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Abstract

effects model for meta-analysis and subgroup analysis.

ity in the published studies.

Background Interleukin-17 (IL-17) has been hypothesized to be involved in ischemic cardiovascular disease (ICVD).
However, the association of IL-17 with ICVD remained unclear. The aim of this study was to systematically analyze
the available evidence regarding the association between IL-17 and ICVD.

Methods We searched the PubMed, Web of Science, Cochrane Library, and Embase databases up to October 2023
to identify publications on the association between IL-17 and ICVD. The merged results were analyzed using a random

Results A total of 955 publications were initially identified in our search and screened; six studies were eventu-

ally included in the analysis. The average age of study participants was 60.3+ 12.6 years and 65.5% were men. There
was a high degree of heterogeneity among studies. The results showed that IL-17 level were higher in the case group
than those in the control group (standardized mean difference, SMD =1.60, 95% confidence interval (95% Cl): 0.53—
2.66, P=0.003). In sensitivity analysis, the merged results showed good robustness. Additionally, subgroup analysis
showed that race and ethnicity, sample size, and detection methods were significant factors influencing heterogene-

Conclusion Our finding revealed that increased IL-17 level contributed to the development of ICVD, suggesting IL-17
as a potential risk marker. Further research is needed to establish IL-17 as a therapeutic biomarker of ICVD.

Keywords Interleukin 17, Ischemic cardiovascular disease, Meta-analysis

Background

Atherosclerotic cardiovascular disease is mainly medi-
ated by infiltrated inflammatory cells. Therefore, inflam-
mation plays a key role in the formation, development,
and complications of atherosclerosis [1]. As inflammatory
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markers, various cytokines are involved in the forma-
tion of atherosclerosis [2, 3]. Studies have shown that
IL-17 has a major role in various inflammatory diseases
via participating in the regulation of chronic inflamma-
tion, thrombosis formation, and atherosclerosis. IL-17
can stimulate various cells to release adhesion molecules
and pro-inflammatory cytokines, among which IL-17A is
important in the inflammatory response [4].

At present, the role of IL-17 in coronary heart disease
remains controversial. Most studies support that the
elevated level of IL-17 is considered to play a crucial role
in ICVD. According to reports, IL-17 level are increased
in patients with acute coronary syndrome (ACS), which
poses cardiovascular disease’ risks [5]. This may be due
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to the interaction between endothelial cells and IL-17
at the lesion prone site, which triggers local inflamma-
tory response at the early stage of atherosclerosis, leads
to plaque instability and ACS. However, it has also been
suggested that IL-17 may have a protective role in ath-
erosclerosis [6]. In a prospective study, serum IL-17 level
was associated with mortality and recurrence in patients
with acute myocardial infarction (AMI), lower IL-17
level was a risk factor for death or recurrent AMI [7].
A clinical trial found that plasma IL-17A level was sig-
nificantly higher in patients with coronary heart disease
(CHD) than in healthy controls and were positively cor-
related with platelet aggregation level. In patients with
ACS, IL-17 level in those with AMI showed a significant
upward trend compared with the group that had angina.
The research results also indicated that concentrations
of IL-17 in the plasma of patients with unstable plaques
were significantly higher than those in patients with sta-
ble plaques. Additionally, IL-17 level have been found
to be higher in patients with severe complex lesions [8].
Therefore, it can be inferred that in patients with coro-
nary heart disease, high IL-17 expression may be an
important factor led to plaque instability or even rupture
[4]. Most studies supported that IL-17 level are positively
correlated with the severity of vascular lesions, which can
more sensitively reflect the acute degree and severity of
CHD [9]. However, a small number of studies pointed to
the exact opposite conclusion [7, 10, 11]. In view of the
controversial relationship between IL-17 and ICVD and
the lack of relevant studies, we conducted a meta-analysis
to explore the correlation between IL-17 and ICVD. We
aimed to provide more detailed reference information to
improve the monitoring of IL-17 level in patients with
ICVD in the clinical setting.

Methods

Search strategy

We conducted a search using the PubMed, Web of Sci-
ence, Cochrane Library, and Embase databases to identify
publications in English on the relationship between IL-17
and ICVD up to October 2023. We have screened the ref-
erences of the included studies and not used any filters.
The search strategy which we used included the follow-
ing subject headings and search formula: ("Interleukin
17" OR "IL-17" OR "interleukin 17”) AND ("ischemi*"
AND ("Cardiovascular Diseases" OR "cardiovascular dis-
ease*" OR "myocardial infarction” OR "stable angina" OR
"unstable angina" OR "arrhythmias, cardiac" OR "cardiac
arrhythmias" OR "arrhythmia*")). The prosepro registra-
tion ID for this review is CRD42023472849.
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Literature screening and data extraction

All the retrieved literature was imported into End-
noteX9 software and independently screened by two
researchers. The inclusion criteria were as follows: (1)
case—control or prospective studies on IL-17 level and
ICVD; (2) research focused on the relationship between
IL-17 level and ICVD; (3) publications in English; (4)
participants’ IL-17 level were reported, or relevant
statistics or effect values that reflect the relationship
between IL-17 and ICVD were provided. The exclusion
criteria were: (1) non-population research; (2) confer-
ence abstracts or review articles; (3) duplicated publi-
cations or literature with duplicated data; (4) articles
with unclear data or those for which we were unable
to obtain the original text. The retrieved articles were
screened according to the inclusion and exclusion crite-
ria. After the initial screened, the original full text was
reviewed and irrelevant publications were eliminated.
Then, we performed data extraction and established
a database using Excel (Microsoft Corporation, Red-
mond, WA, USA). We used standardized data tables to
extract the following information: first author, publica-
tion year, number of cases and controls, study design,
participants’ race and ethnicity, participant demo-
graphics, measurement methods, and participants’
IL-17 level.

Literature quality evaluation

We followed the quality evaluation method recom-
mended by the Cochrane Collaboration, namely, the
Newecastle—Ottawa Scale [12, 13], to assess the quality
and risk of bias in the included studies, for which the rel-
evant data were extracted. We followed PRISMA 2020
guidelines.

Statistical analysis

The data from included studies were analyzed using
Cochrane’s Review Manager (RevMan) version 5.2 and
Stata 12.0 software (StataCorp LLC, College Station,
TX, USA). SMD was used for the measurement data as
the combined effect size, and point estimates and 95%
CIs were given. The I° test was used to evaluate the sta-
tistical heterogeneity of the included studies. P<0.05 and
?>50% indicated high heterogeneity among studies, and
a random effects model was used to combine the effect
sizes. Sensitivity analysis was carried out using the leave-
one-out method to evaluate the robustness and reliabil-
ity of the combined results of meta-analysis. Used Begg’s
rank correlation and Egger’s linear regression methods
to test publication bias. A funnel plot was used to deter-
mine whether publication bias existed. We conducted
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subgroup analysis stratified by race and ethnicity, sample
size, and protein measurement method.

Results

Basic information of the included studies

A total of 955 relevant publications were retrieved, and
121 were retained in preliminary screened of article titles
and abstracts. After a full-text review according to our
criteria, six case—control studies were finally included in
the present meta-analysis. The specific process of litera-
ture screening was shown in Fig. 1.

A total of 956 participants were included among all
studies, with 701 cases and 255 healthy controls. Stud-
ies reported IL-17 concentrations in the case and control
groups were all of moderate to high quality. The study
characteristics and IL-17 level at baseline in each study
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were shown in Table 1. After comprehensive evaluation
of each study, we found that Newcastle-Ottawa Scale
scores in the six studies reached 5 points or above, indi-
cating that the overall quality of the included articles was
moderate to high [13], as shown in Table 2.

Meta-analysis of quantitative variables

Combined effect size results

Among the six included studies, the median and inter-
quartile range were converted to mean + standard devia-
tion. We used RevMan 5.2 to calculate the SMD as an
index of the merger effect. The test of heterogeneity
indicated high heterogeneity among studies (F=97%,
P<0.001). The IL-17 level in the case group was higher
than those in the control group, and the difference

‘ Identification of studies via databases and registers

Fig. 1 Literature screening process
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Table 2 Quality evaluation for the included studies

Study Research object selection Comparability Exposure or outcome total points

between groups evaluation
(1 (2) (3) (4) (5) (6) (7) (8)

Sheng Liu,2022 [14] 1 1 0 1 2 1 1 0 7

Hanmei Lu,2022 [15] 1 1 1 1 1 1 1 1 8

Mateusz G.Adamski,2014 [16] 1 1 1 1 1 1 1 0 7

Maria del,2013 [17] 1 0 1 1 2 0 0 0 5

Qing Li,2013 [18] 1 1 1 1 2 1 1 0 8

Satwat Hashmi,2006 [19] 1 1 1 1 2 0 0 0 6

Full score is 9; items with a score of 1 are as follows. (1) Determine whether the case is appropriate. (2) Representativeness of cases. (3) Choice of controls. (4)
Determination of the comparison group. (6) Determination of exposure factors. (7) The same method used to determine exposure factors of cases and controls. (8) No
response rate. The item with a score of 2 is (5) Comparability of cases and controls was considered in design and statistical analysis

Experimental Control Std. Mean Difference Std. Mean Difference
% Cl IV.R % Cl

Hanmei Lu, 2022 59.0524 8.1855 150 43.6088 4.5691 50 17.2% 2.06 [1.68, 2.44] -
Maria del , 2013 2719 158 20 2275 7.6 20 16.0% 2.18[1.38, 2.98] -
Mateusz G.Adamski, 2014 7.01 23 43 4.78 3.1 26  16.9% 0.84[0.33, 1.35] -
Qing Li,2013 54.87 1213 34 164  3.81 30 157% 4.12[3.23, 5.00] -
Satwat Hashmi,2006 340.3 162.75 24 25716 71.365 20 16.7% 0.63 [0.02, 1.24]
Sheng Liu,2022 4.3041 1.3457 148 4.3191 781 109 17.4% -0.00 [-0.25, 0.24]
Total (95% Cl) 419 255 100.0% 1.60 [0.53, 2.66] -
Heterogeneity: Tau? = 1.68; Chi? = 148.50, df = 5 (P < 0.00001); 12 = 97% _i‘ -2 ; é i

Test for overall effect: Z = 2.94 (P = 0.003)

Favours [experimental] Favours [control]

Fig. 2 Forest map of the difference in IL-17 level between patients with ICYD and healthy controls. IL-17, interleukin 17; ICVD, ischemic
cardiovascular disease; SD, standard deviation; Cl, confidence interval; IV, inverse variance

between groups was statistically significant (SMD =1.60,
95% CI: 0.53-2.66, P=0.003, Fig. 2).

Sensitivity analysis

The results of sensitivity analysis showed that the six
studies were all within the 95% CI, indicating good stabil-
ity of the SMD in the combined effect results. Asymme-
try tests of publication bias showed P=0.260 using Begg’s
rank correlation method and P=0.102 using Egger’s lin-
ear regression method, further confirming that there was
no obvious publication bias (Fig. 3). The sensitivity analy-
sis confirmed the robustness of the merged results. The
funnel plot was symmetric and indicated there was no
evidence of publication bias (Fig. 4).

In the subgroup analysis stratified by race and ethnic-
ity, we found that IL-17 level were higher in the case
group than in controls among Asians (SMD=1.66,
95% CI: 0.16-3.17, P=0.03) and Whites (SMD=1.47,
95% CI: 0.16-2.79, P=0.03). Additionally, high IL-17
level were associated with susceptibility to ICVD in the
small-sample subgroup (SMD=1.91, 95% CI: 0.52-3.30,
P=0.007) but not in the large-sample subgroup. Further-
more, in subgroup analysis stratified by measurement
method, high IL-17 level was associated with suscep-
tibility to ICVD in the enzyme-linked immunosorbent

assay method subgroup (SMD=2.24, 95% CI: 0.67-3.80,
P=0.005) (Fig. 5).

Discussion

ICVD is the leading cause of death and disability world-
wide, posing a serious threat to human health and with
a serious burden on social development. According
to a research report in 2017, age-adjusted stroke and
ischemic heart disease were the leading causes of years
of life lost. Currently, the burden of ICVD is relatively
heavy [20-22]. Previous studies have shown that ICVD
and its adverse consequences involve inflammatory
processes, and many studies have reported a correlation
between IL-17, CHD, and stroke. However, previous
results regarding the association between IL-17 level
and ICVD have been inconsistent. In the present study,
we conducted a meta-analysis of published studies to
clarify the association between IL-17 level and ICVD.
The results showed that among the case—control stud-
ies included in this meta-analysis, patients in the case
group had higher level of IL-17 compared with healthy
controls. This finding suggests that high level of IL-17
may be a risk factor for ICVD. Our research showed
a strong association between high level of IL-17 and
the development of ICVD. In addition, the subgroup
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Meta—analysis estimates, given named study is omitted

| Lower CI Limit

Sheng Liu 2022

Hanmei Lu 2022

Mateusz G Adamski 2014

Maria del 2013

Qing Li 2013

Satwat Hashmi 2006 |
0.17 0.54

O Estimate | Upper CI Limit

1.62 2.70 3.11

Fig. 3 Sensitivity analysis of the difference in IL-17 level between patients with ICVD and healthy controls. IL-17, interleukin 17; ICVD, ischemic

cardiovascular disease; Cl, confidence interval
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Fig. 4 Funnel plot of publication bias for differences in IL-17 level between ICVD patients and controls. IL-17, interleukin 17; ICVD, ischemic
cardiovascular disease; SE, standard error; SMD, standardized mean difference

meta-analysis showed that sample size and IL-17 detec-
tion methods may be important factors influencing the
heterogeneity of previous studies. Further evidence on
the involvement of IL-17 in ICVD is needed to clar-
ify the role of IL-17 level as a potential biomarker for
ICVD.

IL-17 is secreted by Th17 cells and stimulates various
cells to release adhesion molecules and pro-inflamma-
tory cytokines. Studies have found that IL-17 played an
important role in various inflammatory diseases by par-
ticipating in the regulation of chronic inflammation, ath-
erosclerosis, and thrombosis. As the most common type
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Experimental Control Std. Mean Difference Std. Mean Difference A
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random. 95% Cl IV, Random, 95% CI
1.1.1 Asians
Hanmei Lu, 2022 59.0524 8.1855 150 43.6088 4.5691 50 17.2% 2.06 [1.68, 2.44] -
Qing Li,2013 5487 12.13 34 164  3.81 30 15.7% 4.12[3.23, 5.00] -
Satwat Hashmi,2006 340.3 162.75 24 257.16 71.365 20 16.7% 0.63[0.02, 1.24] —
Sheng Liu,2022 4.3041 1.3457 148 4.3191 781 109 17.4% -0.00 [-0.25, 0.24] e
Subtotal (95% Cl) 356 209 67.0% 1.66 [0.16, 3.17] —l——
Heterogeneity: Tau? = 2.28; Chi? = 137.27, df = 3 (P < 0.00001); I> = 98%
Test for overall effect: Z=2.16 (P = 0.03)
1.1.2 Whites
Maria del , 2013 271.9 158 20 2275 7.16 20 16.0% 2.18[1.38, 2.98] -
Mateusz G.Adamski, 2014 7.01 23 43 478 3.1 26 16.9% 0.84[0.33, 1.35] _'_
Subtotal (95% Cl) 63 46 33.0% 1.47 [0.16, 2.79] ——
Heterogeneity: Tau? = 0.79; Chi? = 7.75, df = 1 (P = 0.005); I = 87%
Test for overall effect: Z =2.20 (P = 0.03)
Total (95% Cl) 419 255 100.0% 1.60 [0.53, 2.66] e
Heterogeneity: Tau? = 1.68; Chi = 148.50, df = 5 (P < 0.00001); I = 97% _L 2 0 2 i
Test for overall effe(‘:t: =294 (P_= 0.003) Favours [experimental] Favours [control]
Test for subaroup differences: Chi? = 0.03. df =1 (P = 0.85). I? = 0%

Experimental Control Std. Mean Difference Std. Mean Difference B
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random. 95% CI IV. Random, 95% CI
2.1.1 Large
Hanmei Lu, 2022 59.0524 8.1855 150 43.6088 4.5691 50 17.2% 2.06 [1.68, 2.44] -
Sheng Liu,2022 4.3041 1.3457 148 4.3191 781 109 17.4% -0.00 [-0.25, 0.24] T
Subtotal (95% CI) 298 159 34.7% 1.03 [-1.00, 3.05] ———
Heterogeneity: Tau? = 2.11; Chi? = 79.88, df = 1 (P < 0.00001); I> = 99%
Test for overall effect: Z=0.99 (P = 0.32)
2.1.2 Smalll
Maria del , 2013 271.9 158 20 2275 7.6 20 16.0% 2.18[1.38, 2.98] -
Mateusz G.Adamski, 2014 7.01 23 43 4.78 3.1 26 16.9% 0.84[0.33, 1.35] -
Qing Li,2013 5487 12.13 34 164  3.81 30 15.7% 4.12[3.23, 5.00] -
Satwat Hashmi,2006 340.3 162.75 24 25716 71.365 20 16.7% 0.63 [0.02, 1.24] _‘_
Subtotal (95% CI) 121 96 65.3% 1.91[0.52, 3.30] ——
Heterogeneity: Tau? = 1.88; Chi? = 50.69, df = 3 (P < 0.00001); I* = 94%
Test for overall effect: Z = 2.69 (P = 0.007)
Total (95% Cl) 419 255 100.0% 1.60 [0.53, 2.66] -
Heterogeneity: Tau? = 1.68; Chi? = 148.50, df = 5 (P < 0.00001); |2 = 97% 4 2 p 2 j‘
Test for overall effe(':t: Z=294 (P,= 0.003) Favours [experimental] Favours [control]
Test for subaroup differences: Chi? = 0.50. df = 1 (P = 0.48). 12 = 0%

Experimental Control Std. Mean Difference Std. Mean Difference C
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random. 95% Cl IV, Random. 95% CI
4.1.1 Elisa
Hanmei Lu, 2022 59.0524 8.1855 150 43.6088 4.5691 50 17.2% 2.06 [1.68, 2.44] -
Qing Li,2013 54.87 12.13 34 164  3.81 30 15.7% 4.12[3.23, 5.00] -
Satwat Hashmi,2006 340.3 162.75 24 257.16 71.365 20 16.7% 0.63[0.02, 1.24] —
Subtotal (95% CI) 208 100 49.6% 2.24[0.67, 3.80] ———
Heterogeneity: Tau? = 1.81; Chi? = 41.45, df = 2 (P < 0.00001); I* = 95%
Test for overall effect: Z = 2.80 (P = 0.005)
4.1.2 FCM
Maria del , 2013 271.9 158 20 2275 7.16 20 16.0% 2.18[1.38, 2.98] -
Mateusz G.Adamski, 2014 7.01 23 43 4.78 3.1 26 16.9% 0.84[0.33, 1.35] -
Sheng Liu,2022 4.3041 1.3457 148 4.3191 781 109 17.4% -0.00 [-0.25, 0.24] o
Subtotal (95% CI) 211 155 50.4% 0.95 [-0.16, 2.06] A
Heterogeneity: Tau? = 0.88; Chi? = 31.45, df = 2 (P < 0.00001); I = 94%
Test for overall effect: Z = 1.68 (P = 0.09)
Total (95% Cl) 419 255 100.0% 1.60 [0.53, 2.66] —
Heterogeneity: Tau? = 1.68; Chi? = 148.50, df = 5 (P < 0.00001); I* = 97% W 5 0 i :

Test for overall effect: Z = 2.94 (P = 0.003)
Test for subaroun differences: Chiz = 1.73. df = 1 (P = 0.19). 12 = 42.0%

Fig. 5 Subgroup analyses of differences in IL.-17 level between ICVD patients and controls. A race; B sample size; C detection method. ELISA,
enzyme-linked immunosorbent assay; FCM, flow cytometry; df, degrees of freedom; SD, standard deviation; Cl, confidence interval; IV, inverse
variance

Favours [experimental] Favours [control]
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of atherosclerosis, ICVD is linked to IL-17, which can
induce a strong inflammatory response and produce mol-
ecules important for inflammatory signal transduction,
especially cytokines expressed in immune cells. There-
fore, upregulation of cytokines can be detected before
the occurrence of ICVD [2]. In addition to inducing
interferon gamma (IFN-y), IL-17 can also induce tumor
necrosis factor alpha and the expression of IL-6 and its
synthesis. These cytokines can promote the inflammatory
process, leading to unstable atherosclerotic plaques and
thrombosis. From the above analysis, we can conclude
that high IL-17 level is associated with the development
of ICVD by connecting many types of inflammatory
cytokines, leading to changes in atherosclerotic plaque
formation and thrombosis and ultimately exacerbating
the development of ICVD.

Our study results are consistent with the findings of a
study by Jafarzadeh et al, in which patients with ICVD
had significantly higher mean serum IL-17 level than
healthy controls. In 2009, those authors proposed for
the first time that the level of IL-17 in serum can repre-
sent the level of intra-coronary artery inflammation and
can be used as an independent predictor of ICVD [23].
The pathogenesis may be because vascular endothe-
lial dysfunction, inflammatory response occurs, and
immune-related Th17 cells release IL-17, IL-17 can
induce apoptosis of vascular endothelial cells, aggravate
endothelial dysfunction, and the persistence of inflam-
mation leads to expansion of the degree and scope of
coronary artery disease. Local inflammation of the blood
vessel wall and various inflammatory mediators reduce
the endothelial barrier function, which triggers the mul-
tiple cascade release of inflammatory factors, leading to
coronary artery calcification, atherosclerotic lesions, and
even AMI [24]. Li found that the level of IL-17A around
an infarct and cerebrospinal fluid increased significantly
after cerebral artery obstruction. This finding may be
because IL-17A participates in the inflammatory cascade
in various ways, thereby aggravating injury to ischemic
brain tissue [25]. Studies on stroke have shown that IL-17
can co-promote cerebral ischemia reperfusion injury
through synergistic action with inflammatory media-
tors. After the acute stage of stroke, owing to vasospasm,
endothelial cells are damaged and inflammatory immune
cells are activated, which can directly or indirectly lead
to an increase in IL-17. It can strengthen the inflamma-
tory response and cause the deposition of subcutaneous
immune complex in blood vessels, thereby promoting the
formation of thrombosis, aggravating brain tissue dam-
age, and forming a vicious cycle. IL-17A is also involved
in the development of atherosclerosis, hypertension, and
atrial fibrillation by promoting water and sodium reten-
tion and altering myocardial electrophysiology [26].
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Other studies have shown that IL-17 can also increase
the instability of atherosclerotic plaques and lead to
plaque rupture [27].

Considering other related factors that could possibly
affect the association between higher IL-17 level and the
pathogenesis of ICVD, we conducted a stratified analysis
according to race and ethnicity, sample size, and protein
measurement method. From the stratified analyses, we
concluded that the association was significant in stud-
ies from both China and Germany, but there was lit-
tle such correlation found in a study from the United
States, which may be explained by differences in life-
styles among countries. Our results demonstrated that
high IL-17 level were strongly linked to ICVD. IL-17 has
an important role in promoting the formation of ath-
erosclerotic plaques in intracranial vessels and is a risk
factor for ischemic stroke (IS). It is important to clearly
understand the pathophysiological effects of IL-17A in
different stages of IS and to propose potential therapeutic
approaches accordingly. Although there are few interven-
tions targeting IL-17, in view of its special importance,
the present study can provide new ideas in the preven-
tion of ICVD. These results suggest that IL-17 is a useful
diagnostic and prognostic indicator for ICVD.

This study is the first meta-analysis of available evi-
dence from observational studies investigating the
association between IL-17 and ICVD using standard-
ized measures of association to allow for comparison.
We pooled data from 6 studies with 701 cases and 255
healthy controls, providing substantial statistical power
for the association between IL-17 and ICVD. Based on
previous studies, this study is innovative. The data analy-
sis in this study was comprehensive, with data retrieved
from four major databases, which allowed for the dis-
covery of statistically significant associations. Neverthe-
less, the limitations are still important factors to consider
when interpreting the results of this study. Our findings
were limited by the lack of longitudinal data on IL-17
level from a larger number of ICVD cohorts, as well as
clinical findings regarding the specific location of lesions.
Therefore, data on the number and location of lesions
from larger samples is crucial to more accurately inter-
pret our results. Second, there was a lack of classification
of ICVD subtypes; therefore, we could not confirm IL-17
level according to different subtypes. Third, owing to the
presence of heterogeneity, the racial and ethnic back-
grounds and measurement methods in the included stud-
ies may not be comparable.

Conclusions

In this study, we conducted a meta-analysis to compre-
hensively assess the correlation between IL-17 level and
ICVD. We found that IL-17 level among patients in the
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case group were higher than those in healthy controls,
indicating that high IL-17 level may be a risk factor for
ICVD.

Abbreviations

ACS Acute coronary syndrome

SMD Standardized mean difference
IL-17  Interleukin 17

ICVD  Ischemic cardiovascular disease
SD Standard deviation

@] Confidence interval

v Inverse variance

SE Standard error

ELISA  Enzyme-linked immunosorbent assay
FCM Flow cytometry

df Degrees of freedom

IFN-y  Interferon gamma

IS Ischemic stroke

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512872-024-03897-w.

[ Supplementary Material 1. }

Acknowledgements
We thank Analisa Avila, MPH, ELS, of Liwen Bianji (Edanz) (www.liwenbianji.cn)
for editing the language of a draft of this manuscript.

Authors’ contributions

Xingguang Zhang had made major contributions to the designed and the
conception of this work. Yu Miao and Tao Yan performed the systematic search
and selected the studies, analyzed the data, prepared and critically reviewed
the manuscript, and had primary responsibility for the final content. Data
curation was performed by Chunfa Zhang, and data analysis was performed

by Jinli Yan. Lei Xu was responsible for software operations and Ning Cao
performed data screening and preliminary analysis. Yu Miao wrote the manu-
script. Nan Zhang and Xingguang Zhang reviewed and edited the manuscript.
All authors read and approved the final manuscript.

Funding

This study was supported by the National Natural Science Foundation of
China [grant number: 82160639]; the Scientific and Technological Innovative
Research Team for Inner Mongolia Medical University of Study on Molecular
Epidemiology and Prevention of Cardiovascular Diseases [YKD2022TDO015];
the Program for Young Talents of Science and Technology in Universities of
Inner Mongolia Autonomous Region [grant number: NJYT22008]; the Inner
Mongolia Health Science and Technology Project [grant number: 202201227];
the General Project of Inner Mongolia Medical University [grant number:
YKD2021MS001]; the Discipline Construction Project of Inner Mongolia Medi-
cal University [grant number: YKD2022XK012J; the Project of National Health
Commission [202202123, 202202148]; the Inner Mongolia Medical University
program [YKD2021MS044, YKD2022MS011]; the Inner Mongolia Medical Uni-
versity doctoral program [YKD2020BSJJO17]; Natural Science Foundation pro-
ject of Inner Mongolia Autonomous Region [project number 2023QN08030];
Inner Mongolia Medical University [program number YKD2022MS079]; Inner
Mongolia Medical University [discipline construction project YKD2023XK015];
and Inner Mongolia Autonomous Region Health Commission [A class project
202201268].

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Page 9 of 10

Consent for publication
Written informed consent for publication was obtained.

Competing interests
The authors declare no competing interests.

Received: 16 November 2023 Accepted: 22 April 2024
Published online: 16 May 2024

References

1. Kasikara C, Doran AC, Cai B, et al. The role of non-resolving inflammation
in atherosclerosis. J Clin Investig. 2018;128(7):2713-23.

2. Tedgui A, Mallat Z. Cytokines in atherosclerosis: pathogenic and regula-
tory pathways. Physiol Rev. 2006;86(2):515-81.

3. Williams JW, Huang LH, Randolph GJ. Cytokine circuits in cardiovascular
disease. Immunity. 2019;50(4):941-54.

4. lwakura, Ishigame H, Saijo S, et al. Functional specialization of interleu-
kin-17 family members. Immunity. 2011;34(2):149-62.

5. Avramakis G, Papadimitraki E, Papakonstandinou D, et al. Platelets and
white blood cell subpopulations among patients with myocardial infarc-
tion and unstable angina. Platelets. 2007;18(1):16-23.

6. LeeYW,Kim PH, Lee WH, et al. Interleukin-4, oxidative stress, vascular
inflammation and atherosclerosis. Biomol Ther (Seoul). 2010;18(2):135-44.

7. SimonT, Taleb S, Danchin N, et al. Circulating level of interleukin-17 and
cardiovascular outcomes in patients with acute myocardial infarction. Eur
Heart J. 2013;34(8):570-7.

8. Pasqui AL, di Renzo M, Auteri A, et al. Cytokines in acute coronary syn-
dromes. Int J Cardiol. 2005;105(3):355-6.

9. ShiSW, Li QX, Fu QQ, et al. Detection of plasma IL-10, IL-17, IL-18 and
C-reactive protein level in patients with coronary heart disease %. J Clin
Cardiol. 2008;10(1):755-8.

10. Taleb S, Romain M, Ramkhelawon B, et al. Loss of SOCS3 expression in T
cells reveals a regulatory role for interleukin-17 in atherosclerosis. J Exp
Med. 2009;206(10):2067-77.

11. Danzaki K, MatsuiY, lkesue M, et al. Interleukin-17A deficiency accelerates
unstable atherosclerotic plaque formation in apolipoprotein E-deficient
mice. Arterioscler Thromb Vasc Biol. 2012;32(2):273-80.

12. Wells GA, Shea B, O'Connell D, et al. The Newcastle-Ottawa Scale (NOS)
for assessing the quality if nonrandomized studies in meta-analyses [EB/
OL]. [2012-06-15]. http://www.ohri.ca/programs/clinical_epidemiology/
oxford.htm.

13. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assess-
ment of the quality of nonrandomized studies in meta-analyses. Eur J
Epidemiol. 2010;25(9):603-5.

14. Liu'S,Wang C, Guo J, et al. Serum cytokines predict the severity of coro-
nary artery disease without acute myocardial infarction. Front Cardiovasc
Med. 2022;9:896810.

15. LuH,Yang Q, Zhang Y. The relation of common inflammatory cytokines
with anxiety and depression and their values in estimating cardio-
vascular outcomes in coronary heart disease patients. J Clin Lab Anal.
2022,36(6):224404.

16. Adamski MG, Li Y, Wagner E, et al. Pre-existing hypertension dominates
yoT cell reduction in human ischemic stroke. PLoS ONE. 2014;9(5):97755.

17. Del Rosario Espinoza Mora M, Bohm M, Link A. The Th17/Treg imbalance
in patients with cardiogenic shock. Clin Res Cardiol. 2014;103(4):301-13.

18. LiQ,WangY,YuF, et al. Peripheral Th17/Treg imbalance in patients
with atherosclerotic cerebral infarction. Int J Clin Exp Pathol.
2013;6(6):1015-27.

19. Hashmi S, Zeng QT. Role of interleukin-17 and interleukin-17-induced
cytokines interleukin-6 and interleukin-8 in unstable coronary artery
disease. Coron Artery Dis. 2006;17(8):699-706.

20. Roth GA, Mensah GA, Johnson CO, et al. Global burden of cardiovascular
diseases and risk factors, 1990-2019: update from the GBD 2019 Study. J
Am Coll Cardiol. 2020;76(25):2982-3021.

21. Zhou M, Wang H, Zeng X, et al. Mortality, morbidity, and risk factors in
China and its provinces, 1990-2017: a systematic analysis for the Global
Burden of Disease Study 2017. Lancet. 2019;394(10204):1145-58.


https://doi.org/10.1186/s12872-024-03897-w
https://doi.org/10.1186/s12872-024-03897-w
http://www.liwenbianji.cn
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm

Miao et al. BMC Cardiovascular Disorders (2024) 24:252 Page 10 of 10

22. LiuS, LiY, Zeng X, et al. Burden of cardiovascular diseases in China,
1990-2016: findings from the 2016 Global Burden of Disease Study. JAMA
Cardiol. 2019;4(4):342-52.

23. Jafarzadeh A, Esmaeeli-Nadimi A, Nough H, et al. Serum level of inter-
leukin (IL)-13, IL-17 and IL-18 in patients with ischemic heart disease.
Anadolu Kardiyol Derg. 2009;9(2):75-83.

24. LiD, Che H, FuY.Changes of serum IL-17, IL-35 and hs-CRP level and their
clinical significance in patients with coronary heart disease%. J Chin Med
Guide. 2016;14(16):104.

25. LiS,DaiQ Yu J, et al. Identification of IL.-17A-derived neural cell type and
dynamic changes of IL-17A in serum/CSF of mice with ischemic stroke.
Neurol Res. 2017;39(6):552-8.

26. Nguyen H, Chiasson VL, Chatterjee P, et al. Interleukin-17 causes Rho-
kinase-mediated endothelial dysfunction and hypertension. Cardiovasc
Res. 2013;97(4):696-704.

27. LiHL, Kostulas N, Huang YM, et al. IL.-17 and IFN-gamma mRNA expres-
sion is increased in the brain and systemically after permanent middle
cerebral artery occlusion in the rat. J Neuroimmunol. 2001;116(1):5-14.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Meta-analysis of the association between interleukin-17 and ischemic cardiovascular disease
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Search strategy
	Literature screening and data extraction
	Literature quality evaluation
	Statistical analysis

	Results
	Basic information of the included studies
	Meta-analysis of quantitative variables
	Combined effect size results
	Sensitivity analysis


	Discussion
	Conclusions
	Acknowledgements
	References


