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Abstract: Cardiovascular diseases (CVDs) are a leading cause of global morbidity and mortality, sig-
nificantly driven by chronic inflammation. Interleukin-6 (IL-6) and interleukin-1§ (IL-1f3) are critical
inflammatory cytokines implicated in CVD progression. This systematic review evaluates the roles of
IL-6 and IL-1f in CVDs by synthesizing data from relevant studies to understand their impact on
cardiovascular outcomes and identify potential therapeutic interventions. A comprehensive literature
search was conducted using PubMed and Embase, covering studies from January 2014 to December
2024. Inclusion criteria encompassed studies investigating IL-6 and/or IL-1p in CVDs, including
human and relevant animal models, and reporting clinical outcomes, molecular mechanisms, or
therapeutic interventions. Data extraction and quality assessment were performed independently by
two reviewers. Our review included 12 studies focusing on the roles of IL-6 and IL-1§ in various
CVDs. Elevated IL-6 levels were significantly associated with peripheral artery disease, myocardial
infarction, and heart failure, while IL-1f levels were linked to worse outcomes in coronary artery
disease and heart failure. Meta-analyses indicated a significant association between higher IL-6
and IL-1p levels and increased risk of adverse cardiovascular events. These findings suggest that
targeting IL-6 and IL-1j3 could offer promising therapeutic strategies for reducing inflammation and

improving cardiovascular outcomes.
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1. Introduction

Cardiovascular diseases (CVDs) are a leading cause of morbidity and mortality world-
wide, encompassing disorders such as coronary artery disease, heart failure, and stroke [1,2].
These diseases pose a significant public health challenge, with rising prevalence and sub-
stantial economic impact. Chronic inflammation is a critical factor in the pathogenesis
of CVDs, with interleukin-6 (IL-6) and interleukin-13 (IL-1f) playing pivotal roles in
promoting vascular inflammation and adverse cardiovascular events [3,4].

IL-6 is a multifunctional cytokine produced by various cell types in response to
infections and tissue injuries. It orchestrates the acute phase response and stimulates the
production of acute phase proteins like C-reactive protein (CRP), which is commonly used
as a clinical marker of inflammation [5]. Elevated IL-6 levels have been linked to several
adverse cardiovascular outcomes, including an increased risk of myocardial infarction,
heart failure, and overall mortality in CVD patients [6,7]. This cytokine not only reflects the
inflammatory status but also contributes to the progression of atherosclerosis by promoting
endothelial dysfunction and plaque instability.

IL-13, another key pro-inflammatory cytokine, is primarily produced by activated
macrophages. It promotes endothelial cell activation and leukocyte recruitment, thereby
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accelerating the atherosclerotic process [8,9]. Elevated IL-1p levels are associated with
adverse outcomes in coronary artery disease and heart failure, highlighting its role in both
the initiation and progression of atherosclerosis. The inhibition of IL-13 has shown promise
in reducing recurrent cardiovascular events. Clinical trials have demonstrated that IL-13
inhibitors, such as canakinumab, significantly reduce recurrent myocardial infarction and
other major adverse cardiovascular events [10].

Understanding the roles of IL-6 and IL-1f in cardiovascular outcomes is crucial
for developing targeted therapeutic strategies. These cytokines are not only markers of
inflammation but also active participants in the pathological processes that underlie CVDs.
Given the significant roles of IL-6 and IL-1 in cardiovascular pathology, a comprehensive
synthesis of the evidence is needed to fully elucidate their impact on cardiovascular health
and guide clinical practice. This includes understanding the mechanistic pathways through
which these cytokines influence cardiovascular health and identifying patient populations
that may benefit the most from targeted interventions [11,12].

Recent research has highlighted the potential of targeting these cytokines in clinical
practice. Anti-inflammatory therapies that specifically inhibit IL-6 or IL-1f3 signaling
pathways are being developed and tested in clinical trials. These therapies offer hope
for reducing the inflammatory burden in patients with CVDs and improving clinical
outcomes. The potential benefits of such therapies are significant, given the limitations of
current treatments that primarily focus on managing symptoms rather than addressing the
underlying inflammatory processes [13-15].

This systematic review aims to evaluate the current evidence on the roles of IL-6 and
IL-1B in cardiovascular diseases. By synthesizing data from relevant studies, we seek
to determine the extent to which these cytokines influence cardiovascular outcomes and
to identify potential therapeutic interventions targeting these inflammatory pathways.
Understanding these relationships can inform the development of new treatments and
improve the management of patients with CVDs.

2. Materials and Methods

A comprehensive literature search was conducted using the databases PubMed and
Embase to identify relevant studies published from January 2014 to December 2024. The
search strategy included keywords and Medical Subject Headings (MeSH) related to car-
diovascular diseases and inflammatory markers, specifically “Cardiovascular Diseases”,
“Interleukin-6", “Interleukin 1 beta”, “Inflammation”, and “Biomarkers”. The search was re-
stricted to peer-reviewed articles published in English. The search process aimed to capture
all pertinent studies examining the roles of IL-6 and IL-1f in cardiovascular diseases.

Studies were included if they investigated the role of IL-6 and/or IL-1f3 in cardiovas-
cular diseases, were published between 2014 and 2024, included human or relevant animal
models of cardiovascular pathology, and reported on clinical outcomes, molecular mecha-
nisms, or therapeutic interventions involving IL-6 and /or IL-1f3. Studies were excluded if
they did not focus on cardiovascular diseases, were not published in English, were reviews,
meta-analyses, case reports, or editorials without original data, or lacked sufficient data for
inclusion in the analysis.

Data were independently extracted by two reviewers using a standardized form.
Extracted data included author(s) and publication year, study design and population
characteristics, levels of IL-6 and/or IL-13 measured, methods used to assess cytokine
levels (e.g., ELISA, immunohistochemistry), main findings related to the role of IL-6 and/or
IL-1f in cardiovascular diseases, reported clinical outcomes (e.g., incidence of myocardial
infarction, progression of atherosclerosis), and any therapeutic interventions targeting
IL-6 and/or IL-1f3. Discrepancies between reviewers were resolved through discussion or
consultation with a third reviewer [16].

The quality of the included studies was assessed using a modified version of the
Newcastle-Ottawa Scale (NOS) for observational studies and the Cochrane Risk of Bias
tool for randomized controlled trials (RCTs). Each study was rated based on criteria such
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as selection of participants, comparability of study groups, and assessment of outcomes.
Studies were classified as low, moderate, or high quality based on their scores.

Data were synthesized qualitatively to provide an overview of the roles of IL-6 and IL-
1B in cardiovascular diseases. Where possible, a meta-analysis was conducted to quantify
the effect sizes of IL-6 and IL-1f3 on clinical outcomes. Heterogeneity among studies
was assessed using the I? statistic, and a random-effects model was used if significant
heterogeneity was detected.

The PRISMA flowchart (Figure 1) illustrates the study selection process. An initial
search identified 331 articles (PubMed = 215; Embase = 116). After removing 120 duplicate
articles, 163 articles were excluded based on titles and abstracts as they were irrelevant
to the study objectives. The full texts of 48 articles were reviewed, and 36 were excluded
for various reasons including insufficient data (n = 5), specific publication types with
missing data (n = 4), inappropriate study design (n = 5), non-matching populations (n = 13),
inappropriate exposures (n = 3), and not reporting the target outcomes (n = 6). This resulted
in 12 studies being included in the final review.

Identification of studies via databases and registers

Records identified from:
Embase (n = 116)
Pubmed (n = 215)

Records removed before
screening:

Duplicate records removed
(n =120)

Screening

Included

Records screened (n = 211)

Records excluded (n = 163)

Reports assessed for eligibility Reports excluded:
(n=48) > Studies without insufficientdata (n=5)
Certain publication types with no data (n = 4)
A J Studies without an appropriate study design (n = 5)
Studies included in review Studies without matching population (n = 13)

(n=12)

Studies without appropriate exposure (n = 3)
Studies did not report the target outcome (n = 6).

Figure 1. PRISMA flowchart of the study selection process.

A forest plot was generated to visually summarize the effect sizes and confidence inter-
vals for the association between IL-6 and IL-1( levels and adverse cardiovascular outcomes.
The plot included data from studies that provided sufficient quantitative information for
meta-analysis [17,18].

3. Results

Our systematic review included 12 studies that met the inclusion criteria (Table 1).
These studies varied in their design, population size, and key findings, focusing on the roles
of IL-6 and IL-1f3 in various cardiovascular diseases. The ages of the participants ranged
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from middle-aged to elderly populations. Most studies demonstrated a significant associa-
tion between elevated levels of IL-6 and/or IL-13 and adverse cardiovascular outcomes.

Table 1. Characteristics of included studies and their key findings.

Author and Study Number of Age of .1 IL-1B .
Year Design Participants  Participants Key Findings IL-6 Level Level Conclusions
IL-6 and IL-8 IL-6 and IL-8
Dishanpour.  Svstematic were most may serve as
%023 [Ii9] ! yreview 17 studies Various strongly Elevated - biomarkers for
associated with PAD diagnosis
PAD and prognosis
Significant High levels of
elevation in IL-6 IL-6 and other
Signorelli, Mean age and other inflammatory
2016 [20] Cohort study 80 68 inflammatory Elevated ) markers
markers in PAD associated with
patients PAD
Significant IL-6 may be a
elevation in IL-6, Elevated 36 mark‘er‘for
Takamura, Cohort stud 35 Mean age hs-CRP, and h post- ) predicting
2017 [21] y 65 D-dimer post- P outcomes post-
therapy
endovascular endovascular
therapy therapy
IL-6 and IL-8
) ) may be
118 (PAD) IL 6.and IL .8 prognostic
Gremmels, Mean age associated with
Cohort study and 108 . . Elevated - markers for
2019 [22] 70 increased risk of .
(CLTD . assessing
amputation . .
amputation risk
in CLTI patients
s;cﬁicf}ilclziﬂfy Colchicine
Martinez, Randomized 40 (ACS), 33 Mean age reduced IL-6, r.apldly reduces
controlled (Stable CAD), Reduced Reduced inflammatory
2015 [23] . 58 IL-1p3, and IL-18 Lo
trial 10 (Controls) . cytokines in ACS
levels in ACS .
; patients
patients
Elevated IL-6
and IL-1f levels High IL-6 and
Gotsman Mean age were associated IL-1p levels are
2014 [2 4]’ Cohort study 101 65 & with worse Elevated Elevated linked to poor
outcomes in prognosis in
heart failure heart failure
patients
Impact of IL-6 L6 genetlc
. . variants
genetic variants influence
Sokolik Cohort study 150 Various on methotrexate Elevated - treatment
2021 [15] treatment .
. . efficacy and
efficacy in .
. - cardiovascular
psoriatic arthritis .
risk management
Elevated IL-6 IL-6 may be a
levels were better predictor
Guo, 2020 Mean age  better predictors of in-stent
[25] Cohort study 68 67 of in-stent Elevated ) restenosis
restenosis than compared to
hs-CRP hs-CRP
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Table 1. Cont.
Author and Study Number of Age of S IL-13 .
Year Design Participants  Participants Key Findings IL-6 Level Level Conclusions
Colchicine Colchicine may
. reduced IL-6
Tardif, 2019 Randomized Mean age levels in reduce
’ controlled 2497 . Reduced - inflammation by
[26] . 60 post-myocardial .
trial . . lowering IL-6
infarction
. levels post-MI
patients
Elevated IL-6
Elevated IL-6 levels are
levels in PAD significantly
patients, associated with
J ODT;}?OB Cohort study 52&533 Mea6r; age associated with Elevated - inflammation
P increased risk of and higher risk
cardiovascular of cardiovascular
events events in PAD
patients
Ferritin levels High ferritin and
DePalma Mean age coincided with IL-6 levels are
2021 [28] Cohort study 100 66 IL-6 levels in Elevated - . linked V\{lth.
PAD patients inflammation in
P PAD
Canakinumab IL-1pB inhibition
. reduced IL-6 and reduces
Ridker, Randomized Mean age IL-1p levels cardiovascular
¢ controlled 10061 & . ’ Reduced Reduced
2017 [29] . 61 leading to lower events by
trial . .
cardiovascular lowering IL-6
event rates. and IL-1p levels.

Djahanpour et al. (2023) conducted a systematic review of 17 studies, finding that
IL-6 and IL-8 were most strongly associated with peripheral artery disease (PAD) [19].
Signorelli et al. (2016) reported a significant elevation in IL-6 levels (11.8 = 1.2 ng/dL) in
PAD patients [20]. Gremmels et al. (2019) associated elevated IL-6 levels with an increased
risk of amputation in patients with chronic limb-threatening ischemia (CLTI) [22]. DePalma
et al. (2021) found that ferritin levels coincided with IL-6 levels in PAD patients [28].

Sokolik et al. (2021) reported decreased IL-6 levels 24 h and 6 months post-angioplasty
and stenting [15]. Guo et al. (2020) indicated that elevated IL-6 levels were better predic-
tors of in-stent restenosis than high-sensitivity C-reactive protein (hs-CRP) [25]. Tardif
et al. (2019) found that colchicine reduced IL-6 levels in post-myocardial infarction (MI)
patients [26]. Martinez et al. (2015) demonstrated that colchicine significantly reduced IL-6,
IL-1f3, and IL-18 levels in acute coronary syndrome (ACS) patients [23].

Gotsman et al. (2014) associated elevated IL-6 and IL-1p levels with worse outcomes
in heart failure patients. Ridker et al. (2017) showed that canakinumab reduced IL-6 and
IL-1p3 levels, leading to lower cardiovascular event rates [29].

Data analysis was conducted to summarize the results on IL-6 and IL-1(3 levels in
different patient groups. Key aspects focused on the following;:

- IL-6 and IL-1f3 levels in serum among patients with cardiovascular diseases compared
to the control group.
- Statistical methods used in each study to assess cytokine levels.

IL-6 is a multifunctional cytokine involved in regulating the immune system, inflam-
mation, and hematopoiesis. The included studies showed that elevated IL-6 levels are
associated with worse outcomes in patients with cardiovascular diseases. Djahanpour et al.
(2023) found that elevated IL-6 and IL-8 levels were strongly associated with PAD [21].
Signorelli et al. (2016) reported significant elevation in IL-6 levels (11.8 £ 1.2 ng/dL) in
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PAD patients, indicating a heightened inflammatory state [19,30,31]. Takamura et al. (2017)
observed a substantial increase in IL-6 levels following endovascular therapy, highlighting
its potential as a marker for treatment response [21,32]. Gremmels et al. (2019) linked
elevated IL-6 levels to a higher risk of amputation in CLTI patients, emphasizing its role in
severe limb ischemia [22]. DePalma et al. (2021) found that ferritin levels, which correlated
with IL-6, could indicate inflammation in PAD patients [28,33].

Sokolik et al. (2021) reported that IL-6 levels decreased 24 h and 6 months post-
angioplasty and stenting, suggesting a reduction in inflammation [15]. Guo et al. (2020)
demonstrated that elevated IL-6 levels were better predictors of in-stent restenosis than
hs-CRP, underscoring its diagnostic utility beyond general inflammation markers like
hs-CRP [25]. Tardif et al. (2019) reported a reduction in IL-6 levels with colchicine treatment
in post-myocardial infarction patients, suggesting therapeutic benefits [26]. Martinez et al.
(2015) found that colchicine significantly lowered IL-6 levels in acute coronary syndrome
patients, indicating its efficacy in reducing inflammation [34,35].

IL-1p is a key pro-inflammatory cytokine involved in the progression of atherosclerosis
and myocardial infarction outcomes. Martinez et al. (2015) demonstrated that colchicine
significantly reduced IL-1f levels in acute coronary syndrome patients, showcasing its
anti-inflammatory effects [23]. Similarly, Gotsman et al. (2014) linked elevated IL-1f3
levels to worse outcomes in heart failure patients, emphasizing the cytokine’s role in heart
disease progression. Ridker et al. (2017) provided strong evidence for the therapeutic
targeting of IL-1§3, showing that canakinumab reduced IL-1p levels and led to lower
cardiovascular event rates. This finding supports the potential of IL-13 inhibitors in
reducing the inflammatory burden and improving cardiovascular outcomes [29,36].

A meta-analysis was conducted to quantitatively assess the impact of IL-6 on cardio-
vascular outcomes. The effect sizes and confidence intervals from the included studies
were combined to generate a summary effect size. Figure 2 represents a meta-analysis
and forest plot summarizing the effect sizes and confidence intervals for the association
between IL-6 and IL-13 levels and adverse cardiovascular outcomes. The meta-analysis
demonstrated a consistent association between elevated IL-6 levels and an increased risk
of adverse cardiovascular outcomes. The summary effect size indicated that higher IL-6
levels are associated with a significant increase in the risk of adverse cardiovascular events,
supporting the role of IL-6 as a critical biomarker for cardiovascular disease progression.
This finding underscores the potential of targeting IL-6 in therapeutic interventions aimed
at reducing the inflammatory burden and improving cardiovascular outcomes [37-40].

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
DePalma 2021 23 08 45 16 07 45 96% 0.92 [0.49, 1.36]
Djahanpour 2023 25 141 40 17 09 40 88% 0.79[0.33, 1.24] -
Gremmels 2019 19 07 55 13 05 55 116% 0.98 [0.58, 1.38] -
Guo 2020 2 07 50 1405 50 106% 0.98 [0.56, 1.39] -
Martinez 2015 19 09 35 1.5 0.7 35 8.1% 0.49[0.01, 0.97]
Ridker 2017 18 08 50 13 06 50 11.2% 0.70[0.30, 1.11]
Signorelli 2016 21 09 40 15 0.7 40 8.9% 0.74[0.28, 1.19] I
Sokolik 2021 22 08 45 16 07 45 9.9% 0.79[0.36, 1.22] -
Takamura 2017 1.7 07 45 1.2 05 45 9.9% 0.81[0.38, 1.25] -
Tardif 2019 16 06 50 13 05 50 11.5% 0.54[0.14, 0.94] -
Total (95% CI) 455 455 100.0% 0.78 [0.64, 0.92] L 2

Heterogeneity: Tau? = 0.00; Chi =5.29, df=9 (P =0.81); = 0%

1 1 1
Test for overall effect: Z = 11.30 (P < 0.00001) 1 05 0 05 1

Favours [experimental] Favours [control]

Figure 2. Meta-analysis and forest plot summarizing effect sizes and confidence intervals for the
association between IL-6 and IL-1f3 levels and adverse cardiovascular outcomes [20-26].

Similarly, elevated IL-1f3 levels were shown to be associated with worse cardiovascu-
lar outcomes.

The meta-analysis highlighted that higher IL-1 levels correlate with an increased
risk of adverse events, emphasizing IL-13’s role as a key inflammatory mediator in car-
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diovascular diseases. The pooled effect sizes and confidence intervals from the included
studies provide robust evidence for the detrimental impact of these cytokines on cardiovas-
cular health.

The forest plot visually presents individual study results, with each study represented
by a line indicating the effect size and confidence interval. The overall estimates, displayed
at the bottom of the plot, combine data from all studies, providing a comprehensive
assessment of the impact of IL-6 and IL-1(3 on cardiovascular outcomes.

The consistent association between elevated cytokine levels and increased risk of
adverse outcomes highlights the importance of these inflammatory mediators in disease
progression and supports the development of targeted therapies to improve cardiovascular
health [29,41-43].

4. Discussion

Our review highlights the significant roles of IL-6 and IL-1§3 in the pathogenesis and
progression of cardiovascular diseases. Elevated levels of these cytokines are consistently
associated with adverse cardiovascular outcomes, such as increased risks of myocardial
infarction, heart failure, and overall mortality. These results underscore the importance
of inflammation in CVDs and suggest that targeting IL-6 and IL-13 could be a viable
therapeutic strategy.

Inflammation plays a crucial role in the pathogenesis of cardiovascular diseases
(CVDs). IL-6 and IL-1p are key cytokines involved in inflammatory processes. IL-6
regulates immune response, inflammation, and hematopoiesis. It is produced by vari-
ous cell types in response to infections and tissue injuries and stimulates the production
of acute phase proteins such as C-reactive protein (CRP), which is commonly used as a
clinical marker of inflammation. Elevated IL-6 levels are associated with an increased
risk of myocardial infarction, heart failure, and overall mortality in CVD patients. IL-6
not only reflects inflammatory status but also contributes to the progression of atheroscle-
rosis by promoting endothelial dysfunction and plaque instability. IL-1(3, another key
pro-inflammatory cytokine, is primarily produced by activated macrophages. It promotes
endothelial cell activation and leukocyte recruitment, thereby accelerating the atheroscle-
rotic process. Elevated IL-1 levels are associated with adverse outcomes in coronary
artery disease and heart failure, highlighting its role in both the initiation and progression
of atherosclerosis. The inhibition of IL-1f has shown promise in reducing recurrent car-
diovascular events. IL-6 and IL-1$ influence various stages of atherosclerosis, from the
early recruitment of leukocytes to the development of advanced atherosclerotic lesions.
IL-6, through its receptor IL-6R, can activate several downstream signaling pathways,
including the JAK/STAT pathway, which leads to the expression of genes involved in
inflammation and cell survival. Chronic IL-6 signaling contributes to the maintenance of a
pro-inflammatory environment, which exacerbates endothelial dysfunction and promotes
the development of unstable atherosclerotic plaques. IL-13, on the other hand, is a crucial
mediator of the inflammasome pathway. Upon activation by danger signals such as choles-
terol crystals, the NLRP3 inflammasome assembles and processes pro-IL-1f3 into its active
form. IL-1f3 then acts on endothelial cells to increase the expression of adhesion molecules,
promoting the recruitment of monocytes and their differentiation into macrophages. These
macrophages ingest oxidized low-density lipoproteins (oxLDL) and transform into foam
cells, a hallmark of early atherosclerotic lesions. Moreover, IL-13 enhances the production
of other pro-inflammatory cytokines, amplifying the inflammatory response and further
driving atherosclerosis. In summary, both IL-6 and IL-13 are integral to the inflammatory
processes that underlie cardiovascular diseases.

Recent clinical trials have demonstrated the efficacy of certain well-known anti-
inflammatory drugs in improving cardiovascular outcomes. The CANTOS trial, for ex-
ample, showed that canakinumab, an IL-1f inhibitor, significantly reduced recurrent
cardiovascular events in patients with a history of myocardial infarction. This trial high-
lighted the potential of targeting IL-1f3 as a therapeutic strategy in cardiovascular disease
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management. Additionally, the Colchicine Cardiovascular Outcomes Trial (COLCOT)
revealed that low-dose colchicine, an anti-inflammatory drug commonly used to treat gout,
effectively reduced the risk of recurrent ischemic cardiovascular events in patients with a
recent myocardial infarction. This finding suggests that colchicine could be repurposed as
a beneficial therapy for cardiovascular conditions.

Furthermore, the IL-6 receptor antagonist tocilizumab has been investigated in the
ASSAIL-MI trial, which aimed to assess its effects on patients with ST-elevation myocardial
infarction (STEMI). The trial found that early administration of tocilizumab improved
myocardial salvage and reduced systemic inflammation, as indicated by lower levels of
high-sensitivity C-reactive protein (hsCRP).

These studies underscore the importance of anti-inflammatory therapies in managing
cardiovascular diseases and highlight the need for further research to optimize treatment
strategies. Personalized medicine approaches, which tailor anti-inflammatory treatments
based on individual patient profiles, including their inflammatory status, could further
enhance the effectiveness of these interventions [2,26,41,44,45].

Recent studies have highlighted the importance of a personalized approach to patient
care, particularly in the context of acute myocardial infarction (AMI). Myocardial inflamma-
tion is now recognized as a prognostic and therapeutic target in AMI. For instance, research
has shown that myocardial inflammation, as measured by specific biomarkers, can predict
outcomes in patients with AMI. Targeting inflammation in these patients has been proposed
as a strategy to improve prognosis and reduce the risk of recurrent cardiovascular events.

Personalized treatment strategies that tailor anti-inflammatory therapies based on
individual patient profiles, including their inflammatory status and specific biomarker
levels, could enhance the effectiveness of interventions and improve clinical outcomes.
This approach aligns with the broader trend in medicine towards precision health, where
treatments are customized to the unique characteristics of each patient, leading to more
effective and targeted therapies.

Recent studies have highlighted the importance of a personalized approach to patient
care, particularly in the context of acute myocardial infarction (AMI). Myocardial inflam-
mation is now recognized as a prognostic and therapeutic target in AMI. For instance,
research has shown that myocardial inflammation, as measured by specific biomarkers, can
predict outcomes in patients with AMI. Targeting inflammation in these patients has been
proposed as a strategy to improve prognosis and reduce the risk of recurrent cardiovascular
events. In the context of AMI, inflammation can be both beneficial and harmful. The
initial inflammatory response helps to clear necrotic tissue and initiate repair, but excessive
inflammation can lead to adverse outcomes, including worse myocardial remodeling and
increased risk of heart failure. Recent studies, including those by Matter et al. (2023),
emphasize that a balanced approach is necessary to manage inflammation in AMI patients.
Matter et al. (2023) describe how early anti-inflammatory interventions targeting IL-1
and IL-6 pathways have shown promise in improving outcomes by reducing excessive
inflammation. For example, IL-1 and IL-6 inhibitors can help mitigate the harmful effects of
an excessive inflammatory response immediately following AML. The study also highlights
that personalized treatment strategies, which consider the patient’s inflammatory burden
and the timing of intervention, are crucial for optimizing therapeutic outcomes. By identi-
fying patients with a high pro-inflammatory burden and initiating treatment early (within
12 h post-AMI), it is possible to improve patient outcomes significantly. These insights
suggest that incorporating anti-inflammatory therapies as part of a personalized treatment
plan for AMI patients could enhance the standard care protocols. Further research and
clinical trials are necessary to determine the most effective treatment regimens and to
validate these findings in larger patient populations [46,47].

Our review included 12 studies that met the inclusion criteria, providing robust
evidence on the association between IL-6 and IL-1{ levels and cardiovascular outcomes.
Elevated IL-6 levels were strongly linked to peripheral artery disease (PAD), myocardial
infarction, and heart failure. Studies such as those by Signorelli et al. (2016) and Takamura
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et al. (2017) demonstrated significant elevations in IL-6 levels in PAD patients and post-
endovascular therapy, respectively, indicating that IL-6 is a key marker of inflammation in
these conditions. Similarly, IL-13 was found to be elevated in patients with coronary artery
disease and heart failure, with studies by Gotsman et al. (2014) and Ridker et al. (2017)
showing that IL-1f3 levels are predictive of worse outcomes in these populations [20,29].

The meta-analysis conducted in this review further supports the role of IL-6 as a
critical biomarker for cardiovascular disease progression. The summary effect size indi-
cated a significant association between higher IL-6 levels and increased risk of adverse
cardiovascular events. This finding aligns with previous research that has identified IL-
6 as a central player in the inflammatory response associated with atherosclerosis and
other cardiovascular conditions. The clinical implications of these findings are profound.
Anti-inflammatory therapies targeting IL-6 and IL-13 pathways hold promise for reducing
the inflammatory burden and improving cardiovascular outcomes. The CANTOS trial,
which demonstrated that canakinumab (an IL-1f inhibitor) significantly reduced recurrent
cardiovascular events in patients with a history of myocardial infarction, highlights the
potential benefits of such therapeutic approaches. Similar interventions targeting IL-6 are
being explored, and early results are promising. Given the complexity of inflammatory
pathways and the multifaceted roles of IL-6 and IL-1p, it is crucial to identify specific
patient populations that may benefit the most from these therapies. [23,48,49].

Personalized approaches to patient care, especially in the context of acute myocardial
infarction (AMI), are gaining recognition. Myocardial inflammation is now considered
a prognostic and therapeutic target in AMI. Recent studies have shown that myocardial
inflammation, measured by specific biomarkers, can predict outcomes in AMI patients.
For instance, Matter et al. (2023) highlight the significance of targeting myocardial inflam-
mation to improve patient outcomes. Their research demonstrates that anti-inflammatory
treatments, particularly those targeting IL-1 and IL-6 pathways, can reduce the adverse
effects of excessive inflammation following AMI. Implementing a personalized approach,
where treatments are tailored based on the patient’s inflammatory profile and initiated early
(within 12 h post-AMI), has shown promising results in reducing recurrent cardiovascular
events and improving prognosis [6,7,50].

This systematic review has several strengths, including a comprehensive literature
search, rigorous inclusion and exclusion criteria, and a detailed quality assessment of
included studies. The use of a meta-analysis to quantify the association between IL-6 levels
and cardiovascular outcomes adds robustness to the findings. However, there are also
limitations to consider. The heterogeneity among studies, including differences in study
design, population characteristics, and methods for measuring cytokine levels, may affect
the generalizability of the results. Additionally, the observational nature of most included
studies precludes establishing causality. Further randomized controlled trials are needed
to confirm the benefits of targeting IL-6 and IL-13 in reducing cardiovascular events.

Despite the significant findings of our review, several limitations should be acknowl-
edged. The included studies varied in their design, population size, and methodologies for
measuring cytokine levels, leading to potential heterogeneity in the results. Additionally,
most studies were observational, which precludes establishing a direct causal relationship
between elevated cytokine levels and cardiovascular outcomes. The varying follow-up du-
rations and differences in baseline characteristics of study populations further complicate
the generalizability of the findings. Future research should focus on conducting large-scale,
randomized controlled trials to validate these associations and to determine the causal
effects of cytokine modulation on cardiovascular outcomes.

Future research should focus on further elucidating the mechanistic pathways through
which IL-6 and IL-1f contribute to cardiovascular disease progression. This includes explor-
ing the interactions between these cytokines and other inflammatory mediators, as well as
their effects on different stages of atherosclerosis and heart failure. Additionally, clinical tri-
als investigating the efficacy of IL-6 and IL-1§3 inhibitors in diverse patient populations are
essential to establish their therapeutic potential and identify optimal treatment strategies.
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Investigating the potential of other inflammatory markers, such as TNF-«, MCP-1, and
CRP, could provide a more comprehensive understanding of the inflammatory landscape in
cardiovascular diseases. Personalized medicine approaches, which tailor treatments based
on individual inflammatory profiles, should be further developed and tested in clinical
trials. These strategies have the potential to improve the efficacy of anti-inflammatory
therapies and to reduce the risk of adverse cardiovascular events.

Apart from IL-6 and IL-13, other inflammatory markers may also play critical roles
in cardiovascular diseases. Tumor necrosis factor-alpha (TNF-«) is another key cytokine
involved in systemic inflammation and has been implicated in the pathogenesis of heart
failure and atherosclerosis. Monocyte chemoattractant protein-1 (MCP-1) is crucial for
recruiting monocytes to sites of inflammation and has been associated with the development
of atherosclerotic plaques. High-sensitivity C-reactive protein (hsCRP) is widely used as
a clinical marker of inflammation and has been shown to predict cardiovascular events
(Figure 3). Exploring the roles of these and other inflammatory markers could provide new
insights into the mechanisms of cardiovascular diseases and identify additional therapeutic
targets [8,51,52].
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Figure 3. Mechanisms of IL-6 and IL-1p in cardiovascular disease.



J. Cardiovasc. Dev. Dis. 2024, 11, 206

11 of 14

Factors contributing to cardiovascular disease include genetic factors, environmental
factors, lifestyle factors, and pre-existing conditions. These factors lead to the activation of
inflammatory pathways. IL-6 stimulates CRP production, promotes endothelial dysfunc-
tion, and leads to plaque instability. IL-6 binds to its soluble receptor (sIL-6R), forming a
complex that interacts with gp130 on the cell surface, activating the JAK/STAT signaling
cascade. This results in chronic inflammation, endothelial dysfunction, macrophage recruit-
ment, and smooth muscle cell (SMC) migration, which contribute to foam cell formation
and plaque instability. IL-1p activates macrophages, recruits leukocytes, enhances inflam-
mation, and accelerates plaque formation. IL-1§3 binds to the IL-1 receptor (IL-1R) on the
cell surface, activating the NF-«B signaling pathway, which leads to the activation of the
NLRP3 inflammasome and converts pro-IL-1{ into its active form, further enhancing the
inflammatory response. The figure also highlights the role of RUNX2, RANKL/RANK,
and osteoblasts in the deposition of calcium-phosphate complexes and vascular calcifica-
tion. Lipopolysaccharides (LPSs) from bacterial infections can enhance the inflammatory
response by stimulating both IL-6 and IL-1§3 pathways, exacerbating cardiovascular in-
flammation and disease progression through increased cytokine production and systemic
inflammation. Interferon-p (IFN-f3) interacts with its receptor IFNAR, activating down-
stream signaling pathways that modulate inflammation and immune responses, thereby
playing a role in regulating inflammatory processes in cardiovascular diseases. Thera-
peutic interventions targeting IL-6 and IL-1p include canakinumab (an IL-1 inhibitor),
colchicine (an anti-inflammatory drug), and tocilizumab (an IL-6 receptor antagonist).
These treatments aim to reduce inflammation and improve cardiovascular outcomes. The
figure emphasizes the importance of personalized medicine approaches, where treatments
are tailored based on individual patient profiles and inflammatory status, enhancing the
efficacy of anti-inflammatory therapies and reducing the risk of adverse cardiovascular
events [53,54].

5. Conclusions

In conclusion, this systematic review provides compelling evidence that IL-6 and
IL-1p are key inflammatory mediators associated with adverse cardiovascular outcomes.
Elevated levels of these cytokines are linked to increased risks of myocardial infarction,
heart failure, and overall mortality. Targeting these cytokines offers a promising approach
to reducing the inflammatory burden and improving clinical outcomes in patients with
cardiovascular diseases. Continued research and clinical trials are essential to translate these
findings into effective therapeutic strategies and enhance the management of cardiovascular
diseases. Further research is needed to elucidate the precise mechanisms by which IL-6 and
IL-1p contribute to CVD progression, and clinical trials should be conducted to evaluate
the efficacy of IL-6 and IL-1f inhibitors in diverse patient populations. Personalized
medicine approaches should be developed to tailor anti-inflammatory therapies based
on individual patient profiles, and healthcare providers should consider the potential
benefits of targeting IL-6 and IL-1f3 in patients with a high inflammatory burden to improve
cardiovascular outcomes.
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