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Background: The relationship between serum IL-38 and major adverse cardiovascular events (MACE) in patients with ST elevation 
myocardial infarction (STEMI) remains unclear.
Methods: In the present study, 589 STEMI patients were included, the serum level of IL-38 was measured. The median follow-up 
time was 720 days, the STEMI patients were divided into high IL-38 (IL-38>6.49ng/mL) and low IL-38 groups (IL-38≤6.49ng/mL) to 
compare the probability of MACE.
Results: Plasma IL-38 levels were significantly lower in STEMI patients than in SAP patients (4.0±2.2 vs 6.9±3.2 ng/mL, P < 0.001). 
Ninety-three STEMI patients met the defined MACE study endpoint. The incidence of MACE was significantly lower in patients with 
high IL-38 group than in patients with low IL-38 group (7.8% vs 23.7%, P < 0.001). Low plasma IL-38 levels were independently 
associated with the occurrence of MACE (OR = 0.90, P < 0.001).
Conclusion: We get a conclusion that low plasma levels of IL-38 are independently associated with the occurrence of MACE.
Keywords: inflammatory response, SAP, IL-38, STEMI, MACE

Introduction
ST-segment elevation myocardial infarction (STEMI) is one of the most common causes of death in cardiovascular 
disease.1 Although current lipid-lowering, antiplatelet and interventional therapies have significantly reduced morbidity 
and mortality in patients with STEMI, patients with STEMI are still at risk of recurrence after hospital discharge.2 

Therefore, the prediction of post-discharge major cardiovascular adverse events (MACE) is of great clinical importance 
for the construction of risk stratification and management of STEMI patients. Although some blood biomarkers have 
been reported in previous studies to predict the occurrence of MACE events in STEMI patients after hospital discharge, 
they have not been widely used in the clinic.3,4 Therefore, more studies are needed to focus on clinical biomarkers of 
MACE occurrence in STEMI patients.

Inflammatory cytokines are thought to be key factors in the development of atherosclerosis, and inflammatory factors 
secreted by immune cells in atherosclerotic plaque can increase plaque instability by recruiting immune cells and 
promoting smooth muscle cell proliferation.5–7 Furthermore, previous studies have reported that pro-inflammatory factors 
can be used to predict offender plaque characteristics and adverse cardiovascular events after hospital discharge in 
patients with STEMI.8–10 It was found that TNF-α expression in monocytes is highly correlated with plaque rupture, and 
TNF-α can be used to predict the occurrence of plaque rupture.11 Evidence suggested that the IL-1β concentration in 

International Journal of General Medicine 2023:16 2987–2997                                           2987
© 2023 Lu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of General Medicine                                             Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 16 April 2023
Accepted: 3 July 2023
Published: 12 July 2023

http://orcid.org/0000-0003-1096-6629
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


STEMI at admission was association with the risk of mortality and recurrent MACE, the increase of IL-1β concentration 
was the independent predictor of MACE.12 Moreover, it was supported that serum IL-18 levels in STEMI patients were 
independent predictors of long-term MACE.13

As we know, immune cells contribute to the progression of cardiovascular diseases. After myocardial infarction, 
CD4-positive T cells are activated and recruited to the injury site, these cells secrete characteristic inflammatory factors 
that exacerbate myocardial cell damage.14,15 Moreover, the gene set of immune cells after myocardial infarction has been 
extensively studied for the diagnosis and prediction of myocardial infarction.16–19 Recently, a series of novel inflamma-
tory factors, such as IL-36, IL-37 and IL-38, were identified here.20 Current studies have confirmed that these novel 
inflammatory factors are closely associated with the progression of atherosclerosis.21,22 Sara et al found that specific 
over-expression of IL-37 in macrophages significantly attenuated atherosclerosis progression in hyperlipidemic mice.23 

Furthermore, IL-37 levels in patients with STEMI are highly associated with cardiovascular events in patients with 
atherosclerosis.24 IL-38 is a newly identified IL-1 family cytokine that is expressed in a variety of tissues and secreted by 
a variety of cells. IL-38 has recently been reported to exert anti-inflammatory functions by binding to a variety of 
receptors, including IL-36 receptor, IL-1 receptor accessory protein-like 1 and IL-1 receptor 1, which block binding to 
other pro-inflammatory cytokines and inhibit subsequent signaling pathways.25–27 However, the relationship between IL- 
38 levels and MACE in patients with ACS remains unclear.

In the present study, we compared the differences in peripheral blood IL-38 levels between patients with STEMI and 
patients with stable angina and investigated the relationship between IL-38 levels and MACE in STEMI patients after 
hospital discharge.

Method
Study Population and Design
The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki. The study was approved by 
the Harbin Medical University ethics committee, all the patients provided written informed consent.

The study flow chart is shown in Figure 1. Patients with a diagnosis of STEMI and were consecutively enrolled from 
January 2017 to April 2019 coming to the Department of Cardiology of the first Affiliated Hospital of Harbin Medical 
University. Patients with stable angina pectoris (SAP) were consecutively enrolled from January 2019 to March 2019 
coming to the Department of Cardiology of the first Affiliated Hospital of Harbin Medical University. Among them, 627 
patients with STEMI and 55 patients with SAP. The criteria for selection were 1) patients diagnosed with STEMI 
according to ESC guidelines,27 2) time from the onset of chest pain symptoms to admission less than 6 hours, 3) 
receiving percutaneous coronary revascularization intervention, and 4) signing an informed consent. Exclusion criteria 
for STEMI and SAP patients were: 1) patients with malignancy; 2) autoimmune diseases such as systemic lupus 
erythematosus, rheumatoid arthritis, and compulsory spondylitis; 3) co-infection with severe infection; 4) refusal to 
sign informed consent; and 5) hemodynamic instability during PCI. Thirty-eight patients with STEMI were excluded, and 
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589 patients with STEMI were included in this study. The criteria of selection for SAP patients: 1) The patient’s 
symptoms meet the diagnostic criteria of the American Heart Association SAP;28 2) No history of ACS or unstable 
angina; 3) Coronary angiography stenosis is less than 50%; 4) Sign informed consent.

End Points
According to previous studies,29,30 MACE includes non-fatal myocardial infarction, target lesion revascularization 
(TLR), acute heart failure and cardiogenic death. Non-fatal myocardial infarction was defined as recurrent chest pain 
and/or the presence of new ECG changes (clinically guided ST-segment elevation or depression) with a 20% new 
increase in cardiac biomarkers (troponin as well as cardiac enzymes) measured after the recurrent event. Target vessel 
revascularization is defined as revascularization of the target vessel (including coronary artery bypass surgery and 
percutaneous coronary intervention) as required by the patient’s clinical symptoms and laboratory tests. Acute heart 
failure during the index hospitalization was defined as dyspnea, accompanied by physical signs of heart failure and need 
for additional/increased heart failure therapy. Cardiogenic death was defined as death due to MI or other cardiac causes. 
All adverse events were defined as occurring during follow-up after discharge.

Assessment of Serum IL-38 Levels
When the patient was just admitted, 5mL of venous blood was drawn with the patient’s consent, centrifuged using 
a cryogenic centrifuge (3000 rpm for 15 minutes), and the supernatant was collected and stored at −80 °C. We used 
Human IL-38/IL1F10 ELISA Kit (Boster, China) to measure plasma levels of IL-38 according to the manufacturer’s 
instructions. The experimenter was single-blind in the grouping of blood samples.

Statistical Analysis
Continuous data are presented as mean ± SD or median (interquartile range). The Student’s t-test or the Mann–Whitney 
U-test were used for statistical comparisons in two groups. Categorical variables are presented as count (percent), 
comparisons between groups were made with the χ2 or Fisher exact test. As mentioned in previous studies, we divided 
the patients into high IL-38 group (>6.49ng/mL) and low IL-38 group (≤6.49ng/mL) according to the median plasma IL- 
38 level of STEMI patients.31,32 For survival analysis, time-to-first event curves were generated by Kaplan–Meier 
analysis, and compared using the Log rank test. A COX regression model was used to evaluate the association between 
MACE and IL-38 level and was adjusted for all other baseline characteristics with p <0.10 and clinical cardiovascular 
risks on univariable analysis. Statistical analysis was performed with SPSS (Version 22.0). The sample size for the trial 
was estimated on the basis of the findings from our previous study.33 We speculated that the incidence of MACE in the 

Figure 1 Flow chart in the present study.
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two groups was less than 9% and more than 20%, respectively. We calculated a power value of 0.88. According to this 
result, more than 200 patients per group are required, but taking into account the effect of covariates, we increased the 
number of patients in both groups by 30%.

Result
STEMI Patients Shown Significantly Lower IL-38 Level Than SAP
Clinical baseline of 589 patients with STEMI and 55 patients with SAP are shown in Table 1, where we observed no 
significant differences between the two groups in terms of age, gender, smoking history, ejection fraction, hemoglobin, 
platelets, and creatinine. The percentage of STEMI patients with hypertension and diabetes mellitus was significantly 
higher than that of patients in the SAP group. In addition, white blood cell count, lipid levels and Hypersensitive 
C-reactive protein (hs-CRP) levels were significantly higher in STEMI patients than in SAP patients. Correlation analysis 
of TNI, hs-CRP, BNP and IL-38 was performed, and the results are shown in Supplementary Table 1. Furthermore, 
Figure 2 shows that plasma levels of IL-38 were significantly lower in STEMI patients than in SAP patients (4.0±2.2 vs 
6.9±3.2 ng/mL, P < 0.001).

The Incidence of MACE Was Higher in STEMI Patients with Low IL-38
To investigate the relationship between IL-38 levels and the time to MACE in STEMI patients, we divided the patients 
into two groups (higher IL-38 group, IL-38>6.49ng/mL; lower IL-38 group, IL-38≤6.49ng/mL;) based on the median 
plasma IL-38 in STEMI patients. The clinical baseline of these patients is shown in Table 2. It can be observed that in 
higher IL-38 group, the level of LDL-C (105.3±21.3 vs 185.3±62.1mg/dL, P < 0.001) and platelet count (254.0±50.8 vs 
271.7±50.8 10^9/L, P = 0.014) was significantly lower that lower IL-38 group. There is no significant difference in age, 

Table 1 Clinical Data of the SAP and STEMI Patients

SAP (n=55) STEMI (n=589) P-value

Age (year) 53.7±10.7 56.1±11.7 0.068

Gender (male, %) 34 (61.8) 435 (73.9) 0.056
Smoker (%) 31 (56.4) 340 (57.7) 0.856

DM (%) 6 (10.9) 162 (27.5) 0.009

Hypertension (%) 6 (10.9) 308 (52.3) <0.001
WBC, 10^9/L 8.5±3.0 10.4±4.9 <0.001

Ejection fraction (%) 53.7±11.9 51.1±6.7 0.065

Hemoglobin (g/L) 145.3±17.6 141.7±18.3 0.091
Platelet, 10^9/L 256.0±83.9 261.0±56.4 0.301

Creatinine (µmol/l) 77.0±16.7 79.5±23.7 0.236

HbA1c (%) 5.9±0.9 6.6±1.4 <0.001
hs-CRP (mg/L) 1.6(0.6, 4.5) 2.5(5.3, 7.9) <0.001

Triglyceride (mg/dL) 106.1±61.4 162.5±85.7 0.016

Cholesterol (mg/dL) 136.5±46.4 181.4±47.3 <0.001
LDL-C, mg/dL 84.9±22.6 145.2±64.2 <0.001

DAPT (%) 2 (3.6) 581 (98.6) <0.001

Statins (%) 55 (100.0) 583 (99.0) 0.428
β-blockers (%) 42 (76.4) 579 (98.3) <0.001

ACEI or ARB (%) 40 (72.7) 148 (25.1) 0.003

CCB (%) 6 (10.9) 46 (7.8) 0.434
IL-38 (ng/mL) 4.0±2.2 6.9±3.2 <0.001

Note: Values are presented as n (%), mean ± SD or median (25th–75th percentiles). 
Abbreviations: WBC, white bold cell; CRP, C-reactive protein; LDL-C, low-density lipoprotein 
cholesterol; HDL-C, high-density lipoprotein cholesterol; SD, standard deviation; TC, total choles-
terol; DM, diabetes mellitus; DAPT, dual antiplatelet; CCB, calcium channel blockers; hs-CRP, high- 
sensitivity C-reactive protein.
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gender, hypertension, diabetes mellitus, culprit vessel, TIMI (Pre-PCI) and TIMI (Post-PCI) between the two groups. 
Also, we also found that the level of hs-CRP, creatinine, HbA1c, and hemoglobin did not differ between the two groups. 
However, the median follow-up period was 720 days, the incidence of MACE was significantly higher in the low-IL-38 
group than in the high-IL-38 group during follow-up time (23.4% vs 7.2%, P < 0.001).

Serum IL-38 Levels are an Independent Predictor of MACE in STEMI Patients
To further investigate the relationship between IL-38 and MACE, we analyzed the survival rate between the two groups 
using the KM survival curve. As shown in Figure 3, the incidence of MACE was much higher in the group with low IL-38 
levels than in the group with high IL-38 levels. The details of MACE in the two groups are shown in Table 3. Moreover, 
multivariable regression analysis was used to investigate the independent association between IL-38 and MACE (Table 4), 
and it was found that IL-38 levels remained independently associated with MACE occurrence after adjusted for gender, age, 
smoking, DM, lipid levels, culprit lesion, and TIMI blood flow classification (HR = 0.90, P = 0.040).

Discussion
In the present study, we came to the following main conclusions, 1) plasma IL-38 levels were significantly lower in 
STEMI patients than in SAP patients. 2) MACE were significantly higher in patients with plasma IL-38 levels less than 
6.49 ng/mL than in patients with IL-38 greater than 6.49 ng/mL. 3) Plasma IL-38 levels were independently associated 
with the occurrence of MACE.

Atherosclerosis is chronic inflammatory and inflammatory factors are involved in the whole process of 
atherosclerosis.34,35 The CANTOS study showed that the use of IL-1β monoclonal antibody was effective in reducing 
the occurrence of MACE in patients with acute myocardial infarction.36 Monoclonal antibodies to IL-6 also significantly 
improved the long-term prognosis of STEMI patients.37 Moreover, Colchicine has also been shown to improve the 
clinical prognosis of patients with acute coronary syndrome by inhibiting inflammasome.38 These clinical trials suggested 
that inflammatory factors are closely associated with the progression of atherosclerosis-related diseases. However, 
previous studies have mostly focused on the role and potential mechanisms of classical inflammatory factors in 
atherosclerosis-related diseases. In recent years, more and more novel inflammatory factors have been identified, such 
as IL-37, and studies have confirmed that these novel inflammatory factors play an extremely important role in 
atherosclerosis.39,40 However, the role and value of these inflammatory factors for the diagnosis and prognostic 
evaluation of patients with atherosclerosis need to be further investigated.

Figure 2 The level of IL-38 levels in SAP and STEMI patients. The level of IL-38 levels in SAP and STEMI patients. P-values are for Student’s t-test.
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We found that IL-38, a novel inflammatory factor, was significantly decreased in STEMI patients than SAP patients. 
Although our results do not match the clinical baseline of SAP and STEMI patients, these results suggest that IL-38 may 
play an important role in the progression of SAP to STEMI. Based on these findings, we considered whether IL-38 also 
had a poor prognostic effect in STEMI populations. Therefore, we divided STEMI patients into high and low IL-38 
groups based on their IL-38 levels. In addition, the incidence of MACE was significantly lower in the higher IL-38 group 
than in the lower IL-38 group during follow-up time. To date, there are no data on the correlation between IL-38 levels 
and the diagnosis and prognosis of atherosclerosis-related diseases. Our results demonstrate that an independent 
correlation between plasma IL-38 levels and the occurrence of MACE after hospital discharge in STEMI patients. It 
was reported that IL-38 may be associated with patient sensitivity to lipid-lowering therapy and found that IL-38 levels in 
peripheral blood were significantly higher in statin-sensitive hyperlipidemic patients than in statin-resistant patients.41 At 

Table 2 Clinical, Angiographic, and Procedural Data of the Study Patients

IL-38>6.49 ng/mL (n=294) IL-38≤6.49 ng/mL (n=295) P-value

Age (year) 56.6±11.4 55.7±9.9 0.267
Gender (male, %) 210 (71.4) 225 (76.3) 0.181

Smoker (%) 140 (47.6) 200 (67.8) <0.001

DM (%) 72 (24.5) 90 (30.5) 0.092
Hypertension (%) 150(51.0) 158 (53.6) 0.537

WBC, 10^9/L 10.7±6.0 10.9±3.29 0.171

Ejection fraction (%) 59.3±6.19 58.8±7.2 0.310
Hemoglobin (g/L) 141.9±16.6 141.4±19.9 0.432

Platelet, 10^9/L 254.0±50.8 271.7±50.8 0.014
Creatinine (µmol/l) 80.0±27.7 79.0±18.7 0.381

HbA1c (%) 6.6±1.5 6.6±1.4 0.431

hs-CRP (mg/L) 4.5(2.2, 6.3) 5.9(2.1, 7.5) 0.004
Triglyceride (mg/dL) 154.2±90.0 170.6±80.8 0.083

Total cholesterol (mg/dL) 176.3±44.4 186.6±49.6 0.058

LDL-C, mg/dL 105.3±21.3 185.3±62.1 <0.001
DAPT (%) 290 (98.6) 291 (98.6) 0.997

Statins (%) 291 (99.0) 292 (99.0) 0.997

β-blockers (%) 289 (98.3) 290 (98.3) 0.996
ACEI or ARB (%) 100 (34.0) 48 (16.3) <0.001

CCB (%) 20 (6.8) 26 (8.8) 0.389

Culprit vessel 0.760
LAD 148 (50.3) 154 (52.2)

RCA 117 (39.8) 109 (36.9)

LCX 29 (9.9) 32 (10.8)
TIMI (Pre-PCI) 0.403

0 185 (62.9) 200 (67.8)

1 55 (18.7) 45 (15.3)
2 50 (17.0) 43 (14.6)

3 4 (1.4) 7 (2.4)

TIMI (Post-PCI) 0.773
0 1 (0.3) 1 (0.3)

1 5 (1.7) 6 (2.0)

2 6 (2.0) 10 (3.4)
3 282 (95.9) 278 (94.2)

MACE 23 (7.8) 70 (23.7) <0.001

Note: Values are presented as n (%), mean ± SD or median (25th–75th percentiles). 
Abbreviations: WBC, white bold cell; CRP, C-reactive protein; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density 
lipoprotein cholesterol; SD, standard deviation; TC, total cholesterol; DM, diabetes mellitus; DAPT, dual antiplatelet; CCB, calcium 
channel blockers; MACE, major adverse cardiac events; hs-CRP, high-sensitivity C-reactive protein.
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the animal level, overexpression of IL-38 gene by adenovirus was found to be effective in ameliorating hyperlipidemia, 
inhibiting the secretion of inflammatory factors and attenuating the progression of atherosclerosis. These results can 
provide some theoretical basis for our conclusions. There are also studies of IL-38 and cardiovascular disease in obese 

Figure 3 Kaplan–Meier time-to-first event curves of IL-38 separately for MACE. P-values are for Log rank test.

Table 3 MACE Stratified by IL-38>6.49 ng/ml and IL-38≤6.49 ng/ml

All (n=589) IL-38>6.49 ng/mL (n=294) IL-38≤6.49 ng/mL (n=295) p-value

Cardiac death 7(1.18) 2(0.68) 5(1.69) 0.256

TLR 29(4.92) 8(2.72) 21(7.12) 0.013
NF-MI 24(4.07) 5(1.70) 19(6.44) 0.004

AHF 32(5.43) 8(2.72) 25(7.12) 0.002

Abbreviations: NF-MI, non-fatal myocardial infarction; AHF, acute heart failure; TLR, target lesion revascularization.

Table 4 Cox Regression Analyses of Plasma IL-38 Levels for MACE

Variables Unadjusted Adjusted

HR 95% Cl P value HR 95% Cl P value

Age 1.14 1.02 to 1.27 <0.001 1.08 1.02 to 1.15 0.005

Diabetes mellitus 2.12 1.10 to 4.10 <0.001 1.76 1.39 to 2.16 0.002

Hypertension 2.03 1.27 to 3.49 <0.001 1.90 1.25 to 4.80 <0.001
Smoker 2.74 1.33 to 4.00 <0.001 1.26 1.86 to 4.11 <0.001

TIMI (≤3) 2.55 1.49 to 4.44 <0.001 1.98 1.46 to 2.16 0.012

hs-CRP 0.95 0.85 to 0.98 0.032 0.96 0.86 to 0.98 0.041
LDL-C 1.11 0.88 to 1.30 0.215

Ejection fraction 0.95 0.88–0.98 0.311

WBC 1.02 0.95 to 1.13 0.333
LAD 1.34 1.09 to 1.78 0.018 1.28 1.11 to 1.77 0.017

ACEI or ARB 0.85 0.55 to 0.90 <0.001 0.89 0.66 to 0.92 0.013

IL-38 0.95 0.77 to 0.97 <0.001 0.90 0.62 to 0.95 0.040

Abbreviations: TIMI, thrombolysis in myocardial infarction; hs-CRP, high-sensitive C-reactive protein; WBC, white blood cell; 
LAD, Left anterior descending; LDL-C, low density lipoprotein cholesterol; ACEI, angiotensin-converting enzyme inhibitors; ARB, 
angiotensin receptor blocker; IL-38, interleukin-38.
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patients. Dennis et al reported that in obese populations with impaired B-cell secretion of IL-38, aging, inflammation- 
related gene expression was significantly upregulated, and the incidence of cardiovascular disease was significantly 
higher42 This study suggests that the role of IL-38 may be related to obesity. However, our results did not take into 
account obesity; therefore, further studies are needed to investigate the ability of IL-38 to evaluate the prognosis of 
patients with STEMI in a population with different height-to-weight ratios.

Ejection fraction proved to be an independent predictor of MACE events.43 However, in our results, there was no 
significant difference in ejection fraction between the two groups of patients. The possible reasons are as follows: 1) The 
time from onset to admission was short, and the cardiac function was not seriously impaired; 2) Patients with 
hemodynamic instability have been excluded. Previous study reported that an elevated BNP level was associated with 
a higher risk of postoperative cardiogenic shock.44 Further studies are needed to clarify the predictive value of combined 
BNP and IL-38 for MACE.

As we all know, atherosclerosis is a chronic inflammatory disease.11,45,46 Several studies have found the role of other 
inflammatory factors in predicting poor outcomes in patients with STEMI. DNMT3A- and TET2-clonal haematopoiesis- 
driver mutations have been shown to drive inflammation to promote atherosclerosis. It was reported that DNMT3A and 
TET2 were independently associated with poor outcomes in STEMI patients.33 Another study has found that the ratio 
fraction of IL-6/IL-8 can predict the occurrence of MACE, an IL-6-IL-8 score derived from PCA was found to 
independently predict MACE at one year. Further studies showed that the predictive value of IL-6/IL-8 scores was higher 
than that of inflammatory factors alone.9 Although our results found that IL-38 can predict MACE, these results suggest that 
the combination of IL-38 with other inflammatory agents can effectively increase the predictive value of IL-38.

Moreover, there are several studies reported that other inflammatory factors have the ability to predict the clinical 
outcome of patients with STEMI. Yang et al reported that the level of IL-18 on admission could predict 60-day adverse 
clinical outcome and contribute to the level of plasma IL-18 on admission may predict 60-day adverse clinical outcome 
in STEMI patients.47 However, Individual inflammatory markers may have limited predictive power for MACE. It was 
reported that both IL-6 and IL-8 were associated with adverse outcome in acute myocardial infarction, while an IL-6-IL-8 
score derived from principal component analysis showed a stronger ability to predict MACE.9 Furthermore, Reza et al 
found that the levels of pro-inflammatory factors were consistently increased in the MACE group and that the 
combination of pro-inflammatory factor levels may serve as a useful predictor of MACE.48 These results suggest that 
anti-inflammatory is an effective means to reduce the occurrence of MACE. In addition, multiple factors in combination 
with IL-38 are required to predict MACE in STEMI patients.

IL-38 belongs to the IL-36 family of cytokines, while IL-36 is part of the IL-1 family. It has been found that IL-38 
can exert inflammatory and autoimmune suppressive effects by agonizing IL-36 receptors.49,50 Our results found that 
decreased IL-38 levels were independently associated with the occurrence of MACE in STEMI patients. However, the 
underlying mechanism for the protective role of IL-38 in atherosclerosis remains unclear. Only in-animal evidence alone 
suggests that IL-38 may slow the progression of atherosclerosis by improving lipid levels and inhibiting the inflammatory 
response.41 There is some evidence that IL-38 inhibits cardiac remodeling as well as myocardial inflammation. Firstly, it 
was found that in mice with myocarditis, the gene levels of IL-36 receptor were significantly elevated in myocardial 
tissue, and plasma levels of IL-38 were also significantly elevated, which suggests that IL-38 may have a protective effect 
on myocardial inflammation. In addition, neutralizing IL-38 antibodies significantly exacerbated heart failure and 
significantly increased mortality in mice with myocarditis, and further study of the mechanism revealed that this may 
be achieved through inhibition of th17 cell differentiation.51 Secondly, Wei et al reported that, in the anterior descending 
ligation mouse model, the level of IL-38 was significantly elevated. However, exogenous supplementation of IL-38 
significantly improved cardiac ejection function and inhibited cardiac remodeling in mice, the underlying mechanism 
may be the inhibition of dendritic cell hyperactivation.52 Therefore, combining our results with previous literature, we 
hypothesize that low levels of IL-38 are independently associated with poor prognosis in atherosclerosis-related diseases 
and that IL-38 supplementation may be a new potential target for the treatment of atherosclerosis-related diseases. 
Furthermore, IL-38 levels may be beneficial for risk stratification in STEMI patients, and more randomized controlled 
studies are needed to confirm our view.
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Limitations
There are limitations to this study. First, this study is a single-center study with some geographical limitations of patients, 
and the findings may not apply to all STEMI patients. Our patients were all from northeast China, so our conclusions 
may only be applicable to part of the population. You cannot generalize to the whole population. Therefore, further large 
prospective cohort studies are needed to confirm the reliability of the conclusions. Second, the study enrolled a small 
number of patients, and the findings need to be further confirmed by a multicenter prospective study with a large sample 
size. Thirdly, in the IL-38≤6.49 group, the rate of smoking and hyperlipidemia was higher, although not significant. 
These may have affected the MACE rates in the group. Finally, IL-38 levels change continuously at different times of 
STEMI patient onset, and we only recorded IL-38 levels at the time of patient admission, without real-time testing of IL- 
38 levels in patients. Further studies are needed to observe the potential relationship between dynamic changes in IL-38 
and the long-term prognosis of STEMI patients.

Conclusion
In STEMI patients, low plasma levels of IL-38 are independently associated with the occurrence of MACE. IL-38 
facilitates clinical risk stratification in STEMI patients.
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