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Abstract 

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 
effects model for meta-analysis and subgroup analysis.

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% CI): 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-
ity in the published studies.

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.
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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 

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.

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 
Newcastle–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 I2 test was used to evaluate the sta-
tistical heterogeneity of the included studies. P < 0.05 and 
I2 ≥ 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 

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 (I2 = 97%, 
P < 0.001). The IL-17 level in the case group was higher 
than those in the control group, and the difference 

Fig. 1  Literature screening process
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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 

Table 2  Quality evaluation for the included studies

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

Study Research object selection Comparability 
between groups

Exposure or outcome 
evaluation

total points

(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

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

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; CI, confidence interval

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
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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; CI, confidence interval; IV, inverse 
variance
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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-γ), 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]. 

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
CI	� Confidence interval
IV	� Inverse variance
SE	� Standard error
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