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Abstract

Psoriasis and atherosclerosis are chronic inflammatory conditions linked
by overlapping immunological pathways. Psoriasis, an autoimmune
skin disorder characterized by keratinocyte hyperproliferation and
plaque formation, is associated with an increased risk of cardiovascular
diseases, including atherosclerosis. Epidemiologic studies demonstrate
that this increased risk persists even after adjustment for traditional
cardiometabolic risk factors, highlighting psoriasis as an independent
contributor to cardiovascular disease. Atherosclerosis, a vascular disease
marked by lipid accumulation and immune cell infiltration, can lead to
severe cardiovascular events such as myocardial infarction and stroke.
The immune mechanisms driving both conditions overlap, with psoriasis
contributing to endothelial dysfunction and atherogenesis through the
activation of Th1 and Th17 cells, which produce proinflammatory cytokines
that exacerbate vascular inflammation. Key shared mediators include
tumor necrosis factor-a (TNF-a), interleukin-17A (IL-17A), interleukin-23
(IL-23), and interferon-y (IFN-y), which promote macrophage activation,
foam cell formation, and plaque progression.

In this review, we examine the contributions of the bacteria Chlamydia
pneumoniae, Helicobacter pylori, and Porphyromonas gingivalis to the
formation of atherosclerotic plaques by promoting chronic inflammation.
These pathogens induce endothelial dysfunction, oxidative stress, and
cytokine release through innate immune signaling pathways that overlap
with those activated in psoriasis. We also explore the shared immunological
and molecular pathways of psoriasis and atherosclerosis and the potential
role of psoriasis treatments in mitigating the progression of atherosclerosis
by targeting these specific bacteria. Specifically, biologic therapies
targeting TNF-o and IL-17A, commonly used in the management of
psoriasis, may also offer therapeutic benefits in reducing atherosclerotic
risk by modulating bacteria-induced vascular inflammation, supporting
further investigation into their cardiovascular effects.
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Introduction

Psoriasis and atherosclerosis are two distinct yet interconnected chronic
inflammatory conditions with multifactorial etiologies, characterized by
systemic and localized manifestations. Psoriasis is a common, chronic
autoimmune skin disorder affecting approximately 2-4% of the adult
population in the United States (Mehta et al. 2010; Armstrong et al. 2021).
Globally, psoriasis prevalence among adults is highest in Australasia
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(1.99%), Western Europe (1.92%), Central Europe (1.83%;),
and Canada and the United States (1.5%) (Parisi et al, 2020;
Zhang et al, 2022). Psoriasis is characterized by sustained
inflammation leading to hyperproliferation of keratinocytes
and subsequent plaque formation (Rendon et al, 2019). These
plaques are commonly found on the elbows, knees, scalp,
and lower back (Guo et al, 2023). Clinical types of psoriasis
include psoriasis vulgaris, guttate psoriasis, inverse psoriasis,
pustular psoriasis, and erythrodermic psoriasis, with psoriasis
vulgaris accounting for approximately 90% of cases (Rendon
et al, 2019).

Atherosclerosis is a chronic inflammatory vascular disease
marked by the accumulation of lipids, immune cells, and
fibrous matrix proliferation, culminating in arterial stenosis
and occlusion (Zhu et al, 2018). Atherosclerosis itself is not
fatal; however, thrombosis and rupture of atherosclerotic
plaque can lead to acute coronary syndromes and stroke
(Falk, 2006). The global prevalence of atherosclerotic
cardiovascular diseases is estimated to be around 523 million
people (Nedkoff et al, 2023).

Studies suggest that patients with psoriasis have a higher
incidence and increased risk of cardiovascular disease
compared to controls, including atherosclerosis (Wu et al,
2022). Psoriasis is linked to elevated risk of coronary artery
disease and myocardial ischemia in both the European and
East Asian populations, and a common genetic link for
psoriasis and cardiovascular disease has been suggested
(Zhang et al., 2022). In patients with severe psoriasis, the
risk of myocardial ischemia is increased by threefold, the
risk of stroke by 60%, and the risk of cardiovascular-related
deaths by 40% (Piaserico et al, 2022). Genetic studies have
demonstrated that IL-23 and TNF-a, both released in the
pathogenesis of psoriasis, are associated with coronary artery
disease (Piaserico et al, 2022). TNF-a has been recognized as
one potent cytokine in causing atherosclerosis as it can cause
reactive oxygen species formation and nitric oxide production
in blood vessels, resulting in endothelial dysfunction and the
first step in atherosclerosis (Kaptoge et al, 2014, Bai et al,
2017).

Recent research on how pathogenic bacterial species not
normally found in microbiota may contribute or are associated
with the formation of atherosclerotic plaques (Calandrini et
al, 2014; Ziganshina et al, 2016; Karabulut, 2020). Analysis
of the transcriptome of biopsies done on psoriatic skin lesions
and atherosclerotic plaque shows that TNF-a and IFN- y were
upregulated, establishing a common pathogenic pathway
(Reali et al, 2024). These bacterial species induce a particular
inflammatory response that helps with the progression
of atherosclerosis. This review aims to examine these
pathways and determine whether the psoriasis medications
target similar pathways and identify the potential benefits of
psoriasis treatment in the prevention of atherosclerosis.

Methods

To find literature, a search was conducted in PubMed,
Google Scholar, and Cochrane using a combination of
the terms “atherosclerosis,” “psoriasis,” “immune,” and
“bacteria” to identify relevant studies. Additional articles
were identified through the bibliographies of selected papers.
Peer-reviewed articles published from inception to October
1%, 2025, written in English, were included.

Discussion

Immunologic Pathophysiology of Psoriasis and Ath-
erosclerosis

While the pathogenesis of psoriasis is not fully understood,
it is suggested that excessive activation of the adaptive
immune system plays a role (Nestle et al, 2009). In the initial
steps of psoriasis pathogenesis, plasmacytoid dendritic cells,
keratinocytes, natural killer T cells, and macrophages secrete
the cytokines TNF-a, IFN-y, IFN-a, and IL-1f which activate
myeloid dendritic cells (Eder and Gladman, 2015; Armstrong
and Read, 2023). These activated myeloid dendritic cells
secrete two key cytokines: IL-12, which induces differentiation
of naive T cells to TH1 cells, and IL-23, which is key in the
survival and proliferation of TH17 and TH22 cells. (Eder and
Gladman, 2015). In turn, the TH1 cells secrete TNF-o and
IFN-v, the TH17 cells secrete IL- 17A, IL-17F, IL-22, and the
TH22 cells secrete IL-22 — all of which activate keratinocytes
(Alwan and Nestle, 2015). Activated keratinocytes induce
the production of antimicrobial peptides (LL-37 cathelicidin
and B-defensins), proinflammatory cytokines (TNF-a, IL-18,
IL-6), chemokines (CXCL8, CXCL9, CXCL10, CXCLI11,
CCL20), and S100 proteins which feed back into the
proinflammatory cycle, further activating the immune system
(Nestle et al, 2009). The pathogenic process of atherosclerosis
begins with accumulation of low-density lipoprotein (LDL)
accumulates in the subendothelial space of vessels which
undergo subsequent oxidation (Wolf and Ley, 2019). These
LDLs are taken up by macrophages and trigger inflammation
of the arterial wall by binding to TLRs (toll-like receptors)
(Curtiss and Tobias, 2009). The macrophages, now foam
cells and full of cholesterol, now activate the inflammasome,
composed of nucleotide binding domain and leucine-rich
repeat gene family that generates IL-13 (Duewell et al, 2010).
IL-1pB can enhance the expression of many pro- inflammatory
cytokines, the macrophages form the lipid core of a plaque,
and a fibrous cap covers the growing lipid core (Wolf and
Ley, 2019).

Currently Known Connection between Psoriasis and
Atherosclerosis

Helper T cell type I chronic inflammation in psoriasis
plays a pivotal role in the pathophysiology of insulin
resistance, atherosclerosis, and plaque rupture, leading to
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thrombotic events (Mehta et al, 2010). Psoriasis patients
exhibit a higher prevalence of traditional cardiovascular risk
factors, such as diabetes mellitus, hypertension, metabolic
dyslipidemia, tobacco use, and obesity (Mehta et al, 2010).
However, even after adjusting for these risk factors, psoriasis
remains independently associated with an increased risk
of myocardial infarction, coronary artery disease, stroke,
diabetes, endothelial cell dysfunction, and atherosclerosis
(Gelfand et al, 2006; Ludwig et al, 2007; Balci et al, 2009;
Prodanovich et al, 2009). Psoriasis, characterized as a
prototypical Thl and Th17 inflammatory disease, involves
Thl cell-secreted factors that significantly contribute to the
pathogenesis of atherosclerosis and myocardial infarction
(O’Malley et al, 2001). Further supporting this connection, a
study identified endothelial dysfunction as an early hallmark
of atherosclerosis (Balci et al, 2009). Studies also indicate
that psoriasis patients have increased intima-media thickness
of the carotid arteries and impaired endothelial function
compared to healthy controls, highlighting the heightened
cardiovascular risk associated with psoriasis (Ramirez-Teran
et al, 2022).

The relationship between psoriasis and cardiometabolic
risk has also been demonstrated through systemic
inflammatory biomarkers such as C-reactive protein and
GlycA, a glycan biomarker of N-acetyl side chains of acute-
phase proteins (GlycA) and C-reactive protein (Connelly
et al, 2017). GlycA is correlated with body mass index,
insulin resistance, markers of metabolic syndrome and has
been associated with the presence of coronary artery disease,
making it a reliable biomarker of cardiometabolic risk
(McGarrah et al, 2016). Psoriasis patients have been shown
to also have increased levels of GlycA, with initiating anti-
TNF-a therapy reducing psoriasis severity, GlycA levels, and
vascular inflammation (Joshi et al, 2016). In the Psoriasis
Atherosclerosis and Cardiometabolic Disease Initiative and
the Stockholm Psoriasis Cohort, patients with higher psoriasis
severity scores were associated with elevated GlycA levels,
and both measures correlated with coronary atherosclerosis
and future cardiovascular events (Svedbom et al, 2025).
Metabolic syndrome provides an important mechanistic
bridge between psoriasis and heightened cardiovascular risk
because it reflects the combined impact of central obesity,
hypertension, dyslipidemia, and impaired glucose regulation,
factors that are highly prevalent among individuals with
psoriasis (Neimann et al, 2006; Love et al, 2011). Among the
patients in the Psoriasis Atherosclerosis and Cardiometabolic
Disease Initiative, one third met criteria for metabolic
syndrome and demonstrated substantially greater systemic
inflammation, insulin resistance, and an adverse lipoprotein
profile compared with those without metabolic syndrome
(Teklu et al, 2021). These patients also had markedly higher
visceral adipose tissue volumes, a metabolically active
fat depot that releases inflammatory mediators linked to
endothelial dysfunction and atherosclerotic progression.

Hypertension, another common component of metabolic
syndrome in psoriasis, remained independently associated
with noncalcified coronary burden even after adjustment for
Framingham risk score, lipid-lowering therapy, and biologic
use (Teklu et al, 2021). Together, these findings demonstrate
that cardiometabolic abnormalities such as central obesity and
elevated blood pressure compound the inflammatory burden
of psoriasis and contribute to early coronary artery disease.

Bacteria in Atherosclerosis

Given the inflammatory nature of psoriasis and
atherosclerosis, identifying specific aspects of the shared
inflammatory pathways is key to understanding both. One
way is to look at the bacteria in atherosclerotic plaques,
which promote a pro-inflammatory state. The gut microbiota,
consisting of Actinomycetota, Pseudomonadota, Bacillota,
and Bacteroidota species, is increasingly recognized as an
important modifier of cardiometabolic health, and dysbiosis
contributes directly to the initiation and progression of
atherosclerosis (Lima et al, 2025). Microbial metabolism
of dietary fiber produces trimethylamine N-oxide (TMAO)
which can modulate cholesterol and bile acid metabolisms,
leading to lipid accumulation in macrophages, vascular
inflammation, and subsequent development of atherosclerosis
(Ghazalpour et al, 2016; Zhang et al, 2022; Shanmugham
et al, 2023; Alexandrescu et al, 2024; Lima et al, 2025). In
addition to TMAO, alterations in gut microbial composition
reduce production of short chain fatty acids such as acetate,
propionate, and butyrate which normally support epithelial
barrier integrity and exert anti-inflammatory effects (Lima
et al, 2025). Reduced short chain fatty acid production
weakens tight junctions and allows bacterial components
such as lipopolysaccharide to enter the circulation, where
they activate Toll-like receptors and amplify systemic and
vascular inflammation (El Hage et al, 2023; Lima et al,
2025). Dysbiosis also disrupts bile acid metabolism and
impairs activation of receptors such as FXR and TGRS that
regulate lipid handling, glucose homeostasis, vascular tone,
and cholesterol efflux (Porez et al, 2012; Xu et al, 2016;
Salazar et al, 2023). Collectively, these pathways illustrate
how gut microbiota influence endothelial function, lipid
metabolism, immune activation, and plaque formation, and
they highlight the gut microbiome as an important contributor
to atherosclerotic disease. Aside from bacteria associated with
microbiota, current research on bacterial species associated
with atherosclerotic plaque formation identified Chlamydia
pneumoniae, Helicobacter pylori, and Porphyromonas
gingivalis as the three most common non-microbiota species
(Pothineni et al, 2017; Morre et al, 2000; Karbulut et al, 2020;
Munusamy and Shanmugham, 2022). The common non-
commensal bacterial species with their associated immune
mediators and inflammatory mechanisms are summarized in
Table 1.
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Table 1: Non-commensal bacteria and associated immune mediators in atherosclerosis

. Immune Factors and Mechanisms Promoting Atherosclerotic
Bacteria . . References
Lesion Formation
IL-1q, IL-6, CCI2, IL-2: Early lesion progression, enhanced immune cell
recruitment and Th1 polarization.
Chlamydia TNF-a, metalloproteases (MMPs): Plaque instability Morre et al., 2000; Di Pietro et al., 2013;
pneumoniae and rupture, extracellular matrix degradtion. Pothineni et al., 2017; Karabulut, 2020
IL17A: Enhancement of macrophage uptake of oxidized LDL and foam
cell formation.
Helicobacter IL-1, IL-6, TNF-a: Induction of oxidative stress and endothelial Pothineni et al., 2017 Karabulut,. 2020; .
. o . . . Munusamy and Shanmugham, 2022; Aramouni
pylori dysfunction, increased endothelial adhesion molecule expression. otal. 2023
IL-1B8, IL-18: Inflammasome activation, induction of endothelial oxidative
Porphyromonas stress. Pothineni et al., 2017; Karabulut, 2020; Zhang et
gingivalis - al., 2021; Munusamy and Shanmugham, 2022
IL-1B, IL-6, TNF-a, and IFN-y: Sustained plaque growth

Chlamydia pneumoniae has been associated with
multiple stages of atherogenesis through the induction of
proinflammatory mediators (Table 1). In the early stages of
lesion progression, the pathogen stimulates the production of
IL-1a, IL-6, CCL2, and IL-12, which contribute to immune
cell recruitment and the differentiation of naive T cells into
Thl cells, thereby sustaining chronic vascular inflammation
(Di Pietro et al, 2013). As plaques develop, C. pneumoniae
promotes instability through upregulation of TNF-a and
matrix metalloproteinases (MMPs). These factors contribute
to vascular smooth muscle cell apoptosis and degradation of
extracellular matrix components, weakening the fibrous cap
and increasing the risk of plaque rupture (Di Pietro et al, 2013).
Additionally, the infection enhances foam cell formation via
induction of IL-17A, which promotes macrophage uptake
of oxidized LDL and increases expression of scavenger
receptors, contributing to lipid accumulation within the
arterial wall (Di Pietro et al, 2013).

Helicobacter pylori has been shown to contribute to
atherogenesis primarily through the induction of oxidative
stress and vascular endothelial injury (Table 1). The
infection triggers the release of proinflammatory cytokines,
including IL-1, IL-6, and TNF-a, which disrupt endothelial
function and promote a proatherogenic state (Aramouni et al,
2023). These mediators increase the expression of adhesion
molecules and enhance leukocyte recruitment to the vascular
wall, facilitating chronic inflammation. In addition, the
oxidative stress generated by H. pylori infection contributes
to lipid peroxidation and endothelial dysfunction, both of
which are central to early atherosclerotic lesion development
(Aramouni et al, 2023).

Porphyromonas gingivalis, a key periodontal pathogen,
has been associated with atherosclerosis through its
ability to trigger endothelial oxidative stress and amplify
inflammatory signaling (Table 1). It activates the TLR—

NF«B pathway, leading to the upregulation of IL-1p and IL-
18, which contribute to endothelial dysfunction and promote
a local proinflammatory environment (Zhang et al, 2021).
Infected endothelial and immune cells also produce elevated
levels of IL-6, TNF-a, and IFN-y, which further sustain
vascular inflammation and encourage plaque development.
These cytokines enhance leukocyte adhesion, vascular
permeability, and smooth muscle cell proliferation—factors
that collectively facilitate the progression and expansion of
atherosclerotic lesions (Zhang et al, 2021).

Aside from these specific bacteria, it is noted that
lipopolysaccharide, a major component of gram-negative
bacterial cell walls, may lead to release of TNF-a, IL-1B,
and IL-6 which work to promote endothelial activation,
oxidative stress, and vascular dysfunction, all of which
accelerate atherosclerotic plaque formation (Arya et al,
2025). Lipopolysaccharide also stimulates monocytes and
macrophages to upregulate enzymes such as neuraminidase
1 and adipose differentiation related protein, which increase
lipid deposition and enhance chemokine release within the
vascular wall (Triantafilou et al, 2007; Arya et al, 2025;
Jiang et al, 2025). In addition, lipopolysaccharide promotes
generation of reactive oxygen species through NADPH
oxidase, which contributes to smooth muscle cell proliferation,
endothelial injury, and plaque instability (Griendling et al,
2000; Loffredo et al, 2020; Arya et al, 2025).

Current Psoriasis Treatments and Potential Effects
on Bacteria associated with Atherosclerosis

The current biologic treatments for psoriasis target specific
parts of the psoriasis immune pathophysiology (Guo et al,
2023). Table 2 summarizes the current immunomodulatory
therapies used in the treatment of psoriasis, categorized by
their molecular targets. These agents primarily target key
cytokines involved in the pathogenesis of psoriasis, many
of which also contribute to the inflammatory mechanisms
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of atherosclerosis. Both conditions are driven by a dominant
Thl and Th17 immune response characterized by increased
production of IL-17A, IL-17F, IL-23, TNF-a, and IFN-y,
which promote sustained activation of keratinocytes in the
skin and endothelial and smooth muscle cells within the
arterial wall (Wang et al, 2022; Ponikowska et al, 2025).
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Importantly, therapeutic data reinforce the biologic overlap
between these conditions. Targeting IL-17 and TNF-a
pathways shows improvement in cutaneous inflammation
seen with psoriasis and in vascular inflammation, carotid
intima media thickness, pulse wave velocity, coronary
inflammation, and noncalcified coronary plaque burden seem
in atherosclerosis (Ji et al, 2024).

Table 2: Current immunomodulatory drugs used for psoriasis treatment and their targets.

Potential effect in

. References
Atherosclerosis

Joshi et al., 2016;

Enhancement of CIMT,
PWV, CRP levels

Guo et al., 2023; Svedbom
etal., 2025

Reduction of non-calcified
plague in CCTA; IL-17A
crosstalk

Merola et al., 2022; Guo
et al., 2023; Ji et al., 2024

Genetic linkage via IL-23R
polymorphisms

Piaserico et al., 2022;
Guo et al., 2023

Not elucidated yet; potential
benefit via IL signaling

Guo et al., 2023

Direct link to atherosclerosis

. Molecular . . L.
Therapeutic Agent Target Primary Effect in Psoriasis
Etanercept, Infliximab, Suppression of skin
; TNF-a . -
Adalimumab inflammation
Secukinumab, Ixekizumab, IL-17A, IL- Blocks IL-17-mediated
Brodalumab, Bimekizumab 17R keratinocyte activation
Ustekinumab (IL-12/23), .
Guselkumab, Tildrakizumab, | IL-12, IL-23 RedUCt'O”a‘;LL? :”d hi7
Risankizumab (IL-23 p19) pathway
JAK inhibitors (Tofacitinib, JAK/STAT | Broad suppression of cytokine
Upadacitinib, Deucravacitinib) pathway signaling
PDE4 inhibitors (Apremilast, | ppey cAMp | Modulation of inflammation
Roflumilast)

is not elucidated yet ChECt, 1P

Considering that Chlamydia pneumoniae, Helicobacter pylori, and Porphyromonas gingivalis release cytokines implicated
in the progression of atherosclerosis, biologic agents used in psoriasis may have the potential to influence this inflammatory
pathway. A summary of these overlapping mechanisms is presented in Figure 1.

Anti-IL-17A
Psoriasis Therapies

Secukinumab
Ixekizumab
Bimekizumab
Brodalumab

IL-1a
IL-6
CcCL2
IL-12
TNF-a
MMP
IL-17A

Anti-TNF-a
Psoriasis
Therapies

Helicobacter pylori

Etanercept
Infliximab
Adalimumab
Certolizumab

Porphyi anasg givalis

TLR-NF«B
pathway
IL-1 IL-1B
IL-6 IL-6
TNF-a IL-18
TNF-a
IFN-y

Atherosclerosis Plaque Formation

Figure 1: Overlap between biologic targets for psoriasis treatment and bacteria-induced cytokines in atherosclerosis. Created in BioRender.

Hung, F. (2026) https://BioRender.com/sgqvaih
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Drugs that inhibit TNF-a, such as etanercept, infliximab,
and adalimumab disrupt a central proinflammatory pathway
that is associated with both psoriasis and atherosclerotic
plaque development (Guo et al, 2023). TNF-a contributes to
atherosclerotic plaque formation by promoting endothelial
dysfunction, leukocyte recruitment, and macrophage
activation, thereby driving plaque development and instability.
In psoriatic lesions, it stimulates keratinocyte proliferation
and sustains inflammatory cell infiltration. Similarly, IL-
17A inhibitors (secukinumab, ixekizumab, bimekizumab,
and brodalumab) block a cytokine known to mediate both
epidermal and vascular inflammation (Guo et al, 2023).
IL-17A induces keratinocytes to secrete chemokines and
antimicrobial peptides that amplify cutaneous inflammation,
while in the arterial wall it enhances the uptake of oxidized
LDL by the macrophages, promoting foam cell formation
and atherogenesis. Consequently, inhibition of these
cytokine pathways is likely to attenuate both psoriatic and
vascular inflammatory processes. Targeting the 1L-12/IL-23
axis, ustekinumab and the IL-23 p19 inhibitors guselkumab,
tildrakizumab, and risankizumab downregulate Th1 and Th17
pathways, whicharecentraltothe pathogenesisofbothpsoriasis
and atherosclerosis. Inhibition of IL-36 with spesolimab, as
well as modulation of intracellular signaling via JAK/STAT
inhibitors (tofacitinib, upadacitinib, deucravacitinib) and
PDE4 inhibitors (apremilast, roflumilast), provides broader
suppression of proinflammatory cytokine production (Guo et
al, 2023). Therefore, although these agents are primarily used
to treat psoriasis, they may also help attenuate atherosclerotic
inflammation through their effects on common inflammatory
pathways.

Conclusion

This study reviews the potential intersection between
psoriasis treatment and atherosclerosis prevention through
the targeting of atherosclerosis-associated bacteria. Current
studies have shown that TNF-o inhibitors may improve
subclinical atherosclerosis and cardiovascular events.
However, this relationship is debated due to its association
with weight gain (Mehta et al, 2010; Merola et al, 2022).
Clinical trials on the IL-17A inhibitor secukinumab, IL-
12/IL-23 inhibitor ustekinumab, demonstrate the possible
reduction in aortic inflammation (Merola et al, 2022). In
addition, there are limitations to using inflammatory markers
in understanding the direct relationship between psoriasis
and atherosclerosis (Svedbom et al, 2025). Further studies
should focus on these specific psoriasis biologic therapies
in the context of infections with Chlamydia pneumoniae,
Helicobacter pylori, and Porphyromonas gingivalis.
Additional research is required to elucidate the role of bacteria
or their components within microbiota, their immunologic
influence on atherosclerosis, and potential therapeutic
approaches targeting these mechanisms.
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