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Introduction 

The skin, our body's largest organ, is not only a physical barrier 

protecting against external threats but also hosts a complex 

immune system crucial for maintaining homeostasis and 

defending against pathogens. Recent studies have shed light on 

the intricate interplay between the skin immune system and 

cardiovascular health, suggesting a bidirectional relationship 

between cutaneous immunity and cardiovascular diseases 

(CVDs). While traditional risk factors such as hypertension, 

dyslipidemia, and diabetes mellitus are well-established 

contributors to CVD development, emerging evidence suggests 

that immune-mediated mechanisms, particularly those 

involving the skin, may play a significant role in cardiovascular 

pathophysiology. This paper aims to review the current 

literature on the role of cutaneous immune modulation in 

cardiovascular health, explore potential therapeutic 

interventions targeting skin immunity for cardiovascular disease 

prevention and therapy, discuss areas for future research, and 

provide insights into the implications of these findings for 

clinical practice. 
 

Recent research has highlighted the role of inflammatory 

pathways and immune cell activation in the pathogenesis of 

cardiovascular diseases (CVDs). For instance, studies have 

shown that chronic low-grade inflammation, characterized by 

elevated levels of inflammatory cytokines such as interleukin-6 

(IL-6) and tumor necrosis factor-alpha (TNF-alpha), contributes 

to endothelial dysfunction, plaque formation, and thrombosis, 

thereby promoting atherosclerosis and increasing the risk of 

cardiovascular events [1]. Moreover, immune cells, including T 

cells and macrophages, infiltrate atherosclerotic plaques, where 

they release pro-inflammatory mediators and exacerbate 

vascular inflammation [2]. These findings underscore the 

importance of immune-mediated processes in cardiovascular 

pathophysiology and suggest that targeting inflammation and 

immune dysregulation could represent a promising approach for 

CVD prevention and therapy. 
 

Furthermore, emerging evidence suggests that the skin immune 

system plays a crucial role in systemic immune responses and 

cardiovascular health. The skin is rich in immune cells, 

including dendritic cells, macrophages, and T cells, which serve 

as sentinels of the immune system and play key roles in 

initiating and regulating immune responses [3]. These cutaneous 

immune cells can interact with circulating immune cells and 

modulate systemic inflammation, thereby influencing 

cardiovascular risk. Moreover, the skin microbiota, which 

comprises diverse microbial communities inhabiting the skin 

surface, has been implicated in immune regulation and may 

impact cardiovascular health [4]. Dysbiosis of the skin 

microbiota, characterized by alterations in microbial 

composition and diversity, has been associated with 

inflammatory skin conditions and systemic inflammation, which 

are known risk factors for CVD [5]. Understanding the role of 

the skin immune system and microbiota in cardiovascular health 

could provide insights into novel therapeutic targets for CVD 

prevention and management. 
 

In addition to its role in systemic immune regulation, the skin 

serves as a target organ for various cardiovascular risk factors 

and diseases. For example, hypertension, a major risk factor for 

CVD, has been associated with cutaneous manifestations such 

as increased skin vascular resistance and impaired 

microcirculation [6]. Similarly, diabetes mellitus can lead to 

diabetic dermatopathy, characterized by cutaneous 

manifestations such as necrobiosis lipoidica, diabetic foot 

ulcers, and diabetic dermopathy, which may serve as markers of 

underlying microvascular complications and increased 

cardiovascular risk [7]. Understanding the bidirectional  
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Abstract  
 

The complex interplay between the skin immune system and cardiovascular health presents a compelling avenue for 

investigation in the realm of preventive and therapeutic interventions for cardiovascular diseases. Current literature highlights 

the significance of immune-mediated mechanisms in cardiovascular pathophysiology, suggesting that modulating cutaneous 

immune responses could offer novel strategies for mitigating cardiovascular risk and enhancing patient outcomes. While 

preliminary evidence supports the potential of immunomodulatory agents and interventions targeting skin inflammation and 

immune dysregulation, further research is warranted to explore the underlying molecular pathways and validate their efficacy 

in clinical settings. Future studies should focus on delineating the specific mechanisms through which cutaneous immune 

modulation influences cardiovascular health, thereby bridging the gap between dermatology and cardiology and paving the 

way for innovative approaches to cardiovascular disease prevention and therapy. 
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relationship between cardiovascular risk factors and cutaneous 

manifestations could provide insights into shared 

pathophysiological mechanisms and facilitate early detection 

and management of cardiovascular complications in at-risk 

individuals. 
 

Discussion 

Numerous studies have demonstrated the involvement of 

immune-mediated processes in the pathogenesis of 

atherosclerosis, the underlying cause of most CVDs. The 

activation of inflammatory pathways within the vessel wall 

contributes to endothelial dysfunction, plaque formation, and 

ultimately, cardiovascular events. Interestingly, recent research 

has implicated the skin immune system in modulating systemic 

inflammation and cardiovascular risk. For example, psoriasis, a 

chronic inflammatory skin disorder, has been associated with an 

increased prevalence of CVD and cardiovascular events, 

independent of traditional risk factors. Additionally, studies 

have shown that patients with atopic dermatitis, another 

inflammatory skin condition, may have a higher risk of 

developing CVD. These findings suggest that targeting 

cutaneous immune responses could represent a promising 

approach for managing cardiovascular risk and improving 

patient outcomes. 
 

Several potential mechanisms have been proposed to explain the 

link between cutaneous immune modulation and cardiovascular 

health. One proposed mechanism involves the release of pro-

inflammatory cytokines and chemokines from the skin, which 

can enter the circulation and promote vascular inflammation and 

atherosclerosis. Moreover, dysregulation of the skin microbiota, 

which plays a crucial role in immune homeostasis, has been 

implicated in the pathogenesis of CVD. Alterations in the skin 

microbiome composition may lead to systemic inflammation 

and endothelial dysfunction, contributing to CVD development. 

Additionally, the skin is rich in immune cells, such as dendritic 

cells, macrophages, and T cells, which can interact with 

circulating immune cells and influence systemic immune 

responses. Modulating these cutaneous immune cells through 

targeted interventions may have far-reaching effects on 

cardiovascular health. 
 

Several studies have investigated the potential therapeutic 

benefits of immunomodulatory agents in the management of 

CVD. For example, biologic therapies targeting pro-

inflammatory cytokines, such as tumor necrosis factor-alpha 

(TNF-alpha) inhibitors, have shown promise in reducing 

cardiovascular risk in patients with inflammatory conditions like 

psoriasis and rheumatoid arthritis. Similarly, interventions 

aimed at restoring skin barrier function and rebalancing the skin 

microbiota, such as topical emollients and probiotics, have been 

proposed as potential strategies for preventing CVD 

progression. However, while these preliminary findings are 

encouraging, further research is needed to understand the 

specific mechanisms underlying the effects of cutaneous 

immune modulation on cardiovascular health and validate the 

efficacy of these interventions in clinical settings. 
 

Recent studies have highlighted the role of specific immune cell 

subsets in linking cutaneous immunity to cardiovascular health. 

For instance, regulatory T cells (Tregs), a subset of CD4+ T cells 

known for their immunosuppressive functions, have been 

implicated in the modulation of atherosclerosis. Tregs can 

infiltrate atherosclerotic lesions and suppress local 

inflammation, thereby inhibiting plaque progression and 

stabilizing vulnerable plaques. Moreover, Tregs have been 

shown to play a crucial role in maintaining immune tolerance 

and preventing autoimmune responses, which are implicated in 

the pathogenesis of CVD. Dysregulation of Treg function in the 

skin and systemic circulation may contribute to chronic 

inflammation and atherosclerosis. Thus, strategies aimed at 

enhancing Treg activity or restoring Treg function in the skin 

may hold promise for attenuating cardiovascular risk. 
 

The systemic impact of localized immune responses, 

particularly in the context of autoimmune skin diseases, offers a 

unique lens through which to understand cardiovascular health. 

Conditions such as lupus erythematosus that manifest in the skin 

not only provide models for studying systemic inflammation but 

also highlight the intricate connections between immune 

dysregulation and CVDs. Lupus erythematosus, particularly 

systemic lupus erythematosus (SLE), serves as a prime example 

of how autoimmune diseases can influence cardiovascular risk. 

SLE is characterized by chronic inflammation and autoantibody 

production, with cutaneous manifestations being one of the most 

common clinical features. Studies have shown that patients with 

SLE have a significantly increased risk of developing CVDs, 

including atherosclerosis, myocardial infarction, and stroke, 

compared to the general population [8,9]. This increased risk is 

not limited to the attributions of traditional cardiovascular risk 

factors. Interestingly, the chronic, systemic inflammatory state 

driven by autoimmune activity in SLE promotes endothelial 

dysfunction, oxidative stress, and lipid abnormalities, which are 

key contributors to atherogenesis [10,11]. Thus, the study of 

autoimmune skin diseases as a model for understanding the 

systemic impact of localized immune responses on 

cardiovascular health underscores the importance of 

comprehensive care in patients with these conditions. 
 

The intersection of immunodermatology and cardiovascular 

research has seen remarkable progress, largely attributed to 

technological advancements in the field of immunology and 

genomics. Recent innovations, such as single-cell RNA 

sequencing (scRNA-seq) and high-throughput 

immunophenotyping, have revolutionized our understanding of 

skin immunity and its implications for CVDs. Particularly, 

scRNA-seq has emerged as a powerful tool in 

immunodermatology, enabling researchers to dissect the 

complex cellular composition of the skin at an individual cell 

level. By cataloging the transcriptomes of thousands of cells, 

scRNA-seq facilitates the identification of distinct immune cell 

subsets, their functional states, and their interactions within the 

cutaneous environment [12]. This technology has uncovered 

previously unrecognized heterogeneity among skin-resident 

immune cells, including dendritic cells, macrophages, and T 

cells, and has highlighted the dynamic nature of these cells in 

health and disease [13,14,15]. For instance, scRNA-seq studies 

have identified specific T cell subsets enriched in psoriatic 

lesions, offering new insights into the pathogenesis of psoriasis 

and its association with increased cardiovascular risk [16].  
 

High-throughput immunophenotyping complements scRNA-

seq by providing detailed profiles of the surface markers and 

functional properties of immune cells at a population level. This 

approach, often coupled with flow cytometry or mass cytometry, 

allows for the simultaneous measurement of dozens of 

parameters, enabling a comprehensive analysis of the immune 

cell landscape in various tissues, including the skin [17]. This  
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has been instrumental in characterizing the systemic immune 

responses associated with CVDs, identifying key immune cell 

populations implicated in atherosclerosis and other 

cardiovascular conditions [18].  
 

The integration of scRNA-seq and high-throughput 

immunophenotyping data has provided valuable insights into 

how skin-resident immune cells may influence systemic 

inflammation and contribute to the pathogenesis of CVDs. For 

example, studies have shown that certain skin-resident T cell 

subsets can secrete pro-inflammatory cytokines that have 

systemic effects, potentially exacerbating vascular 

inflammation and atherosclerosis [19,20,21]. Additionally, 

these technologies have identified potential biomarkers and 

therapeutic targets for CVDs, such as specific immune cell 

subsets or signaling pathways that are dysregulated in the 

context of skin inflammation and cardiovascular disease [16].  
 

Moreover, emerging evidence suggests a potential role for the 

skin-gut axis in cardiovascular health. By analyzing the immune 

cell repertoires in the skin and gut, researchers have begun to 

unravel the complex interactions between these two organ 

systems and their collective impact on systemic inflammation 

and CVD risk [22]. The gut microbiota, which interacts closely 

with the immune system, has been implicated in the 

pathogenesis of CVD through its effects on systemic 

inflammation and metabolism. Interestingly, the skin microbiota 

may communicate with the gut microbiota through shared 

immune signaling pathways, influencing systemic immune 

responses and cardiovascular risk. For example, studies have 

demonstrated that alterations in the skin microbiome 

composition can lead to dysbiosis in the gut microbiota, which 

is associated with increased inflammation and atherosclerosis. 

Understanding the bidirectional communication between the 

skin and gut microbiota and its impact on cardiovascular health 

could provide novel insights into preventive and therapeutic 

strategies for CVD. 
 

Furthermore, the role of environmental factors, such as 

ultraviolet (UV) radiation exposure, in modulating cutaneous 

immune responses and cardiovascular risk warrants further 

investigation. UV radiation, a potent immunomodulator, has 

been shown to affect various aspects of the immune system, 

including the function of cutaneous immune cells and the 

production of pro-inflammatory cytokines. Chronic UV 

exposure has been associated with skin inflammation, oxidative 

stress, and DNA damage, which may contribute to systemic 

inflammation and endothelial dysfunction, key mechanisms 

underlying CVD. Understanding the effects of UV radiation on 

cutaneous immunity and its implications for cardiovascular 

health could provide valuable insights into the development of 

targeted interventions for CVD prevention and management. 
 

Areas for Future Research 

Future research endeavors should focus on several key areas to 

advance our understanding of the role of cutaneous immune 

modulation in cardiovascular health and translate these findings 

into clinical practice. Firstly, more comprehensive studies are 

needed to identify the specific mechanisms through which 

cutaneous immune responses influence cardiovascular risk and 

disease progression. This may involve investigating the 

interactions between skin-derived inflammatory mediators, 

immune cells, and vascular endothelial cells in preclinical 

models and human cohorts. Additionally, large-scale 

epidemiological studies are warranted to establish the 

relationship between inflammatory skin conditions, such as 

psoriasis and atopic dermatitis, and cardiovascular outcomes, 

accounting for confounding variables such as traditional risk 

factors and systemic inflammation markers. 
 

Furthermore, clinical trials evaluating the efficacy and safety of 

immunomodulatory therapies targeting the skin immune system 

in patients with or at risk of CVD are essential for guiding 

evidence-based clinical practice. These trials should assess the 

impact of interventions such as biologic agents, topical 

treatments, and lifestyle modifications on cardiovascular 

endpoints, including cardiovascular events, mortality, and 

quality of life. Moreover, studies investigating the role of the 

skin microbiota in cardiovascular health and evaluating the 

potential benefits of microbiome-targeted interventions, such as 

probiotics and microbial transplantation, are warranted. By 

addressing these research gaps, we can further study the 

complex interplay between the skin immune system and 

cardiovascular health and identify novel therapeutic strategies 

for preventing and managing CVD. 
 

Conclusion 

In conclusion, the emerging evidence linking cutaneous immune 

modulation to cardiovascular health underscores the importance 

of considering skin immunity as a potential target for preventive 

and therapeutic interventions in CVD. While preliminary studies 

have shown promising results, further research is needed to 

interpret the underlying mechanisms and validate the efficacy of 

immunomodulatory therapies targeting the skin in clinical 

settings. By bridging the gap between dermatology and 

cardiology and leveraging insights from skin immunology, we 

can develop innovative approaches for reducing cardiovascular 

risk and improving patient outcomes. Ultimately, integrating 

cutaneous immune modulation into cardiovascular disease 

management strategies has the potential to revolutionize 

preventive cardiology and enhance the quality of care for 

individuals at risk of CVD. 
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