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Editorial on the Research Topic

Cardiometabolic diseases and inflammatory responses
Cardiometabolic diseases (CMD) are driven by both metabolic disorders (obesity,

insulin resistance, non-alcoholic fatty liver diseases, and atherosclerosis) and chronic

inflammation (e.g. diabetes, hypertension and autoimmune diseases), leading to

coronary artery disease (CAD), stroke and heart failure (HF) (1–4).

Compelling data from animal models and human intervention studies, such as

CANTOS (The Canakinumab Anti-inflammatory Thrombosis Outcome Study) (5),

indicate that addressing lingering systemic inflammation in humans could potentially

yield benefits in mitigating CMD. While the precise mechanisms connecting chronic

inflammation and CMD remain a subject of active research, recognised pathways in

chronic inflammatory conditions encompass immune activation, systemic inflammation,

lipoprotein abnormalities, and insulin resistance. These factors contribute to the

susceptibility of individuals to CMD (2).

Today, innovative approaches and the view of a systemic dimension of the physiology

can deeply decipher mechanisms. The aim of our topic is to highlight a seminal insight into

the impact of immune response, metabolic regulation and the development of

cardiovascular physiopathology. Our objectives are to: 1) introduce new concepts in

cardiovascular research, highlighting novels tools for precise analysis; 2) demonstrate

that CMD are not limited to a local perspective but they encompass a systemic dimension

that impacts physiology and function of the organs and tissue.

Single-cell RNA sequencing (scRNA-Seq) tool has enabled elaboration of an atlas of

immune cells involved in the formation of the atherosclerosis plaques. Ge et al. have

deciphered major groups of immune cells from lymphoid and myeloid linages. Their results

have shown a dynamic relationship between immune cells and tissue remodeling. This tool

exemplifies the capacity to study a broad spectrum of immune cell clusters. Indeed, their

study illustrated that inflammatory macrophages affect stability of plaques whereas B-cells

contribute to plaque stability.

ScRNA-Seq analysis was also employed by Tian et al. to study the role of immunogenic

cell death in ascending thoracic aortic aneurysms (ATAA), which was poorly understood.
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Analysis of 10 cell types (monocytes, macrophages, CD4+ T and

natural killer cells, mast cells, B/plasma B cells, fibroblasts,

endothelial cells, cytotoxic CD8+ T cells, vascular smooth muscle

cells and mature dendritic cells) from 11 individuals (8 ATAA and 3

controls) revealed the importance of endothelial cells in

immunogenic cell death as well as their potential role in T-cell

infiltration and myeloid cell infiltration in ATAA. In addition, this

study proposes ACKR1 and CXCL12 as potential new therapeutic

targets in ATAA.

Epicardial adipose tissue (EAT) is recognised as a pivotal

immune organ in HF pathogenesis. However, immune cell

characteristics within HF patient EAT have been understudied.

Zhang et al. used public scRNA-Seq data and found EAT enriched

in immune activation-related genes and T lymphocytes compared

to subcutaneous adipose tissue. HF patient EAT showed heightened

T lymphocyte activation. The study also unveiled clonally expanded

IFN-g+ effector memory T lymphocytes in HF patient EAT. These

findings provide valuable insights into the immune environment in

EAT and its potential implications for heart failure.

Another novel tool is also emerging in cardiomyopathies detection.

Imagery is a promising modality, particularly in identifying high

intensity signal in situ that could provide new insight for

myocardium rescue. In addition, the capability to translate research

data to clinical application holds significant potential. Wu et al have

shown the cardiac magnetic resonance imaging (MRI) could aid in the

detection of inflammation in the remote myocardium in myocardial

infarction (MI) porcine models and small animal model. They

correlated their imagery data with inflammation detection. Their

data have shown that through imaging, it is possible to detect

abnormal signals in both of the early stages and over time.

In the last decade, the systemic dimension has emerged

as a predictor of cardiovascular diseases (CVD), alongside

cardiomyopathies. Resident immunomodulation, metabolism and

mitochondria of the cardiac tissue are highly responsive to the

environment. Experiments involving factors such as gut microbial,

the circadian clock or hypoxia have been shown to impact tissue

function, leading to conditions such as arrhythmias, along with tissue

remodeling notably with occurrence of fibrosis. These factors are

associated to cardiometabolic disorders or myocarditis (Adzika et al.),

(Jin et al.), (Gao et al.). Similarly, systemic inflammation, immune cells

and oxidative stress also contribute to the pathogenesis of

hypertension, which is a significant risk factor for CVD, through

vascular inflammation and microvascular remodelling (Zhang et al.).

Indeed, strong evidence from epidemiological studies suggests

associations between CVD and systemic cytokines, though causality

remains uncertain. To investigate this, Wei et al. conducted a

Mendelian randomisation study using summary statistics from

genome-wide association studies (GWAS) of cytokines and CVD,

revealing causal effects of four cytokines (IL-1ra, MCSF, SeSelectin,

SCF) on CAD and associations between two cytokines (IL-2ra, IP-

10) with heart failure, and two cytokines (MCP-3, SeSelectin) with

atrial fibrillation. These findings offer insights for novel therapeutic

strategies targeting specific cytokines to prevent and treat

certain CVDs.

Similarly, circulating white blood cells (WBCs) were largely

demonstrated to be associated with CMD including metabolic
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syndrome (MetS), however the role of insulin resistance in this

association is unknown. A cross-sectional study in 7,014 patients

from the China Health and Nutrition Survey (CHNS) conducted by

Ren et al. showed that normal WBC count levels protect against

MetS independently of the presence of insulin resistance and

proposed a performant multilayer perceptron algorithm to predict

MetS. Then WBC count may be used as a potential risk marker in

the identification and the prevention of MetS.

In recent years, the systemic immune-inflammation index (SII)

has gained attention for its potential in predicting clinical outcomes,

particularly in cancer patients. However, its applicability to stroke

patients was unclear. To address this, Huang et al. conducted a

systematic review and meta-analysis encompassing 19 retrospective

studies involving 18,609 stroke patients. It demonstrated that a

higher SII was significantly associated with poor outcomes,

mortality, and the incidence of haemorrhagic transformation.

Therefore, SII may offer a predictive tool for stroke patients.

Patients with inflammatory arthritis, including gout, psoriasis,

and rheumatoid arthritis, face an elevated risk of CMD,

independent of traditional cardiovascular risk factors. This

connection is likely attributed to local and systemic inflammatory

responses (2, 6, 7). Consequently, EULAR recommends

cardiovascular risk screening for all patients with inflammatory

arthritis and emphasises the role of rheumatologists in risk

evaluation in 2022 (8). Wang et al. demonstrated that subclinical

atherosclerosis, specifically tophi and carotid plaque, independently

predicted MACE in gout patients, even after adjusting for

conventional cardiovascular risk factors. They also showed that

the frequency of gout flares in the previous year of the baseline was

linked with subsequent MACE. Gout flares feature acute

inflammation with NLRP-3 inflammasome activation, potentially

linked to plaque instability and cardiovascular events through

inflammatory cell activation and oxidative stress (9, 10), possibly

explaining cardiovascular events after gout flares.

In the context of atherosclerosis, several studies reported the

interactions between NLRP3 and PCSK9, a protein involved in the

degradation of the low-density lipoprotein receptor in hepatocytes,

which may contribute to the inflammatory response occurring

during atherogenesis. Interestingly, both NLRP3 and PCKS9 are

therapeutic targets in atherosclerotic CVD. In a very interesting

review article, Wang et al. describe the mechanisms underlying

PCSK9 and NLRP3 inflammasome activation and propose new

therapeutic insights in CVD.

Finally, patients with HIV treated with a long-term

antiretroviral therapy (ART) displayed a higher incidence and

prevalence of CMD in which immune responses to co-infections

may contribute. The study of circulating CX3CR1+, GPR56+, and

CD57+/- T cells (termed CGC+), a surface marker combination

suggestive of antiviral activity, in a cohort of 134 patients with HIV

co-infected with cytomegalovirus (CMV) indicated that CGC+

CD4+ T cells were associated with diabetes, coronary artery

calcification and non-alcoholic fatty liver disease, suggesting that

anti-CMV therapies might reduce CMD in such patients

(Wanjalla et al.).

In summary, the collection of the articles in this Research Topic

delves into the intricate relationship between CMD, chronic
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inflammation, and immune responses, elucidating their roles in

conditions such as CAD, stroke, and HF. It highlights the

significance of addressing systemic inflammation which may

provide potential benefits in mitigating CMD. Cutting-edge tools

like scRNA-Seq offer insights into immune cell dynamics in diseases

like atherosclerosis and ATAA. Furthermore, innovative approaches

such as cardiac MRI show promise in detecting inflammation in MI.

Additionally, the review underscores the systemic dimension of

CMD, emphasising interactions between immunomodulation,

metabolism, and cardiac tissue responsiveness. Studies exploring

cytokine associations with CMD and the predictive value of WBC

counts further enrich our understanding. This interdisciplinary

approach opens avenues for novel therapeutic strategies and

underscores the importance of considering systemic immune

responses in CMD management.
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