1000 161 39.70 4.3000  -5.50 [-7.50; -3.50] 6.2%
Zhou et al. 5 46.00 3.2400 12 44.91 2.9700  1.09 [-2.21; 4.39] 4.1%
Violi et al. 53 30.90 4.5000 20 33.60 5.9000  -2.70 [-5.56; 0.16] 4.7%
Bonetti et al. 70 34.10 3.0400 74 36.53 4.0700  -2.43 [-3.60; -1.26] 7.7%
Huang et al. 615 31.05 4.7000 2008 36.73 5.3500  -5.68 [-6.12; -5.24] 8.7%
Huang et al. 16 30.50 4.0000 283 37.60 6.2000  -7.10 [-9.19; -5.01] 6.0%
Ji et al. 69 34.54 9.9300 88 39.40 4.1500  -4.86 [-6.13; -3.59] 7.5%
Deng et al. 12 40.90 3.1900 53 42.00 3.0700  -1.10 [-3.09; 0.89] 6.2%
Yao et al. 25 34.26 4.0000 83 39.63 3.5600  -5.37 [-7.12; -3.62] 6.7%
Zhou et al. 28 40.40 4.4800 95 42.42 4.8200  -2.02 [-3.94; -0.10] 6.4%

Random	effects	model	 1199	 	 	 3380	 	 	 	 -4.06	 [-4.98;	-3.15]	 100.0%
Heterogeneity l2 = 83%, τ2 = 2.4586, P<0.01

 -10 -5 0 5 10

Th
is

 d
oc

um
en

t i
s 

pr
ot

ec
te

d 
by

 in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

 N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
. I

t i
s 

pe
rm

itt
ed

 fo
r p

er
so

na
l u

se
 to

 d
ow

nl
oa

d 
an

d 
sa

ve
 o

nl
y 

on
e 

fil
e 

an
d 

pr
in

t o
nl

y 
on

e 
co

py
 o

f t
hi

s 
Ar

tic
le

. I
t i

s 
no

t p
er

m
itt

ed
 to

 m
ak

e 
ad

di
tio

na
l c

op
ie

s 
(e

ith
er

 s
po

ra
di

ca
lly

 
or

 s
ys

te
m

at
ic

al
ly,

 e
ith

er
 p

rin
te

d 
or

 e
le

ct
ro

ni
c)

 o
f 

th
e 

Ar
tic

le
 f

or
 a

ny
 p

ur
po

se
. 

It 
is

 n
ot

 p
er

m
itt

ed
 t

o 
di

st
rib

ut
e 

th
e 

el
ec

tro
ni

c 
co

py
 o

f 
th

e 
ar

tic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tra

ne
t 

fil
e 

sh
ar

in
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

 m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 th
e 

Ar
tic

le
. T

he
 u

se
 o

f a
ll 

or
 a

ny
 p

ar
t o

f t
he

 A
rti

cl
e 

fo
r 

an
y 

C
om

m
er

ci
al

 U
se

 is
 n

ot
 p

er
m

itt
ed

. T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 fr

om
 th

e 
Ar

tic
le

 is
 n

ot
 p

er
m

itt
ed

. T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

 n
ot

 p
er

m
itt

ed
. I

t i
s 

no
t p

er
m

itt
ed

 to
 r

em
ov

e,
 

co
ve

r, 
 o

ve
rla

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rti
cl

e.
 I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fra

m
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tra

de
m

ar
k,

 lo
go

, 
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



SErum alBumIN aNd coVId-19 mENIcHEllI

Vol. 10 - No. 1 ItalIaN JourNal of EmErgENcy mEdIcINE 21

of albumin (up to 300%) due to an increased 
capillary permeability has been described during 
acute inflammatory status.32 furthermore, pro-
inflammatory interleukins like IL-6 and TNF-α 
induce a shift toward an increased transcription 
of mrNa of crP instead of albumin in differ-
ent clinical settings.33, 34 In addition to reduced 
synthesis, albumin is consumed in conditions of 
increased oxidative stress such as acute inflam-
mation, as it acts as scavenger of free radical oxi-
dant species.35 finally, albumin reduction may be 
caused by an increased rate of albuminuria sec-
ondary to systemic infectious disease;36 despite 
creatinine did not influence serum albumin in our 
analysis, such possibility cannot be excluded.

In a previous study, including coVId-19 pa-
tients, we have reported that low Sa is associ-
ated with elevated d-dimer, suggesting that this 
change may negatively influence clinical out-
comes by enhancing the thrombotic risk;24 thus, 
albumin behaves as an antithrombin-like mol-
ecule and lower platelet aggregation in virtue of 
its antioxidant property. the present study show-
ing that Sa difference increased with the level 
of d-dimer reinforces the evidence that a more 

37.15 g/l with a marked difference between 
patients with severe and non-severe disease. of 
note, we found 4 g/l difference between patients 
with severe versus non-severe coVId-19, which 
may be clinically relevant as this decrease of Sa 
is associated with a combined risk ratio of 1.5 for 
coronary heart disease.2

to investigate potential factors affecting Sa 
levels, we performed meta-regression analy-
sis using demographic characteristics and some 
common laboratory variables used in clinical 
practice. We did not find any association between 
Sa difference and the proportion of women, 
mean age and liver serum enzymes. this latter 
finding is of clinical interest as it suggests that 
the difference of Sa between severe and non-se-
vere patients is not related to a concomitant acute 
liver damage. conversely, Sa tended to be lower 
in patients with high Pct patients, suggesting 
that bacterial over-infection/sepsis of coVId-19 
is associated with low albumin levels. this is 
consistent with the fact that albumin is an acute 
phase protein and therefore its distribution and 
structure are rapidly modified in critically ill pa-
tients. thus, an increasing transcapillary escape 

figure 2.—Bubble plots of factors potentially affecting the difference in serum albumin levels.
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in meta-analysis detected by a simple, graphical test. BmJ 
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impairment in coVId-19 patients: a retrospective analysis of 
115 cases from a single centre in Wuhan city, china. liver Int 
2020;40:2095–103. 
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analysis of factors associated with disease outcomes in hos-
pitalized patients with 2019 novel coronavirus disease. chin 
med J (Engl) 2020;133:1032–8. 
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tool for Early Prediction of Severe coronavirus disease 
2019 (coVId-19): a multicenter Study using the risk No-
mogram in Wuhan and guangdong, china. clin Infect dis 
2020;71:833–40. 
23. Zhou y, Zhang Z, tian J, Xiong S. risk factors associated 
with disease progression in a cohort of patients infected with 
the 2019 novel coronavirus. ann Palliat med 2020;9:428–36. 
24. Violi f, ceccarelli g, cangemi r, alessandri f, d’Ettorre 
g, oliva a, et al. Hypoalbuminemia, coagulopathy, and Vas-
cular disease in coVId-19. circ res 2020;127:400–1. 
25. Bonetti g, manelli f, Patroni a, Bettinardi a, Borrelli g, 
fiordalisi g, et al. laboratory predictors of death from coro-
navirus disease 2019 (coVId-19) in the area of Valcamonica, 
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pronounced reduction of albumin is evident in 
coVId-19 patients with a pro-thrombotic phe-
notype.

Limitations of the study

our analysis has limitations and implications. all 
studies reported values of Sa at admission, so we 
do not know if changes of Sa values occurring 
during in-hospital staying may be associated 
with worse prognosis. furthermore, no study re-
ported data on albuminuria, so we cannot explore 
if systemic hypo-albuminemia is secondary to 
increased urinary excretion of albumin.

Conclusions

The significant reduction of SA in severe CO-
VId-19 patients suggests a potential usefulness 
of its administration to lower inflammation and 
eventually the thrombotic risk in coVId-19 pa-
tients. In conclusion, Sa levels are reduced in pa-
tients with severe coVId-19. albumin supple-
mentation could represent an adjunctive strategy 
to improve the prognosis of coVId-19 patients.
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