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A B S T R A C T

We examined the precise association between IL-10 levels and cardiovascular disease (CVD) prognosis and
explored the pleiotropic role of IL-10 in different cardiac pathologies. We performed a meta-analysis of cross-
sectional and longitudinal studies investigating IL-10 levels. Meta-regression analyses were used to determine
the cause of the discrepancies. To assess publication bias, funnel plots were constructed, and Egger’s tests were
performed. Data from the GSE58015 dataset were used to investigate the levels of IL-10 under certain conditions.
Because of substantial heterogeneity in the data used to compare the IL-10 levels between patients with CVD and
healthy people, we could not determine the differences between the healthy controls and patients with ischemic
or nonischemic pathologies (p > 0.05). The analysis of the association between IL-10 levels and CVD prognosis
indicated that higher IL-10 levels were significantly associated with a poor prognosis in patients with non-
ischemic pathologies (HR = 1.10, 95% CI = 1.00–1.20, p = 0.043) but differentially associated with the prog-
nosis of patients with ischemic pathologies based on the sampling time point (before percutaneous coronary
intervention (PCI): HR = 4.90, 95% CI = 1.24–19.30, p < 0.001; after PCI: HR = 0.57, 95% CI = 0.43–0.75,
p = 0.023). The meta-regression analysis showed that the pooled HR of the IL-10 levels was positively correlated
with the IL-10/IL-6 ratio (β = 0.644, p = 0.024). The funnel plots and Egger’s tests revealed no statistically
significant bias in our meta-analysis (p > 0.1). Furthermore, our data mining analysis supported our findings.
Our analysis showed that IL-10 levels may be pleiotropically associated with the CVD prognosis possibly based
on the type of pathology, disease stage and levels of other proinflammatory factors, such as IL-6.

1. Introduction

Cardiovascular disease (CVD) is the greatest cause of human mor-
tality and morbidity worldwide. The most common cardiovascular
pathologies leading to morbidity and death are ischemic heart disease
and myocardial infarction. Furthermore, different types of cardiomyo-
pathies leading to heart failure are considered to contribute to cardio-
vascular mortality. Recently, accumulating evidence has shown that the
inflammatory response is closely related to the development, progres-
sion, and prognosis of various cardiovascular conditions, most notably
coronary atherosclerosis and congestive heart failure [1–4]. The in-
flammatory and postinflammatory phases are characterized by widely
changing cytokine profiles; these changes involve both anti-in-
flammatory and proinflammatory processes [5,6]. Cytokines have been

reported to exert a marked and varying influence on the cardiovascular
system [7]. Extensive research has provided clear evidence that dif-
ferent cytokines, including TNF-α, TGF-β and various interleukins, are
involved in different pathological states in the heart, such as acute
myocardial infarction (AMI) and heart failure, and cardiomyopathies of
different origins [8–10].

IL-10 is one of the most important anti-inflammatory cytokines and
is produced mainly by Th2 cells, macrophages, B cells, and monocytes
[11]. Many previous studies have investigated the role of IL-10 in CVD
as IL-10 can inhibit the secretion of proinflammatory cytokines, such as
TNF-α, IL-1 and IL-6, thus exerting anti-inflammatory effects [12–14].
However, in recent reports, IL-10 seems to play a dual role in heart
disease because it exerts deleterious profibrotic effects in a chronic
disease setting but potentially benefits inflammation resolution and
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wound healing [15,16]. Moreover, the changes in and the risk asso-
ciated with IL-10 in various cardiac pathologies remain unclear due to
extremely contradictory reports. The existing data differ and are even
contradictory among different studies. Thus, the need for a meta-ana-
lysis to determine the sources of heterogeneity and clarify the role of IL-
10 in CVD is urgent.

In this study, we collected relevant studies and performed a sys-
tematic review and meta-analyses to comprehensively investigate the
role of IL-10 in individuals with CVD. Subsequently, we aimed to
identify conflicting results and analyze the underlying causes. Thus, our
study may contribute to the existing literature.

2. Methods

The protocol was registered in PROSPERO (No. 107250).

2.1. Literature search strategy

In our study, we aimed to detect the changes in IL-10 levels in pa-
tients with CVD and determine the risk associated with IL-10 levels
among patients with CVD. Systematic literature searches were con-
ducted using 3 international electronic databases (PubMed, Embase and
Web of Science) and 3 Chinese literature databases (CNKI, Wanfang,
and VIP). All relevant articles were published before January 15, 2018.
Only publications with sufficient data were included in the assessment.
We used two search strategies in our analysis. The following search
terms were used to identify articles comparing IL-10 levels between
patients with CVD and heathy controls: [IL-10 OR IL 10 OR Interleukin-
10 OR Interleukin 10] AND [Heart OR Cardiac OR Cardiovascular OR
Coronary OR Infarction] AND [Health OR Healthy]; the following
search terms were used to identify articles evaluating the risk associated
with IL-10 levels in patients with CVD: [IL-10 OR IL 10 OR Interleukin-
10 OR Interleukin 10] AND [Heart OR Cardiac OR Cardiovascular OR
Coronary OR Infarction] AND [prognosis OR prognostic].

To identify additional potentially relevant publications, the related
references of all retrieved articles and reviews were manually searched.
All data were included in the quality assessment and selection phase.

2.2. Study selection

We included original references published in any language. Eligible
studies comparing IL-10 levels between cases and healthy controls had
to measure IL-10 levels in individuals with CVD and a comparison
group of healthy controls. Eligible studies investigating the IL-10 risk
had to have adopted a cohort design with a risk value as an endpoint
(OR or HR) with 95% confidence intervals (CIs). In addition, if the
study populations were reported more than once and the outcome was
the same, we used the results with the longest follow-up duration.

The following studies were excluded: (i) case reports or case series
(N < 10), (ii) studies measuring mediators in specimens/tissues other
than blood, (iii) animal studies, and (iv) studies with insufficient data
for subsequent analysis. After the exclusion of duplicate studies, two
investigators (Shi-Hao Ni and Lu Lu) independently reviewed all re-
maining articles by the titles and abstracts, followed by reviewing the
full texts.

2.3. Data extraction and quality assessment

From the studies comparing the IL-10 levels between patients and
healthy controls, we extracted the following data: (i) first author, (ii)
publication year, (iii) region, (v) age (mean ± SD), (vi) number of
participants, (vii) sample source, (viii) sampling time, and (ix) cardiac
pathology. From the studies investigating the risk of CVD associated
with IL-10 levels, we extracted the above-mentioned parameters; fur-
thermore, we obtained the IL-10/IL-6 and IL-10/C-reactive protein
(CRP) ratios by calculating the mean values and extracted the follow-up

time, endpoint events and information regarding whether the results
were adjusted. If the studies provided only the median IQR or median/
range, we estimated the means and SDs following a standard method
[17].

The prospective cohort studies were subjected to a quality assess-
ment, which was performed according to the Newcastle–Ottawa
Quality Assessment Scale, which is a validated scale for non-rando-
mized studies in meta-analyses. This scale awards a maximum of 9
points to each study as follows: 4 points for selection of participants and
measurement of exposure, 2 points for comparability of cohorts based
on the design or analysis, and 3 points for the assessment of outcomes
and adequacy of follow-up. We assigned the scores of 0–3, 4–6 and 7–9
to the low, moderate and high quality studies, respectively.

2.4. Statistical analysis

To pool the mean differences in the IL-10 levels, we calculated the
standardized mean difference (SMD) by Hedges’ method to accurately
approximate the bias. To pool the risk associated with the IL-10 levels,
we used a generic method for meta-analyses based on inverse variance
weighting that requires only the log HRs and standard error according
to Greenland and Longnecker’s method. The HRs and 95% CIs were
considered the effect size in all studies. The heterogeneity of the effect
size was evaluated using Cochran’s Q and I-squared statistics. A fixed
effects model was used if the values were Q > 0.05 and I-squared <
50%; otherwise, a random effects model was used. We used Begg’s
funnel plots and Egger’s test to investigate the publication bias of our
meta-analysis. To explore the sources of heterogeneity, we performed a
meta-regression analysis with weight dependence.

The statistical analysis was performed using IBM SPSS Statistics
(version 18) and R statistical software (version 3.4.0; meta and metafor
packages).

3. Results

3.1. Study selection

3.1.1. Studies comparing IL-10 levels between patients with CVD and
healthy controls

Following the removal of duplicate studies, the titles/abstracts of
127 unique references were screened for eligibility. In total, 113 re-
ferences were excluded; 14 original studies providing data from 1858
participants (1343 participants with CVD and 515 healthy controls) met
the inclusion criteria. Fig. 1A shows the PRISMA flowchart of the study
selection. Of the included studies, 9 studies were conducted in China, 2
studies were conducted in Europe (Greece and Italy), 1 study was
conducted in the United States, 1 study was conducted in Australia, and
1 study was conducted in Taiwan. The age of the participants ranged
from 20 to 89 years. The CVD pathologies of the patients included heart
failure, acute coronary syndrome, and hypertrophic cardiomyopathy.
The main characteristics of the selected studies are summarized in
Table 1.

3.1.2. Studies investigating the relationship between IL-10 levels and CVD
prognosis

In total, 85 relevant published articles were identified following the
aforementioned retrieval strategy. After review, 70 of these publica-
tions were excluded; 15 relevant published articles were identified and
selected for our meta-analysis (Fig. 1B). The included studies enrolled a
total of 4033 CVD patients. Of the included studies, 12 studies were
European trials (Germany, Greece, the Netherlands, Norway, Italy, and
Denmark), and 3 studies were East Asian trials (China, Japan, and
Taiwan). All studies included patients with CVDs and records of adverse
events during follow-up. The mean age of the participants tested to
determine their IL-10 level ranged from 31 to 98 years. The follow-up
time ranged from 24 h to 6 years. The prognostic value of IL-10 in all
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studies was adjusted in at least one regression model. The quality score
of thirteen included studies was 8, and that of three studies was 7. The
main characteristics of the included studies are summarized in Table 2.

3.2. Difference in IL-10 levels between patients with CVD and healthy
controls

Using a crude analysis of all cardiac pathologies, we could not find a
difference in the IL-10 levels between the patients and healthy controls
since the pooled SMD was not statistically significant (SMD = −0.21,
95% CI = −1.01 to 0.95, p = 0.607, Fig. 2A). The data were highly
heterogeneous (I-squared = 98%, p < 0.01). In the subgroup analysis,
the IL-10 levels did not differ between the patients with ischemia and
the healthy controls (SMD = −0.17, 95% CI = −2.17 to 1.82,
p = 0.628) or between the nonischemia patients and the healthy con-
trols (SMD = −0.22, 95% CI = −1.12 to 0.67, p = 0.865). Further-
more, the heterogeneity did not decrease in the subgroup analysis
(ischemia vs. healthy: I-squared = 98%, p < 0.01; nonischemia vs.
healthy: I-squared = 98%, p < 0.01). The meta-regression analysis
showed no correlation between the SMD and the age of the participants
(p > 0.05, Fig. 2B). Therefore, the changes in the IL-10 levels in the

cardiac pathologies remain quite controversial, and a larger, more
rigorous experiment is needed to address this problem.

3.3. Association between IL-10 levels and CVD prognosis

The crude analysis of the prognostic value of IL-10 indicated that
the IL-10 level is not associated with the risk of adverse events in pa-
tients with ischemic CVD (HR = 0.95, 95% CI = 0.75–1.19, p = 0.639,
Fig. 3A). In addition, the data were highly heterogeneous (I-
squared = 85%, p < 0.01). However, in the subgroup analysis, higher
IL-10 levels before PCI were associated with a better prognosis in pa-
tients with an ischemic pathology (HR = 0.57, 95% CI = 0.43–0.75,
p = 0.023), while higher IL-10 levels after PCI were positively corre-
lated with a poor prognosis in patients with an ischemic pathology
(HR = 4.9, 95% CI = 1.24–19.30, p < 0.001). The heterogeneity in
the subgroup analysis decreased after adjusting for the sampling time
point of the IL-10 detection (Crude pool: I-squared = 85%, p < 0.01;
before PCI: I-squared = 0%, p = 0.45; after PCI: I-squared = 82%,
p < 0.01). In the analysis of the risk associated with IL-10 in patients
with nonischemic heart disease, higher IL-10 levels were significantly
associated with the risk of adverse events (HR = 1.10, 95%

Fig. 1. Flow chart of the included studies: (A) evaluation of the differences in IL-10 levels between patients with CVD and healthy controls and (B) association
between IL and 10 levels and prognosis in patients with CVD.

Table 1
Characteristics of the studies comparing IL-10 levels between patients with CVD and healthy controls.

Study Year Ref. Region Age (1) Sample size Source Sampling time Cardiac pathology

Tian, X. et al. 2011 [47] China 54.8 ± 9.9 99 IL-10+ T cells Before treatment Chronic heart failure
Gong, K. et al. 2006 [48] China 62.4 ± 9.1 80 Plasma Before treatment Chronic heart failure
Zhu, H. J. et al. 2014 [49] China 70.8 ± 8.6 117 Serum Before treatment Ischemic cardiomyopathy
Chen, H. Q. et al. 2010 [50] China 66.6 ± 4.7 130/118 Plasma Before treatment Acute coronary syndrome/stable angina pectoris
Yip, H. K. et al. 2007 [40] Taiwan 60.5 ± 12 270 Plasma Before treatment ST segment elevation AMI
Fink, A. M. et al. 2012 [51] U.S. 59.8 ± 2.6 84 Plasma Before treatment Chronic heart failure
Valgimigli, M. et al. 2005 [52] Italy 64.2 ± 11.1 229 Serum Baseline Chronic heart failure
Fang, L. et al. 2017 [38] Australia 48.1 ± 13.3 70 Plasma Baseline Hypertrophic cardiomyopathy
Efthimiadis, I. et al. 2011 [53] Greece 47.2 ± 11.2 32 Plasma Baseline Dilated cardiomyopathy
Xu, J. et al. 2002 [54] China 66.2 ± 7.6 70 Serum Before treatment Chronic heart failure
Chen, H. et al. 2005 [55] China 69.4 ± 5.7 106 Serum Before treatment Chronic heart failure
Li, B. et al. 2004 [56] China 54.3 ± 11.4 132 Plasma Before treatment Chronic heart failure
Gao, Y. et al. 2003 [57] China 59.4 ± 9.8 55 Serum Before treatment Chronic heart failure
Luo, J. et al. 2018 [58] China 74.6 ± 9.2 266 Serum Before treatment Chronic heart failure

Note: (1) Age in years is presented as the mean ± SD.

S.-H. Ni, et al. Cytokine 119 (2019) 37–46

39



Ta
bl
e
2

Ch
ar

ac
te

ri
st

ic
s

of
th

e
st

ud
ie

s
ev

al
ua

tin
g

th
e

as
so

ci
at

io
n

be
tw

ee
n

IL
an

d
10

le
ve

ls
an

d
CV

D
pr

og
no

si
s.

St
ud

y
Ye

ar
Re

f.
Re

gi
on

A
ge

(1
)

Sa
m

pl
e

si
ze

Sa
m

pl
e

so
ur

ce
(S

am
pl

in
g

tim
e)

Ca
rd

ia
c

pa
th

ol
og

y
Cu

t-o
ff

va
lu

e
A

dv
er

se
ev

en
ts

Fo
llo

w
-u

p
tim

e
A

dj
us

te
d

re
su

lts
(2

)
Q

ua
lit

y
Sc

or
e

H
ee

sc
he

n,
C.

et
al

.
20

03
[1

3]
G

er
m

an
y

61
.5

±
10

.7
54

7
Se

ru
m

(B
as

el
in

e,
be

fo
re

PC
I)

A
cu

te
co

ro
na

ry
sy

nd
ro

m
e

RO
C

cu
t-o

ff
(3

.5
pg

/m
L)

A
ll-

ca
us

e
de

at
h

72
h/

6
m

on
th

s
Ye

s
8

Ch
al

ik
ia

s,
G

.K
.e

ta
l.

20
05

[5
9]

G
re

ec
e

66
(6

2,
69

)
10

7
Se

ru
m

(B
as

el
in

e,
be

fo
re

PC
I)

A
cu

te
co

ro
na

ry
sy

nd
ro

m
e

M
ed

ia
n

(4
.7

pg
/

m
L)

Ca
rd

ia
c

de
at

h
an

d
m

aj
or

ad
ve

rs
e

ca
rd

ia
c

ev
en

ts
D

ur
in

g
ho

sp
ita

liz
at

io
n

Ye
s

8

Kw
ai

jta
al

,M
.e

t
al

.
20

05
[6

0]
Th

e
N

et
he

rl
an

ds
53

.6
±

7.
5

23
4

Se
ru

m
(B

as
el

in
e/

6
m

on
th

s,
af

te
r

PC
I)

M
yo

ca
rd

ia
li

nf
ar

ct
io

n
M

ed
ia

n
(2

.3
pg

/
m

L)
La

te
ca

rd
ia

c
ev

en
ts

25
.5

m
on

th
s

Ye
s

8

U
el

an
d,

T.
et

al
.

20
05

[1
8]

N
or

w
ay

68
±

10
21

3
Pl

as
m

a
(B

as
el

in
e/

1
m

on
th

)
Se

ru
m

(B
as

el
in

e)

A
cu

te
m

yo
ca

rd
ia

l
in

fa
rc

tio
n

M
ed

ia
n

(0
.3

5
pg

/m
L)

A
ll-

ca
us

e
de

at
h

2
ye

ar
s

Ye
s

8

Va
lg

im
ig

li,
M

.e
ta

l.
20

05
[5

2]
Ita

ly
65

±
11

36
8

A
cu

te
m

yo
ca

rd
ia

l
in

fa
rc

tio
n

M
ed

ia
n

D
ea

th
an

d
ne

w
-o

ns
et

he
ar

t
fa

ilu
re

(H
F)

A
t

le
as

t
12

m
on

th
s

Ye
s

8

Ch
al

ik
ia

s,
G

.K
.e

ta
l.

20
07

[6
1]

G
re

ec
e

65
.4

(6
2,

69
)

18
6

Se
ru

m
(B

as
el

in
e,

af
te

r
PC

I)

A
cu

te
co

ro
na

ry
sy

nd
ro

m
e

Q
ua

rt
ile

s
Re

cu
rr

en
t

co
ro

na
ry

ev
en

t
M

ed
ia

n
15

m
on

th
s

Ye
s

7

Yi
p,

H
.K

.e
t

al
.

20
07

[4
0]

Ta
iw

an
60

.5
±

12
.1

25
0

Se
ru

m
(B

as
el

in
e,

af
te

r
PC

I)

A
cu

te
m

yo
ca

rd
ia

l
In

fa
rc

tio
n

30
pg

/m
l

A
ll-

ca
us

e
de

at
h

30
da

ys
Ye

s
7

M
ie

tt
in

en
,K

.H
.

et
al

.
20

08
[6

2]
Fi

nl
an

d
77

(4
0,

98
)

42
3

Pl
as

m
a

(w
ith

in
48

h)
A

cu
te

de
co

m
pe

ns
at

ed
he

ar
t

fa
ilu

re
Te

rt
ile

s
(1

.7
4

pg
/m

L)
A

ll-
ca

us
e

de
at

h
12

m
on

th
s

Ye
s

8

Pa
ri

ss
is

,J
.T

.e
t

al
.

20
09

[6
3]

G
re

ec
e

65
±

12
14

4
Pl

as
m

a/
se

ru
m

(B
as

el
in

e)
Ch

ro
ni

c
he

ar
tf

ai
lu

re
M

ed
ia

n
(4

.4
pg

/
m

L)
D

ea
th

an
d

ot
he

r
m

aj
or

ad
ve

rs
e

ca
rd

ia
c

ev
en

ts
12

m
on

th
s

Ye
s

8

Iz
um

i,
T.

et
al

.
20

12
[3

9]
Ja

pa
n

52
.6

±
21

.3
29

Se
ru

m
(B

as
el

in
e)

A
cu

te
m

yo
ca

rd
iti

s
RO

C
cu

t-o
ff

(8
.4

pg
/m

L)
H

ea
rt

as
si

st
de

vi
ce

us
e

1
m

on
th

Ye
s

8

Ka
rd

ys
,I

.e
t

al
.

20
12

[6
4]

Th
e

N
et

he
rl

an
ds

59
.4

±
11

.3
16

1
Pl

as
m

a
(B

as
el

in
e,

af
te

r
PC

I)

Is
ch

em
ic

ca
rd

io
m

yo
pa

th
y

w
ith

PC
I

Te
rt

ile
s

D
ea

th
an

d
ot

he
r

m
aj

or
ad

ve
rs

e
ca

rd
ia

c
ev

en
ts

6
ye

ar
s

Ye
s

8

Br
o-

Je
pp

es
en

,J
.

et
al

.
20

15
[6

5]
D

en
m

ar
k

61
±

11
.3

16
9

Pl
as

m
a

(B
as

el
in

e,
af

te
r

ca
rd

ia
c

ar
re

st
)

Ca
rd

ia
c

ar
re

st
M

ed
ia

n
(9

9.
2

pg
/m

L)
A

ll-
ca

us
e

de
at

h
30

da
ys

Ye
s

8

N
ov

o,
G

.e
t

al
.

20
15

[6
6]

Ita
ly

67
.5

±
13

.3
33

Pl
as

m
a

(w
ith

in
24

h)
A

cu
te

m
yo

ca
rd

ia
l

in
fa

rc
tio

n
M

ed
ia

n
D

ea
th

an
d

ot
he

r
m

aj
or

ad
ve

rs
e

ca
rd

ia
c

ev
en

ts
6

ye
ar

s
Ye

s
8

Zh
an

g,
D

.F
.e

ta
l.

20
16

[6
7]

Ch
in

a
59

.1
(5

1.
9,

66
.8

)
56

6
Se

ru
m

(B
as

el
in

e)
M

ild
to

m
od

er
at

e
co

ro
na

ry
ar

te
ry

le
si

on
s

M
ed

ia
n

(6
0.

02
pg

/m
L)

D
ea

th
an

d
ot

he
r

m
aj

or
ad

ve
rs

e
ca

rd
ia

c
ev

en
ts

6
ye

ar
s

Ye
s

7

A
le

ks
ov

a,
A

.e
t

al
.

20
17

[6
8]

Ita
ly

58
(5

0,
67

)
15

6
Pl

as
m

a
(B

as
el

in
e)

Id
io

pa
th

ic
di

la
te

d
ca

rd
io

m
yo

pa
th

y
M

ed
ia

n
(2

.7
pg

/
m

L)
D

ea
th

or
he

ar
t

tr
an

sp
la

nt
at

io
n

M
ed

ia
n

89
.6

m
on

th
s

Ye
s

8

N
ot

es
:(

1)
A

ge
in

ye
ar

s
is

pr
es

en
te

d
as

th
e

m
ea

n
±

SD
or

m
ea

n
(r

an
ge

).
(2

)
“Y

es
”

in
di

ca
te

s
th

at
th

e
eff

ec
te

st
im

at
e

w
as

ad
ju

st
ed

in
at

le
as

to
ne

re
gr

es
si

on
m

od
el

.

S.-H. Ni, et al. Cytokine 119 (2019) 37–46

40



CI = 1.00–1.20, p = 0.043, Fig. 3B). The meta-regression analysis in-
dicated that a possible positive correlation exists between the IL-10/
CRP ratio and adverse events, but this correlation was not statistically
significant (β = 0.013, p = 0.483, Fig. 3D). Additionally, our data
showed that no correlation exists between the risk of adverse events
and the age of the participants or cut-off value (p > 0.05, Fig. 3E and
F). However, the risk of adverse events and the IL-10/IL-6 ratio were
positively correlated with (β = 0.644, p = 0.024, Fig. 3C) or without
correcting for the average age (β = 0.601, p = 0.0036).

Subsequently, we performed a subgroup analysis to determine the
association between the HR of IL-10 and CVD under different condi-
tions (Table 3 and Figs. S1–S3). The results showed no significance
differences in the IL-10 levels and coronary artery disease in both the
crude analysis and age/gender subgroup analysis (p > 0.05, Table 3).
Higher IL-10 levels seem to be associated with a poor prognosis of heart
failure (HR = 1.49, 95% CI = 1.08–2.05, p = 0.016, Table 3). We also
found that the HR of IL-10 increased from 1.08 in studies with less than

50% statin treatment to 2.5 in studies with more than 50% statin
treatment (Table 3). This finding may be partially explained by statins
reducing the levels of metabolic inflammation, and with a lower IL-10/
IL-6 ratio status, IL-10 may be related a poor prognosis. The data from
the sensitivity test show that the heterogeneity of each experiment is
within the acceptable range (does not exceed the 95% confidence in-
terval) in all subgroup analyses (Figs. S4–S6).

3.4. Analysis of publication bias

To examine the quality of the included data, we analyzed the pub-
lication bias of all pooled studies (Fig. 4). The funnel plots showed no
publication bias in the meta-analysis of the pooled SMD (p = 0.481),
pooled HR in nonischemic cardiomyopathy (p = 0.621) and HR in is-
chemic cardiomyopathy (p = 0.210).

Fig. 2. Meta-analysis of IL-10 levels in patients with CVD and healthy controls. (A) Forest plot of pooled data of patients with ischemic or nonischemic cardiac
pathologies. (B) Meta-regression data of the SMD in IL-10 levels based on the ages of the participants.
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3.5. Change in the IL-10/IL-6 ratio across different phases of MI prognosis
and different ages

To explore the changes in the IL-10/IL-6 ratio across different

phases of recovery and different ages, we extracted relevant data from a
cohort study and a genomic profiling set (GSE58015) separately
[18,19]. We calculated the IL-10/IL-6 ratio at one-year follow-up in-
tervals after myocardial infarction and found that this ratio notably

Fig. 3. Meta-analysis of the association between IL-10 levels and CVD prognosis. (A) Forest plot of pooled data of patients with ischemic cardiac pathologies based on
the sampling time point. (B) Forest plot of the pooled data of patients with nonischemic cardiac pathologies. Meta-regression data of the SMD in IL-10 levels based on
(C) the IL-10/IL-6 ratio, (D) the IL-10/CRP ratio, and (E) the participants’ age. (F) Cut-off value of IL-10. Note: (1) Heeschen, C. et al., evaluating the hazard risk of IL-
10 at 48 h and at 6 months.

Table 3
Results of the subgroup analysis.

Cardiopathy Subgroup No. of studies Heterogeneity test Pooled HR

Q I2 P-Value HR [95% CI] p-Value

Coronary syndrome
or myocardial infarction

Crude analysis 10 46.01 80.4 < 0.001 0.878 [0.720, 1.071] 0.199
% of Males > 70 6 32.45 84.6 < 0.001 0.792 [0.554, 1.133] 0.202
% of Males ≤ 70 4 13.43 77.7 0.004 1.037 [0.691, 1.556] 0.861
Average age > 60 7 29.02 79.3 < 0.001 0.84 [0.690, 1.032] 0.097
Average age ≤ 60 3 13.82 85.5 0.001 1.43 [0.540, 3.788] 0.473

Heart failure 2 0.71 0 0.401 1.49 [1.080, 2.050] 0.016*

Cardiovascular disease % of Statin > 50 1 – – – 2.5 [1.110, 5.640] 0.027*

% of Statin ≤ 50 2 2.48 59.6 0.115 1.08 [0.830, 1.440] 0.514

Note: - Values could not be calculated due to an insufficient number of studies.
* p < 0.05; HR was considered statistically significant.
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increased over time (2.1-fold at 2 months, 2.7-fold at 1 year and 2.3-
fold at 2 years compared with the baseline value, Fig. 5A). Based on
gene expression data of human monocyte-derived dendritic cells
(MDDCs) from young and aged healthy donors, we found that the levels
of IL-10 mRNA in the aged individuals were significantly higher than
those in the young individuals (p = 0.049, Fig. 5B). Although the dif-
ference was not statistically significant, the levels of IL-6 mRNA in the
aged individuals were lower than those in the young individuals
(p = 0.164, Fig. 5C). In addition, the IL-10/IL-6 ratio was significantly
higher in the aged individuals (p = 0.036, Fig. 5D). Interesting, in
contrast to the data of the heathy people, the average age is negatively
correlated with the IL-10/IL-6 ratio in patients with CVD (R
square = 0.247, Fig. 5E). This finding may be due to the long-term
microinflammation status of aging patients with CVD and other primary
diseases, such as hypertension and diabetes. Nonetheless, our data
suggest that the IL-10/IL-6 ratio varies across different phases of MI
prognosis and different ages, which may partially explain the bias.

4. Discussion

The inflammatory response plays an important role in the patho-
logical process of CVD and primary diseases, such as hypertension and
diabetes [20,21]. Numerous studies have shown that high levels of
proinflammatory factors are associated with cardiovascular risk
[22–25]. During the inflammatory phase, atherosclerotic plaque for-
mation, hemodynamic abnormalities and ventricular remodeling occur
along with endothelial damage and a reduction in vasodilatory factors,
especially nitric oxide. Many inflammatory factors can be used as risk
indicators of cardiovascular events; however, combining multiple in-
dicators may better reflect the inflammation levels or trends and may
lead to better risk prediction results [26,27].

IL-10 is a main anti-inflammatory cytokine that is widely involved
in the pathological processes of disease [28]. The conclusions of pre-
vious studies regarding the role of IL-10 in individuals with CVDs are
inconsistent. Initially, a series of reports noted that IL-10 exerts cardi-
oprotective effects primarily in ischemia-reperfusion injury [29–31].
Furthermore, some cohort studies claimed that elevated IL-10 serum
levels are associated with a more favorable prognosis in patients with
acute coronary syndrome and other cardiac pathologies [13,14,32].
Additionally, treatment with cardioprotective compounds has been
shown to be associated with an increase in IL-10 content [31,33–35].
Cardioprotection has been observed to be conferred both in vitro and in
vivo by the modulation of IL-10, which involves stress and immune
signaling pathways, such as the P38-MAPK, NF-Kappab and JAK/STAT
pathways [36,37]. In contrast to observations showing beneficial ef-
fects, other observations have shown that IL-10 is positively correlated
with diastolic dysfunction in patients with MI, hypertrophic cardio-
myopathy and other cardiac pathologies [38–41]. Thus, IL-10, which
was originally identified as an anti-inflammatory cytokine exerting
pleiotropic effects in the body, seems to play a dual role in heart dis-
ease. No consensus or reasonable explanation for the above contra-
dictions currently exists. Our pooled data for the comparison of the
difference in IL-10 levels between CVD patients and healthy controls
were highly heterogeneous. In the analysis of the prognostic value of IL-
10, we found that higher IL-10 levels were associated with an increased
risk of adverse events in nonischemic cardiac pathologies, but these
results were not consistent with the results of a series of animal studies.
Interestingly, in patients with ischemic pathologies, we found that IL-10
played opposite roles before and after PCI, suggesting that IL-10 may
play diverse roles during different stages of cardiac pathology. Evidence
explaining these results are lacking, and we must consider the different
pathological status of the heart before PCI (predominant ischemic pa-
thology) and after PCI (ischemia-reperfusion). First, the cytokine profile
differs before and after PCI [42,43], which may cause some risk cyto-
kines correlated with IL-10 to not be corrected after PCI. In addition,
although IL-10 has anti-inflammatory effects, the role of IL-10 in
ischemia reperfusion is controversial [44,45], and further research is
needed to explore the heterogeneity. In addition, higher baseline IL-10
levels may signal future excess IL-10 during the repair period, which
may induce an expansion in the fibrosis area during the late stage of
myocardial remodeling; however, these hypotheses require more evi-
dence. Our meta-regression analysis showed that the CVD risk asso-
ciated with IL-10 levels may be related to IL-6 levels, thus indicating
that the role of IL-10 may depend on the levels of other inflammatory
factors. The IL-10/IL-6 ratio changes during different stages of disease.
Thus, we suspect that IL-10 plays a protective role in the hyperin-
flammatory state but may be a risk factor for disease; this hypothesis is
supported by recent evidence suggesting that IL-10 is also a profibro-
genic factor that can stiffen heart tissue [16,15].

Although most basic research has reported only the protective effect
of IL-10, most studies are based on its anti-inflammatory effects.
Recently, Hulsmans M et al. noted an excess production of IL-10 in the
setting of diastolic dysfunction caused by the combination of salty

Fig. 4. Funnel plots: pooled analysis of (A) IL-10 levels in patients with CVD
and healthy controls, (B) the association between IL-10 levels and prognosis of
ischemic cardiac pathologies, and (C) the association between IL-10 levels and
the prognosis of nonischemic cardiac pathologies.
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drinking water, unilateral nephrectomy, and chronic aldosterone ex-
posure (SAUNA) and old age [16]. These authors found that macro-
phage-specific IL-10 deletion reduced fibrosis and improved diastolic
function, suggesting that IL-10 may exert deleterious profibrotic effects
in aging-related heart failure, although it may be beneficial for in-
flammation resolution and wound healing. In our study, the IL-10/IL-6
ratio in aged individuals was significantly higher than that in young
individuals, which may explain the contradiction as follows: in the el-
derly, IL-10 may play a leading role in promoting fibrosis rather than
conferring protective anti-inflammatory effects. In addition, lipids and
lipoprotein profiles are important prognostic indicators of cardiovas-
cular events and are closely related to metabolic inflammation [46]. We
also found that the HR of IL-10 increased in studies with more than 50%
statin treatment, which may be partially ascribed to statins reducing the
levels of metabolic inflammation, and with a lower IL-10/IL-6 ratio
status, IL-10 may related to a poor prognosis.

Nevertheless, although some clinical observations and most basic
trials suggest that IL-10 has a protective effect on ischemic cardiac
pathology, we found that the association between IL-10 levels and
myocardial infarction prognosis may be pleiotropic, suggesting that IL-
10 cannot be used as an independent risk indicator of MI. Second, our
meta-regression analysis showed that the risk associated with IL-10
levels in CVDs may be related to IL-6 levels, suggesting that compared
with a single indicator, it may be more reasonable to predict prognosis
by combining multiple cytokines. In addition, we found that higher IL-
10 levels were significantly associated with a poor prognosis in patients
with nonischemic pathologies, suggesting that IL-10 may be considered
a prognosis indicator in some nonischemic pathologies, such as chronic
heart failure.

Our meta-analysis contains possible limitations. First, due to the
high data heterogeneity, we did not confirm the trend in the IL-10 levels
in different cardiac pathologies. Second, due to the limited collection of

Fig. 5. Trend in IL-10/IL-6 ratio in different disease states. (A) IL-10/IL-6 ratio (mean value) was increased 2 years after PCI was performed. mRNA levels of (B) IL-10
and (C) IL-6 and (D) the IL-10/IL-6 ratio in human MDDCs from healthy young and aged people. (E) Correlation in patients with CVD.
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data, we could not precisely determine the risk associated with IL-10
levels in various cardiac disorders. Finally, although reduced in the
subgroup and meta-regression analyses, heterogeneity remained, sug-
gesting that the risk associated with the IL-10 levels may depend on
other unreported factors.

5. Conclusion

The major finding of our study is that the risk associated with IL-10
levels in CVD, which is determined by the levels of some inflammatory
factors, may be pleiotropic. The existing evidence indicates that higher
levels of IL-10 are associated with a higher risk of adverse events in
nonischemic cardiac pathologies. However, the correlation between IL-
10 and ischemic cardiac pathologies may depend on the stage of the
disease. Nevertheless, an investigation of the mixed effect of IL-10 and
some inflammatory factors, such as IL-6, IL-18 and TNF-α, in CVD is
needed. Thus, further studies are warranted to comprehensively in-
vestigate the precise role of IL-10 in all phases and pathologies of CVD.
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