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Abstract 

Background  Beyond its ability to decrease cholesterol, statin medication has been proved to have a variety of pleio-
tropic effects, such as anti-inflammatory and immunomodulatory effects. Statins are an appealing therapeutic option 
for individuals with infective endocarditis because of these effects, as the condition is linked to a strong inflammatory 
response.

Methods  A comprehensive search was done in Medline/PubMed, Cochrane database (CENTRAL), and Google 
Scholar to identify relevant studies reporting outcomes of interest (rate of mortality, intensive care unit admission, 
and embolic events) comparing those who are on statin therapy to nonusers were included. We performed a random 
effect meta-analysis to pool each study’s individual results.

Results  Three articles were included in the study. The pooled results regarding our primary endpoint showed 
there was a significant reduction in mortality among statin users in all time points (1-year mortality: OR 0.69, 95% CI 
0.61–0.79, I2: 0%; Chi2 = 0.01; p < 0.0001). Meta-analysis for the secondary outcome showed statin users are less fre-
quently admitted to the intensive care unit (OR 0.73, 95% CI 0.59–0.90, I2: 0%; Chi2 = 0.00; p = 0.0004). The rate of mor-
tality was significantly lower for those with a previous history of cerebrovascular disease who were on statin therapy 
compared to those without cerebrovascular diseases (CVD).

Conclusions  The results of the present study support a significant association with statin therapy as a potential treat-
ment proposed for individuals at risk of infective endocarditis.

Keywords  Statin, Infective endocarditis, Meta-analysis, Infectious Endocarditis

Background
Infectious endocarditis (IE) is a heart valves affecting 
infection that causes vegetations with increasing the risk 
of abscesses, embolization, and fistulas and destructive 

effects on the tissue [1]. Recent investigations showed 
the burden of infective endocarditis patients is increas-
ing with an annual incidence of 15/100,000 which causes 
a mortality rate of 30% in 330  days among the infected 
patients [2, 3]. The immense burden of this disease could 
be accounted for by the cumulative use of interventional 
strategies and intracardiac devices [4]. There are several 
organisms responsible for causing this situation includ-
ing but not limited to Staphylococcus aureus, strepto-
cocci, and enterococci groups [5]. Viridans streptococci 
(oral streptococci) is the 2nd cause after Staphylococcus 
aureus known for IE [6]. Congenital or acquired cardiac 

*Correspondence:
Arman Shafiee
armanshafieemd@gmail.com
Mahmood Bakhtiyari
mahmood.bakhtiyari@ymail.com
1 School of Medicine, Alborz University of Medical Sciences, Karaj, Iran
2 School of Pharmacy, Shahid Beheshti University of Medical Sciences, 
Tehran, Iran

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43044-024-00495-1&domain=pdf
http://orcid.org/0000-0002-1941-4399


Page 2 of 9Yaghoobi et al. The Egyptian Heart Journal           (2024) 76:70 

defects and episodes of short bacteremia are known as 
risk factors. Clinical trials confirmed the role of antibi-
otic prophylaxis for infective endocarditis in high-risk 
patients before invasive dental procedures to prevent 
from bacteremia caused by dental procedures [7, 8]. The 
prognosis differs with factors such as the valves affected, 
associated comorbidities, the pathogen, and surgery 
necessity [9]. Dangerous consequences following IE such 
as embolic events highlight the importance of investigat-
ing new treatment options, especially those which are 
routinely consumed among patients with cardiovascu-
lar diseases. The anti-inflammatory and antithrombotic 
effects of statin have brought attention to the repurposed 
use of this drug for preventing adverse outcomes among 
IE patients [3].

There is a lack of meta-analysis on the effect of statin 
on infective endocarditis and the risk of mortality, ICU 
admission, and embolic events. Hence, we aimed to pro-
vide a systematic review and meta-analysis to address the 
paucity of evidence by aggregating the published data on 
this topic in a manner of conducting a meta-analysis.

Methods
Our meta-analysis was conducted following the PRISMA 
statement’s recommendations [10].

Literature search and eligibility criteria
We searched Medline/PubMed, Cochrane database 
(CENTRAL), and Google Scholar up to February 5, 
2023, for relevant studies that addressed our study ques-
tion (PICO; P: All patients with IE; I: statin users; C: 
non-statin users; and O: evaluating the comorbid out-
comes). Review articles, case reports/series, and con-
ference abstracts were excluded. The following search 
query was used to retrieve the relevant studies: (“HMG 
CoA Reductase Inhibitor” OR “Statin” OR “HMG-CoA 
Statins”) AND (“Endocarditis” OR “Infective Endocar-
ditis”). Initially, two authors independently reviewed the 
papers’ titles and abstracts. It was followed by a full-text 
screening.

Selection and outcomes
Our primary endpoint was the risk of 1-year mortality. 
The secondary outcomes were intensive care unit (ICU) 
admission and embolic events. Furthermore, we per-
formed a comprehensive set of subgroup analyses for our 
primary endpoint to increase the validity of our findings. 
All original articles comparing previous statin users to 
those who had not used statin which reported outcomes 
of interest were eligible to be included.

Quality assessment and data extraction
For quality assessments, we used the Newcastle–Ottawa 
Quality Assessment Form for Cohort Studies [11]. The 
following data were extracted from the included stud-
ies: author, year, country, type of study, population, total 
patients, age, duration of the cohort, main findings, con-
founding factors adjusted in the analyzed model, and 
quality. Quality assessment was done independently by 
two authors.

Data synthesis
We performed a random effect meta-analysis for pool-
ing the individual results of each study. Odds ratios 
with a 95% confidence interval (CI) were used. We used 
adjusted data in our meta-analysis whenever a study 
balances its effect sizes for covariates. We performed a 
comprehensive set of subgroup analyses of several mod-
erators including age, sex, previous history of cardio-
vascular disease, and previous history of cardiovascular 
surgery for our primary endpoint to increase the validity 
of our findings. All statistical analyses were performed in 
RevMan 5.4. Publication bias was not assessed as there 
were less than 10 effect sizes in our meta-analysis.

Results
Literature search
Our initial search yielded a total of 223 studies from 
Medline/PubMed, Cochrane database (CENTRAL), and 
Google Scholar. After removing duplicates, 171 studies 
remained (Fig. 1). The titles and abstracts of these studies 
were screened, and 27 studies were selected for full-text 
screening. Ultimately, 4 studies met our inclusion criteria 
and were included in the final analysis.

Characteristics
Three studies were included [12–14]. Two were con-
ducted in Asia, and one was conducted in America. One 
article was published recently in 2023, one was pub-
lished in 2019 and the first study was conducted in 2011. 
All studies were observational regarding study design. 
Among the included studies, three studies used a pro-
pensity score-matched analysis [12–14]. The detailed 
characteristic of each study is available in Table 1

Quantitative synthesis
The pooled results regarding our primary endpoint 
showed there was a significant reduction in mortal-
ity among statin users in all time points (1-year mor-
tality: OR 0.69, 95% CI 0.61–0.79, I2: 0%; Chi2 = 0.01; 
p < 0.0001). Meta-analysis for the secondary outcome 
showed statin users are less frequently admitted to the 
intensive care unit (OR 0.73, 95% CI 0.59–0.90, I2: 0%; 
Chi2 = 0.00; p = 0.0004) (Fig.  2). A significant decrease 
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in the mortality rate of statin users was found in all our 
subgroup analyses (Fig.  3). Regarding embolic events, 
there was not adequate information to perform a meta-
analysis. The results of both studies reporting on this 
outcome showed no significant differences between the 
groups regarding the rate of embolic events.

Risk of bias assessment
The results of our quality assessment showed all journal 
articles were of good quality (Table 2).

Discussion
Infective endocarditis is a serious condition that can lead 
to significant morbidity and mortality. Despite advances 
in medical and surgical treatment, the mortality rate 

Records identified through database 
searching

(PubMed=53, Scopus=109, WOS=61 )

Sc
re
en

in
g

In
cl
ud

ed
El
ig
ib
ili
ty

Id
en

tif
ic
at
io
n

Additional records identified 
through other sources

(n = 0 )

Records after duplicates removed
(n = 171 )

Records screened
(n = 171 )

Records excluded
(n = 144 )

Full-text articles assessed 
for eligibility

(n = 27 )

Full-text articles excluded, 
with reasons

(n =24 ):
Review article: n=18

Not meeting inclusion 
criteria: n=5

Conference abstract: n=1Studies included in 
qualitative synthesis

(n =3 )

Studies included in 
quantitative synthesis 

(meta-analysis)
(n = 3 )

Fig. 1  PRISMA flow diagram



Page 4 of 9Yaghoobi et al. The Egyptian Heart Journal           (2024) 76:70 

Ta
bl

e 
1 

Ba
se

lin
e 

ch
ar

ac
te

ris
tic

s 
of

 th
e 

pa
tie

nt
s 

an
d 

st
ud

ie
s 

in
cl

ud
ed

ID
A

ut
ho

r
Ye

ar
Co

un
tr

y
Ty

pe
 o

f s
tu

dy
Po

pu
la

tio
n

To
ta

l p
at

ie
nt

s
A

ge
D

ur
at

io
n 

of
 c

oh
or

t
M

ai
n 

fin
di

ng
s

Co
nf

ou
nd

in
g 

fa
ct

or
s 

ad
ju

st
ed

 in
 th

e 
an

al
yz

ed
 m

od
el

1
Yu

, S
i-Y

eu
ng

 [1
4]

20
23

H
on

g 
Ko

ng
Re

tr
os

pe
ct

iv
e 

pr
op

en
si

ty
 s

co
re

-
m

at
ch

ed
 s

tu
dy

A
ll 

pa
tie

nt
s 

ag
ed

 
18

 y
ea

rs
 o

r o
ld

er
 

w
ith

 n
ew

ly
 d

ia
g-

no
se

d 
in

fe
ct

iv
e 

en
do

ca
rd

iti
s 

(IE
) 

w
ho

 a
tt

en
de

d 
an

y 
ho

sp
ita

ls

67
00

58
.0

 (1
8.

9)
Ja

nu
ar

y 
1,

 1
99

6,
 

an
d 

D
ec

em
be

r 3
1,

 
20

19

Pr
ea

dm
is

si
on

 s
ta

tin
 

us
er

s 
ha

d 
a 

31
%

 
lo

w
er

 ri
sk

 o
f 1

-y
ea

r 
m

or
ta

lit
y 

co
m

-
pa

re
d 

to
 n

on
us

-
er

s, 
w

ith
 a

 h
az

ar
d 

ra
tio

 (H
R)

 o
f 0

.6
9 

an
d 

a 
95

%
 c

on
fi-

de
nc

e 
in

te
rv

al
 (C

I) 
of

 0
.5

8–
0.

82
Pa

tie
nt

s 
w

ho
 

co
nt

in
ue

d 
us

in
g 

st
at

in
s 

in
 h

os
pi

ta
l 

ha
d 

a 
48

%
 lo

w
er

 ri
sk

 
of

 1
-y

ea
r m

or
ta

lit
y 

co
m

pa
re

d 
to

 th
os

e 
w

ho
 d

is
co

nt
in

ue
d 

st
at

in
 u

se
, w

ith
 a

n 
H

R 
of

 0
.5

2 
an

d 
a 

95
%

 C
I 

of
 0

.3
4–

0.
78

A
ge

, s
ex

, s
oc

io
-

ec
on

om
ic

 s
ta

tu
s, 

ce
re

br
ov

as
cu

la
r 

di
se

as
es

, c
hr

on
ic

 
ki

dn
ey

 d
is

ea
se

s, 
co

ng
en

ita
l h

ea
rt

 
di

se
as

es
, d

ia
be

te
s 

m
el

lit
us

, d
ys

rh
yt

hm
ia

s, 
dr

ug
 h

is
to

ry
, h

ea
rt

 
fa

ilu
re

s, 
im

pl
an

te
d 

ca
rd

ia
c 

de
vi

ce
s, 

us
e 

of
 p

ro
st

he
tic

 v
al

ve
s, 

an
d 

m
yo

ca
rd

ia
l i

nf
ar

c-
tio

n



Page 5 of 9Yaghoobi et al. The Egyptian Heart Journal           (2024) 76:70 	

Ta
bl

e 
1 

(c
on

tin
ue

d)

ID
A

ut
ho

r
Ye

ar
Co

un
tr

y
Ty

pe
 o

f s
tu

dy
Po

pu
la

tio
n

To
ta

l p
at

ie
nt

s
A

ge
D

ur
at

io
n 

of
 c

oh
or

t
M

ai
n 

fin
di

ng
s

Co
nf

ou
nd

in
g 

fa
ct

or
s 

ad
ju

st
ed

 in
 th

e 
an

al
yz

ed
 m

od
el

2
Ya

ng
 [1

3]
20

14
Ta

iw
an

Re
tr

os
pe

ct
iv

e 
pr

op
en

si
ty

 s
co

re
-

m
at

ch
ed

 s
tu

dy

A
ll 

pa
tie

nt
s 

w
ho

 
ha

d 
ho

sp
ita

liz
at

io
n 

w
ith

 th
e 

di
ag

no
si

s 
of

 IE

13
,5

84
St

at
in

 u
se

rs
: 6

4.
9 

(1
2.

7)
/n

on
-s

ta
tin

 
us

er
s: 

56
.6

 (1
9.

2)

Ja
nu

ar
y 

20
00

 
an

d 
D

ec
em

be
r 2

01
0

St
at

in
 u

se
rs

 h
ad

 
a 

si
gn

ifi
ca

nt
ly

 lo
w

er
 

ris
k 

of
 in

-h
os

pi
ta

l 
m

or
ta

lit
y 

co
m

pa
re

d 
w

ith
 n

on
us

er
s, 

w
ith

 a
n 

ad
ju

st
ed

 
ha

za
rd

 ra
tio

 (a
H

R)
 

of
 0

.6
5 

an
d 

a 
95

%
 

co
nfi

de
nc

e 
in

te
rv

al
 

(C
I) 

of
 0

.4
9–

0.
86

Th
e 

re
du

ct
io

n 
in

 m
or

ta
lit

y 
w

as
 s

us
-

ta
in

ed
 o

ve
r t

im
e,

 
sh

ow
in

g 
si

gn
ifi

ca
nt

 
de

cr
ea

se
s 

at
 fo

llo
w

-
up

 in
te

rv
al

s:
3 

m
on

th
s: 

aH
R 

0.
68

, 
95

%
 C

I 0
.5

3–
0.

88
6 

m
on

th
s: 

aH
R 

0.
73

, 
95

%
 C

I 0
.5

8–
0.

91
12

 m
on

th
s: 

aH
R 

0.
68

, 
95

%
 C

I 0
.5

5–
0.

84
St

at
in

 th
er

ap
y 

w
as

 a
ls

o 
as

so
ci

at
ed

 
w

ith
 a

 re
du

ce
d 

ris
k 

of
:

A
dm

is
si

on
 to

 in
te

n-
si

ve
 c

ar
e 

un
its

 (I
C

U
)

Sh
oc

k 
ev

en
ts

Th
e 

ne
ed

 
fo

r m
ec

ha
ni

ca
l 

ve
nt

ila
tio

n
H

ow
ev

er
, s

ta
tin

 u
se

 
di

d 
no

t s
ig

ni
fic

an
tly

 
aff

ec
t t

he
 n

ee
d 

fo
r h

ea
rt

 v
al

vu
la

r 
re

pl
ac

em
en

t s
ur

ge
ry

A
dj

us
tm

en
ts

 w
er

e 
m

ad
e 

fo
r c

lin
i-

ca
lly

 re
le

va
nt

 
va

ria
bl

es
 a

nd
 fo

r t
ho

se
 

th
at

 s
ho

w
ed

 a
 s

ta
tis

ti-
ca

lly
 s

ig
ni

fic
an

t d
iff

er
-

en
ce

 b
et

w
ee

n 
th

e 
tw

o 
gr

ou
ps

 a
t b

as
el

in
e



Page 6 of 9Yaghoobi et al. The Egyptian Heart Journal           (2024) 76:70 

Ta
bl

e 
1 

(c
on

tin
ue

d)

ID
A

ut
ho

r
Ye

ar
Co

un
tr

y
Ty

pe
 o

f s
tu

dy
Po

pu
la

tio
n

To
ta

l p
at

ie
nt

s
A

ge
D

ur
at

io
n 

of
 c

oh
or

t
M

ai
n 

fin
di

ng
s

Co
nf

ou
nd

in
g 

fa
ct

or
s 

ad
ju

st
ed

 in
 th

e 
an

al
yz

ed
 m

od
el

3
A

na
ve

ka
r [

12
]

20
11

U
SA

Re
tr

os
pe

ct
iv

e 
pr

op
en

si
ty

 s
co

re
-

m
at

ch
ed

 s
tu

dy

A
du

lt 
pa

tie
nt

s 
w

ith
 a

 d
ia

gn
os

is
 

of
 IE

 w
ho

 p
re

se
nt

ed
 

to
 M

ay
o 

C
lin

ic
 (R

oc
h-

es
te

r, 
M

N
)

28
3

63
.5

 (0
.1

–9
8.

4)
Ja

nu
ar

y 
1,

 2
00

3–
D

ec
em

be
r 3

1,
 2

00
6

A
ft

er
 a

dj
us

tin
g 

fo
r t

he
 p

ro
pe

ns
ity

 
to

 tr
ea

t w
ith

 s
ta

tin
s, 

th
e 

be
ne

fit
 a

tt
rib

ut
-

ab
le

 to
 s

ta
tin

 th
er

ap
y 

w
as

 s
ig

ni
fic

an
t, 

w
ith

 a
n 

od
ds

 ra
tio

 
of

 0
.3

0 
an

d 
a 

95
%

 
co

nfi
de

nc
e 

in
te

rv
al

 
of

 0
.1

4–
0.

62
; 

th
e 

re
su

lt 
w

as
 s

ta
-

tis
tic

al
ly

 s
ig

ni
fic

an
t 

w
ith

 a
 p

-v
al

ue
 

of
 0

.0
01

H
ow

ev
er

, n
o 

si
g-

ni
fic

an
t d

iff
er

en
ce

 
w

as
 o

bs
er

ve
d 

in
 th

e 
pr

op
en

si
ty

-
ad

ju
st

ed
 ra

te
 

of
 6

-m
on

th
 m

or
ta

lit
y 

be
tw

ee
n 

pa
tie

nt
s 

w
ho

 h
ad

 a
nd

 h
ad

 
no

t u
nd

er
go

ne
 

pr
io

r s
ta

tin
 th

er
ap

y,
 

w
ith

 a
 p

-v
al

ue
 o

f 0
.8

7

A
ge

, m
al

e 
se

x 
C

ha
rls

on
 C

om
or

bi
di

ty
 

In
de

x,
 c

or
on

ar
y 

ar
te

ry
 

di
se

as
e,

 m
yo

ca
rd

ia
l 

in
fa

rc
tio

n,
 p

er
ip

he
ra

l 
va

sc
ul

ar
 d

is
ea

se
, 

hy
pe

rt
en

si
on

, h
ig

h 
ch

ol
es

te
ro

l, 
di

ab
et

es
 

m
el

lit
us

, t
hr

om
bo

tic
 

st
at

es
, a

nt
ic

oa
gu

la
tio

n



Page 7 of 9Yaghoobi et al. The Egyptian Heart Journal           (2024) 76:70 	

remains high, particularly in patients with certain comor-
bidities. Therefore, there is a need for novel therapeutic 
strategies to improve outcomes in these patients. Statin 
therapy has been shown to have numerous pleiotropic 
effects beyond its lipid-lowering properties, includ-
ing anti-inflammatory and immunomodulatory effects. 
These effects make statins an attractive therapeutic 
option for patients with infective endocarditis, as the 
condition is associated with a significant inflammatory 
response. The results of our study validate and extend the 
findings reported by Yu et al. [14] with regard to the effi-
cacy of statin therapy on the clinical outcomes of patients 
diagnosed with IE. Here, we found that the rate of all-
cause mortality was significantly decreased at all time 
points among those who used statins. Furthermore, ICU 
admissions also decreased among statin users, which is in 
contrast to those reported by Yu et al. [14]. The results of 
our subgroup analysis were based on pooling the findings 
of two large propensity score-matched cohorts [13, 14]. 
Interestingly, although Yang et al. [13] reported there was 

no significant effect of statin therapy for reducing mortal-
ity in male patients, the results of our subgroup analysis 
showed the significant effect of this drug in both sexes. 
This finding is of high importance since the disease is 
more prevalent among male patients [3]. Similar findings 
were observed after performing subgroup analyses for 
age and previous history of cardiac surgery, which adds 
to the existing evidence regarding different subgroups of 
IE.

The exact mechanism by which statins exert their ben-
eficial effects in patients with infective endocarditis is not 
fully understood. It has been suggested that statins may 
have an anti-inflammatory effect by inhibiting the pro-
duction of pro-inflammatory cytokines and chemokines. 
Additionally, statins may have an immunomodulatory 
effect by enhancing the phagocytic activity of mac-
rophages and neutrophils. In addition to the anti-inflam-
matory, antiplatelet, and immunomodulatory effects 
of statin, the ratio for possible effect of using statins for 
therapeutic purposes in IE patients may lie behind its 

Fig. 2  Forest plot showing the results of primary and secondary endpoints: A 6-month mortality; and B ICU admission

Table 2  Quality assessment (NOS)

Author 1. 
Representativeness 
of the exposed 
cohort

2. Selection 
of the non-
exposed 
cohort

3. Ascertainment 
of exposure

4. Demonstration 
that outcome of 
interest was not 
present at start of 
study

5. Comparability 6. Assessment 
of outcome

7. Was 
follow-up 
long 
enough for 
outcomes 
to occur

8. Adequacy 
of follow-up 
of cohorts

Total

Yu, Si-
Yeung

1 1 1 1 2 1 1 1 9

Yang, T. F 1 1 1 1 1 1 1 1 8

Anavekar, 
N. S

1 0 0 0 1 0 1 0 3
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potential impact in increasing high-density lipoprotein 
(HDL-C) levels, which has reported to be decreased 
in patients with severe infectious diseases [15–17]. In 
a recent study, low HDL-C was proposed as a possible 
predictor for complications, in-hospital mortality, and 
90-day mortality [15]. Therefore, this causal link may be 
to account for the potential positive benefits of statins in 
IE, especially in patients with cardiovascular diseases, as 
our results showed a significantly lower rate of mortal-
ity for those who had a previous CVD and were on statin 
therapy (p = 0.02).

Our study has several strengths that need to be men-
tioned. First, this is the first meta-analysis of the avail-
able evidence regarding statin therapy in IE patients. 
Conducting a meta-analysis to aggregate the previously 
published data is highly needed, especially when there 
is a paucity of information. Second, most of the studies 
included were propensity score-matched observational 
studies and we used the adjusted data for our analyses. 
Propensity score-matched studies are the best alterna-
tives for randomized control trials (RCTs) whenever 
conducting RCTs is difficult both logistically and finan-
cially as we have on this topic.  The main limitation of 
this meta-analysis is its few included studies, resulting 
in the unavailability of adequate data for performing a 
meta-analysis for the rate of embolic events. Thus, future 
research is mandatory in this field to increase the cer-
tainty of evidence regarding the efficacy of statin therapy 
in IE patients. Additionally, the optimal dosing and dura-
tion of statin therapy in patients with infective endocar-
ditis are not well established.

Conclusions
In conclusion, our systematic review and meta-analysis 
suggest that the use of statins in patients with infective 
endocarditis is associated with a lower risk of mortality 
and ICU admission compared to non-statin users. Fur-
ther studies are needed to confirm these findings and to 
determine the optimal dosing and duration of statin ther-
apy in this patient population.
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