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Summary

Large part of the current research in the field of psoriasis is directed towards identifying and characterising new biomarkers, for both diagnostic
and prognostic purposes at clinical settings. This will help in developing prompt and effective therapeutic approaches, particularly to manage the
cardiovascular risk factors often associated with psoriasis, to reduce cardiovascular morbidity.

This review highlights the biomarkers that have been identified to date, that are accessible and very useful to primary care physicians (PCPs), because,
in most cases, these are the first indicators of psoriasis in the patients. We have focussed on the inflammatory and oxidative stress pathways to identify
inflammatory biomarkers that link cardiovascular disease (CVD) risk with psoriasis, in both sexes. In addition, we have separately collated the
information specific to women, unlike previous reviews.

Our review also emphasises the importance of staying abreast of the advances in the field, to understand the comorbidities of psoriasis. With new
therapeutic approaches that offer novel treatment options, chances of detecting the comorbidities, even in their subclinical phase, improve. This can lead
to accelerated clearance of skin lesions, and improved quality of life for the patients.
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Introduction

Psoriasis vulgaris is a chronic, immune-mediated, inflammatory,
polygenic skin disorder. Its prevalence is approximately 2% in the
general population. It has a universal occurrence with a very similar
proportion in men and women [1]. It can appear at any age, but two
peaks in age of onset have been reported: the first between 20 and 30
years, and the second between 50 and 60 years [2].

Plaque-type psoriasis is the most frequent presentation
representing 90% of cases and clinically manifests as well-demarcated
erythematous plaques covered by silvery-white scales. They are located
mainly on the extensor surfaces of the extremities, scalp, sacral area,
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and umbilicus. Psoriasis has a notable effect on quality of life; patients
often experience depression, anxiety, and stigma as well as suicidal
behaviour [3].

As Surcel et al. and Benson et al. [4,5] the knowledge of the
pathogenesis of psoriasis has evolved over the years. Currently, the
roles played by interleukin (IL) -23, IL-17, IL-22, T helper (Th) -17
cells, Th-22 cells, regulatory T cells, transforming growth factor (TGF)
-B1 and IL-10 in the pathogenesis of the disease have been highlighted
[4,5].

It has been reported by Fernindez-Armenteros et al. [6] that
psoriasis is an independent risk factor for the development of coronary
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artery disease and acute myocardial infarction. Thus, patients with
moderate and/or severe psoriasis have a higher risk of developing
ischemic heart disease or cerebrovascular disease than the general
population.

Kimball et al. [7] conducted a study with 1,591 patients with
moderate or severe psoriasis, and, based on the Framingham table,
they estimated the 10-year risk of coronary heart disease and stroke
in this population. They verified that for patients with a Psoriasis Area
and Severity Index (PASI) score (>20), the risk was estimated at 12.2%
and 8.7%, respectively.

Hu et al. [8] analysed the risk of stroke in patients with psoriasis.
They found that psoriasis, in mild and severe forms, is an independent
factor directly related to the development of stroke. They found no
relationship between psoriasis and suffering or depression.

In a thorough study, different comorbidities are listed that may
accompany psoriasis, noting that several treatments target interleukin
(IL) 17. However, it is still unclear whether they should be used in
patients who are at a higher risk of developing CVD. There are some
studies that describe its efficacy in psoriasis patients who are affected
by myocardial infarction, hypertension, and chronic renal failure [9].

Anti-IL17A/F treatment has been tested in a randomized,
double-blind, placebo-controlled Phase 1 clinical trial. Changes were
observed in liver enzyme levels, and clinical readouts, such as vital
signs, electrocardiograms, or body weight. In this trial, no deaths were
reported [10].

“Author last name” briefly describes biomarkers for systemic
inflammation, noting that some are prognostic biomarkers, and that
some are diagnostic biomarkers. A complete review of biomarkers is
described here in our manuscript.

Thus, psoriasis can be considered as the amplifier of the
inflammatory march if the metabolic disorder appears before the
diagnosis of psoriasis [11].

Patients with psoriasis have been found to have increased arterial
stiffness. Increased risk of hypercholesterolemia, atherosclerosis,
metabolic syndrome, and insulin resistance may also develop after
chronic vascular inflammation; improvement of psoriasis can lead to a
reduction in aortic vascular inflammation [12]. Additionally, patients
with psoriasis are more likely to have subclinical atherosclerosis,
greater carotid artery intimal thickening, and substantial endothelial
dysfunction than the general population. The inflammatory nature of
atherosclerosis and psoriasis has been highlighted recently; both are
associated with T lymphocyte-mediated adaptive immune events and
mechanisms involving innate immunity [13].

Alexandroft et al. [14] reported that obesity and psoriasis produce
subclinical inflammation characterized by an increase in the levels
of pro-inflammatory cytokines such as IL-6, TNF-a, and C-reactive
protein (CRP).

Schikel et al. [15] focused on the innate and adaptive immune
system and found interactions among neutrophils, macrophages,
THI1 lymphocytes, monocytes, platelets, and IL-17a, which have been
implicated in the pathophysiology of psoriasis and atherosclerosis.
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Chronic inflammatory systemic diseases (CISDs) are part of
a spectrum of chronic diseases in which inflammation plays an
important role in pathogenesis. CISDs and cardiovascular diseases,
including atherosclerosis, share common pathogenic features in which
inflammatory cytokines play an important role. Common pathogenic
features include immunological processes (diseases mediated by
Th-1 cells), inflammatory cytokine profiles, and the presence of
inflammatory markers both locally and systemically. Activation of
these inflammatory cells, together with the release of inflammatory
cytokines and proteases, contributes to the development of psoriatic
lesions and plays a major role in the breakdown of atherosclerotic
plaques [14].

Boehncke et al. [16] found that reduced levels of adiponectin are
associated with insulin resistance and several adverse vascular events
and are inversely correlated with serum CRP in obese patients with
diabetes and those with coronary artery disease. Risk factors for
cardiovascular disease (obesity, insulin resistance, and dyslipidaemia)
are associated with decreased levels of adiponectin and high levels of
leptin. Elevated levels of leptin in patients with psoriasis are associated
with overweight and obesity, but not with the severity of psoriasis [17].

The assessment of cardiovascular risk through scales helps in
therapeutic decision making and in cardiovascular prevention. The
following necessary variables were collected for the calculation of
coronary risk using both the Registre Gironi del cor (REGICOR) and
Systematic Coronary Risk Evaluation (SCORE) scales: age, sex, total
cholesterol, high density lipoprotein (HDL) cholesterol, systolic blood
pressure, diastolic blood pressure, smoking history, and antecedent of
diabetes mellitus (DM).The calculation of the risk of cardiovascular
death by SCORE is based on the figures of total cholesterol and for
countries of low risk, it was based on the following: age, sex, total
cholesterol, systolic blood pressure, and smoking history [18] or the
JUPITER study where HDL was an inverse predictor of incident
events and biomarker of residual risk [19].

However, there is a discrepancy in the estimation of these scales for
cardiovascular risk since they have limitations. Comparative studies
were performed among the SCORE, REGICOR, and Framingham
scales in our setting, and discrepancies were found in the detection
of high risk and therapeutic indications (SCORE favours intervention
in women with hypertension and Framingham in men with
dyslipidaemia). The SCORE has the aggravating circumstance that it
only estimates cardiovascular mortality and not morbidity [18-20].

Other scales used to determine cardiovascular risk were the
American Framingham and POOLED cohort [21]. In patients with
moderate-severe psoriasis, it is probably convenient to multiply the
score obtained according to Framingham or SCORE by 1.5 [22].

In Spain, the only valid scale is REGICOR, but it only measures
coronary risk. European countries support the SCORE scale but it
only measures mortality and does not include people over 65 years of
age. Currently, some authors consider the English scale promoted by
the National Institute for Health and Care Excellence (NICE) as one
of the most complete. The scale is called QRISK. It is available online
at https: //qrisk.org/three [23] is the 3rd version [24].
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In any case it is convenient follow the guidelines proposed by
Dauden et al. [2]. Following the Spanish recommendations, screening
for cardiovascular risk factors should be performed every 6 months
in patients with systemic treatment and yearly in patients with topical
treatment.

In the study conducted by Cea-Calvo et al. [26], the presence
of undiagnosed cardiovascular risk factors (CVRF) in patients with
psoriasis was investigated. For this, 368 patients were recruited,
with an average age of 48 years, 96% with psoriatic plaque, 23% with
psoriatic arthritis, and 4% with other forms of psoriasis.

Through the measurement of blood pressure and fasting blood
test, new cases of cardiovascular risk factors (CRFV) were detected in
more than 27% of patients. In addition, the 10-year cardiovascular risk
was similar to that of patients with known CVRF [26] macrophages.

The PCPs are important in the evaluation of cardiovascular risks
in patients with psoriasis, because often they are the only physicians
to treat and follow up with these patients. Their role can be more
effective, if they possess sound knowledge of these pathologies and
training to handle and treat them [27]. Research on this disease is
primarily directed towards identification and characterization of new
biomarkers. In this review, information about the main diagnostic and
prognostic biomarkers, and their responses to different treatments,
were collected from the patients of psoriasis with cardiovascular risk.
These data can be useful in clinical practice.
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Moore et al. [28] reported that the development of an
atherosclerotic plaque is one of the most important risk factors. It
is a multistep process and inflammation contributes to both the
development of atheroma itself and the eventual rupture of the
plaque; the first step is altered endothelial function with a change in
the normal homeostatic responses; the next step is the recruitment
of macrophages into the developing lesion and the accumulation of
lipid-laden macrophages (foam cells) to form a fatty streak and the
formation of a more advanced fibrous lesion, which is covered by a
fibrous cap. Then, it gradually develops into an advanced and complex
lesion, continuing in thinning of the fibrous cap to create a potentially
unstable plaque that can eventually rupture, which leads to thrombosis
and clinical evidence of vascular occlusion [28].

Family history of atherosclerosis, metabolic syndrome, diabetes,
obesity, increased levels of inflammatory molecules (Figure 1) [29],
discontinuity in the follow-up of patients [30] with newly diagnosed
hypertension, diabetes, and hypercholesterolemia were associated
with higher cardiovascular events, and associated mortality, escalating
the financial cost of the health care.
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Histopathological changes observed in psoriasis are due to
important and complicated interactions between keratinocytes,
dendritic cells, T lymphocytes, neutrophils, and mast cells. IL-23, IL-
17,1L-22, Th-17 cells, Th-22 cells, regulatory T cells, TGF-B1, and IL-
10 are involved in the pathogenesis of the disease. The IL-23/IL-17 axis
is the main immune pathway in the pathogenesis of psoriasis. Multiple
factors induce mDC activation with consequent IL-23 production
(IFN-a, TSLP), which, in turn, mainly stimulates T-cell subsets and
also ILC3, mast cells, and neutrophils, which secrete IL-17. Other
cytokines derived from T cells, mast cells, and ILC3 (IL-22, IL-17F,
and IL-21) and from mDCs (TNFa, NO, and IL-20) are responsible
for the development of psoriasis. T17 and T22 cells represent all T-cell
subsets producing mainly IL-17 and IL-22.

Chronically released proinflammatory cytokines in patients
with poorly controlled psoriasis pass into the circulatory system
and potentiate and perpetuate systemic inflammation. This systemic
inflammation causes obesity, hypertension, dyslipidemia, and type
2 DM. Additionally, this leads to an increase in insulin resistance,
endothelial dysfunction, and the onset of cardiovascular diseases.

Environmental factors studied by Balak et al. [31] included
infectious agents, a high-fat diet, smoking, alcohol consumption, low
levels of antioxidants, and lack of exercise, as well as psychological
stress, certain medications (antimalarial drugs, beta-blockers, lithium,
and nonsteroidal anti-inflammatory drugs), and a history of skin
disorders (e.g. psoriasis).

However, there is little data about subclinical alteration of
myocardial function and adjacent vascular changes in patients with
mild psoriasis. Milaniuk et al. [31] used two-dimensional stress
echocardiography (2D-SE) for the quantification of alterations in all
dimensions of the left ventricle. They reported that an increase in
stiffness negatively affects cardiac function.

Dattilo et al. [33] evaluated cardiac performance and vascular
rigidity in patients who had mild psoriasis and had no other risk
factors or were undergoing treatment. The patients came from the
department of Dermatology where they went periodically for follow
up. Finally, 33 patients were included in the study sample. The control
group consisted of healthy volunteers. The researchers found a
significant correlation between global longitudinal strain and patient
age. They also found that arterial stiffness values were significantly
higher in psoriatic patients [33].

A study conducted by Sutton-Tyrrell et al. [34] showed arterial
stiffness, a characteristic finding in patients with CISDs, is one
of the most important determinants of increasing systolic blood
pressure and pulse pressure; thus, it is a major cause of cardiovascular
complications and events.

Ardic et al. [35] reported comparable left ventricle dimensions,
wall thickness, and ejection fraction between patients with psoriasis
and healthy controls.

Goga et al. [36] determined the presence of preclinical cardiac
dysfunction in a cohort of 52 psoriatic patients without cardiovascular
risk factors. They compared them with a control group. Both groups
underwent echocardiographic conventional and tissue Doppler (TDI)
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studies. Left ventricular diastolic dysfunction was found in 36.5%
patients in the psoriasis group versus 0% in control group. In addition,
it was found that patients with psoriasis have a significant increase in
mitral regurgitation [36].

Balbul-Senetal. [37] conducted a cross-sectional and observational
study with 65 patients with psoriasis and a control group. They verified
that carotid intima-media thickness (CIMT) is a potential indicator
of subclinical atherosclerosis in patients with psoriasis. Epicardial fat
thickness (EFT) is proposed as a new cardiometabolic risk factor. They
stated that EFT and CIMT are increased in patients with psoriasis, and
that echocardiographic EFT will be correlated with CIMT in patients
with psoriasis. This shows that echocardiographic study through
EFT may be a marker of subclinical atherosclerosis and increased
cardiovascular risk in patients with psoriasis.

Another comorbidity of psoriasis considered by Gisondi et al. [38]
is the non-alcoholic fatty liver, which is currently considered to be the
hepatic manifestation of metabolic syndrome. This condition is linked
to an increased risk of future cardiovascular events independent of
conventional risk factors [39].

Schiffrin et al. [40] found that a decreased flow velocity in the
brachial artery indicated a risk of developing coronary artery disease.

El-Mongy et al. [41] reported that patients with psoriasis had
more prevalent valvular regurgitation, abnormal diastolic relaxation,
left ventricular hypertrophy, left ventricular diastolic dysfunction, left
ventricular wall motion abnormalities. Mitral valve and tricuspid valve
prolapse were found to be more prevalent in patients with psoriasis in
a few studies, but in other studies, these results were not confirmed.

Echocardiographic findings from Biyik et al. [42] demonstrated
that compared with the control group, patients with psoriasis had
greater aortal diameter, greater septal and posterior wall thickness,
more frequent tricuspid and mitral regurgitation, and increased systolic
pressure in the right ventricle. Early atherosclerotic echocardiography
predictors were found in the patients with psoriasis.

Goyal et al. [43] reported that psychological stress and depression
have been increasingly in recent years and have been associated
with multiple traditional cardiovascular risk factors. The amygdala
regulates physiological and behavioural changes in response to stress
and fear; using 18-fluorodeoxyglucose positron emission tomography
computed tomographic (FDG PET/CT) imaging, the resting
metabolic activity in the amygdala can be reproducibly assessed.
Measures of stress-related neural activity are associated with anxious
temperament and are upregulated in anxiety disorders, chronic stress,
and depression. In 2017, Tawakol et al. [44] studied the importance
of amygdalar activity (AmygA) with increased bone-marrow activity
and arterial inflammation but they studied patients who did not have
psoriasis. Goyal concluded that AmygA is strongly associated with
aortic vascular inflammation (VI) and risk of major cardiovascular
events. This association is partially mediated by upregulated
hematopoietic system activity (HMPA). Psoriasis patients have
elevated rates of anxiety and depression, and is also an independent
factor directly related to development of CVD.

A retrospective study was conducted by Shiba et al. [45] to analyse
the relationship between psoriasis and myocardial infarction, diabetes,
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and dyslipidaemia. They included more than 100,000 patients of all ages
and performed multiple statistical analysis with the following results:
patients with psoriasis have a higher prevalence of hypertension, DM,
myocardial infarction, and hyperlipidaemia. There is an independent
association between psoriasis and myocardial infarction.

Correlation between Cardiovascular Risk and Psoriasis
Severity Indices

The importance of the severity of psoriasis in the development of
cardiovascular disease is also supported by evidence of a correlation
between PASI values and insulin secretion. Insulin resistance is
a characteristic feature of metabolic syndrome. In patients with
psoriasis, a statistically significant correlation has been observed
between serum levels of resistin (a cytokine that is elevated in insulin
resistance situations) and PASI [46]. These data indicate that the
severity of psoriasis is related to an increased risk of cardiovascular
complications and point to the pathogenic importance of a state of
chronic inflammation in the development of vascular disease in these
patients.

Prodanovich et al. [47] found a relationship between the
severity of psoriasis with the risk for atrial fibrillation and ischemic
cerebrovascular disease, with an atrial fibrillation incidence of 3.03 in
patients without psoriasis compared to 5.96 in patients with severe
psoriasis; similar figures were detected for ischemic cerebrovascular
disease.

The risk score measured with the Framingham scale by Eder et al.
[47] was significantly higher in patients with chronic plaque psoriasis
than in the control group (grouped by age and sex). In patients older
than 50 years, there was no correlation between the risk score and the
severity of PASI [48].

To relate the severity of psoriasis to vascular inflammation, Naik
et al. [49] recruited 60 patients with psoriasis and 20 controls, and
measured the severity of the disease through PASI and vascular
inflammation with the use of FDG PET/. They demonstrated that
severe psoriasis is associated with atherosclerotic disease, and the
presence of the disease alone increases cardiovascular risk, coupled
with concomitant risk factors [49]. The contribution of PASI score in
predicting vascular inflammation (aortic target-to-background ratio)
beyond Framingham risk score and high-sensitivity C-reactive protein
(hsCRP) was determined using likelihood ratio testing in nested
models PASI score. The authors found that the severity of psoriatic
skin disease increases vascular inflammation independently [49].

In a review by Prey et al. [50], they investigated the psoriasis
cases (with different degrees of severity) and cardiovascular risk
factors described in the literature between 1980 and 2009. Finally, 18
articles were selected from the main medical databases. There was
an association between diabetes and psoriasis in 11 studies. The risk
of diabetes was higher in patients with a moderate or severe degree
of psoriasis [51, 52]. Three studies showed an association between
hypertriglyceridemia and psoriasis, and only one study showed
an association between psoriasis and total cholesterol levels. None
of the studies showed an association between psoriasis and risk of
dyslipidaemia or HDL cholesterol levels.
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The risk of hypertension was described in 10 studies compiled
by Herron et al. [53] but a relationship between the level of risk and
the degree of severity of psoriasis was not established. Eight articles
showed the risk of obesity in psoriasis and reported that the risk
increases directly depending on the severity of psoriasis. All articles
showed an increased risk of metabolic syndrome (MS) in patients with
psoriasis [53].

Chronic stress-related neural activity as measured by AmygA was
higher in patients with severe PASI. Increased AmygA was related to the
severity of psoriatic skin disease and subclinical cardiovascular disease
(CVD). The amelioration of psoriasis with therapy was accompanied
by reductions in AmygA, HMPA, aortic vascular inflammation, and
stabilization of non-calcified coronary plaque burden (NCB). Stress
affects the endocrine system, leading to upregulation of circulating
catecholamines, glucocorticoids, and inflammatory cytokines, which
subsequently leads to CVD. Psychological stress should be considered
in evaluating CVD risk, especially in inflammatory disease states. The
effect of reducing inflammation, as proven by improvement in PASI
severity, on AmygA, HMPA, aortic VI, and NCB, [43].

In a study conducted by Uyar et al. [54], the mean serum
concentrations of fetuin-A, alanine aminotransferase (ALT), and
rheumatoid factor levels were found to be higher in patients with
psoriasis. Median CIMT levels were significantly higher in patients
with mild-to-moderate psoriasis compared to controls, but no
correlations were found among the serum fetuin-A levels, CIMT
levels, and PASI scores.

Rosa et al. [55] showed that 75% of patients with moderate or
high risk presented a with a PASI below 10. Thus, although psoriasis
patients had an increased cardiovascular risk, there was no relationship
between severity of the cutaneous manifestations and a higher risk.

In a study by Gisondi et al. [56], using the Framingham risk score,
they found the severity of cutaneous manifestations, measured by
PASI, was associated with an increased cardiovascular risk.

Sorokin et al. [57] demonstrated that patients with psoriasis have
a relative and absolute increase in circulating monocyte aggregates as
well as an increase in intermediate monocytes, which correlates with
an increase in the severity of PASI.

Sphingolipids, specifically ceramides (CER) and sphingosine-
1-phosphate (S1P), are signal molecules that are responsible for
regulating cell growth, apoptosis, and immune reactions. Mysliwiec et
al. [58] demonstrated that circulating levels of CER and S1P in plaque-
type psoriasis were associated with disease activity through the PASI

measure.

Women, psoriasis and CV risk

Interestingly, there were few instances of psoriatic women with
increased risk of developing CVD. Some studies grouped patients
based on sex, however, CVD risk was not always reported with patient
sex. In this section, we collected information from the few studies that
observed CVD risk in psoriatic women.

In Denmark, Blegvad et al. [59] studied 2,435 women with
psoriasis (2.90%) and 81,388 women without psoriasis and concluded
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that psoriasis is significantly associated with hypercholesterolemia
and hypertension. Women with psoriasis have an increased risk of
developing cardiometabolic disorders in early adult life. Screening for
classic risk factors such as hypertension, hypercholesterolaemia, and
hyperglycaemia, is advised. Additionally, preventing type 2 diabetes
may be important when treating patients with psoriasis, particularly
in younger patients.

In a study by Pietrzak et al. [60], 432 patients with psoriasis and a
control group of 546 were selected. Both psoriatic and control patients
showed that CVD occurrence increased with age and concluded that:
a) the incidence of psoriasis and CVD in women increases with age, b)
it is unclear whether menopause increases the risk of psoriasis, ¢) it is
unclear whether menopause and resulting hormonal disturbances are
independent CVD risk factors, and d) investigating whether hormone
replacement therapy reduces CVD risk in psoriatic patients may be
important.

Lietal. [61] conducted several studies on psoriatic women and the
risk of developing CVD. In particular, the study published in Nurses’
Health Studies (NHS) collected epidemiological information about
the health status of women in different diseases, showing a strong
relationship between psoriasis and CVD. In another study, there was
a significantly higher risk of type 2 diabetes in psoriatic patients,
and that this occurred particularly among younger women who
had developed psoriasis at an early age [62]. Some of these patients
eventually developed CVD. Li et al. [63] also showed that women
with psoriasis had increased non-fatal CVD resistance, especially
myocardial infarction. Therefore, women who developed psoriasis
earlier, or those who have had it for a long time, presented an increased
risk of myocardial infarction.

Prognostic Biomarker

The onset of psoriasis at an early age increases the risk of
myocardial infarction. This appears to be due to an increase in the
time of exposure to a chronic systemic inflammation. In a cross-
sectional study with 301 participants, Kumdai et al. [64] found that
certain HLA antigens, including A30, B50, Cw6, and DR7.20, were
associated with early-onset psoriasis.

On the other hand, Wongpiyabovorn et al. [65] reported that IL-
10 distal promoter polymorphisms are usually associated with late-
onset disease.

Oxidized LDL (OxLDL) is very important in the exacerbation
of atherosclerosis; thus, it is an important factor in the treatment of
cardiovascular disease. In psoriasis, the efflux capacity of cholesterol
is decreased, which changes after treatment. Activated oxidation
lipid mediators (OMLs) abound in psoriatic skin, playing a critical
role in the process of initial inflammation and resolution. A study
by Sorokin et al. [57] with 252 patients with psoriasis and a control
group measured LDL with modified oxidation, HDL, lipoprotein A,
cholesterol efflux capacity, and size and number of lipoproteins. They
observed an increase in oxidized Lp (a), Lp (a), and oxidized HDL.
The activity of paraoxonase-1 was increased by possible compensatory
oxidative effect. It was concluded that psoriasis is associated with
increased levels of some OMLs as opposed to healthy individuals.
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OxLDLs have a direct association with the non-calcified plaque. The
authors suggest that serum levels of OML could be useful as early
markers in atherosclerosis by coronary computed angiography, which
allows the quantification and characterisation of non-calcified plaque
in the coronary arteries [57].

Dini¢ et al. [66] recruited 66 patients with chronic psoriasis
plaque. The control group consisted of 20 patients with generalized
eczema and 20 healthy controls, all of whom were between 18 and 60
years old, had no associated comorbidities, and underwent systemic
treatment. Blood samples were taken and analysed. The values for
the following were obtained: erythrocyte sedimentation rate (ESR),
fibrinogen, PCR, Dimer-D, serum amyloid A, Apolipoprotein (Apo)
Al, Apo B, Apo B/ Apo Al ratio, serum concentration of uric acid
(SUACQ), fasting insulin, Peptide-C, creatinine clearance obtained by
Cockroft-Gault formula, microalbuminuria and proteinuria in 24 h.
Colour duplex Doppler ultrasound was also performed to measure
the following: arteriovenous resistance; the thickness of the medial
intima of the common carotid artery distal to the posterior wall of
the carotid bifurcation; the femoral artery and its resistance and
pulsatility indices; and maximum flow velocity of the femoral and
brachial arteries. B-mode ultrasound was used. Patients with psoriasis
presented with the parameters associated with cardiovascular risk,
in addition to metabolic syndrome, even in the absence of other risk
factors [66].

Three distinct monocyte populations have been identified
and genotyped within human blood: classical monocytes (CD14
++ CDI162), intermediate monocytes (CD14 ++ CD16 +), and
nonclassical monocytes (CD14 + CD16 ++). Among the results
obtained by Golden et al. [57], it was found that patients with psoriasis
have a higher percentage of intermediate circulating CD14 + CD16
+ monocytes compared to controls. This was obtained through
peripheral blood samples, and/or biopsies in healthy controls and
in patients with psoriasis. Systemic or topical therapy were not used
for the preparation of mononuclear cell preparations in peripheral
blood. It was also shown that the classical monocytes subset (CD14
++ CDI162) correlates negatively with PASI, and the nonclassical
monocytes (CD14 + CD16 ++) do not show any correlation [67].

The vascular uptake of fluorodeoxyglucose (FDG) is associated
with unstable atherosclerotic plaques. A relationship was found
between arterial inflammation detected by FDG PET/CT and the
presence of high-risk coronary plaque, which is mainly composed
of cells of the psoriatic plaques. This suggests a potentially shared
immune mechanism and demonstrates the role of neutrophils in the
perpetuation of psoriasis and their comorbidities; the downregulation
of CD16 and CD62L in this sample indicates a decreased ability to
mediate inflammatory damage and a greater activation state. It was
also reported that SI00A8/A9 proteins may serve as mediators or
by-products in one of the potential pathays linking psoriasis severity
and arterial inflammation, confirming the role of neutrophils in

cardiovascular disease associated with psoriasis [49].

Ryan at al. [68] found microparticles present in the atherosclerotic
plaque breakdown, which causes cardiovascular events. They also
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showed an increased concentration in these microparticles in patients
with psoriasis.

Homocysteine is an amino acid produced in the liver that is
involved in the pathogenesis of several diseases, including psoriasis.
It increases the levels of oxidative stress and inflammation, and
induces apoptosis of endothelial cells, which favours atherosclerosis;
atherosclerosis is the most common cause of cardiovascular pathology
such as myocardial infarction or heart failure. Homocysteine levels
can be used as predictors for cardiovascular risk, and they are
directly related to the severity of psoriasis [69]. Homocysteine plays
an important role in the DNA methylation cycle, which is a process
related to epigenetic mechanisms. Wang et al. [70] reported that
several studies have observed that hyperhomocysteinemia reduces
levels of DNA methylation, which is related to the pathogenesis of
psoriasis. Genes that encode proteins such as HLA-DRBI, protein
tyrosine phosphatase 1 (SHP-1), or different high proliferative
potential colony-forming cells (HPP-CFCs) are hypomethylated.

Qi at al. [71] reported that methylene tetrahydrofolate reductase
(MTHEFR) participates in the irreversible conversion of a cofactor
that participates in the remethylation of homocysteine to methionine.
Only one polymorphism of the MTHFR gene (677C> T) is related
to psoriasis, and there are reports of the relationship between this
polymorphism and cardiovascular diseases. This polymorphism is not
a risk factor in the pathogenesis of psoriasis, but it can influence the
severity of psoriasis.

Psoriasis in combination with obesity/MS produces greater
systemic inflammation and greater oxidative stress, which promotes
endothelial dysfunction and the formation of atherosclerotic plaques,
which increase the risk of cardiovascular disease. Kaur et al. [72]
found that obesity and psoriasis produce subclinical inflammation
characterized by an increase in the levels of pro-inflammatory
cytokines such as IL-6, TNF-a, and CRP. The levels of CRP and IL-6
are related to the severity of psoriasis.

Psoriatic skin disease severity showed a linear relationship with
AmygA, and was associated positively with subclinical cardiovascular
disease, a higher Framingham risk score, more insulin resistance, and
higher CRP levels. When psoriatic skin disease severity improved,
there was a significantly concurrent decrease in AmygA, bone
marrow activity, and aortic elasticity, and found beneficial effects of
skin disease clearance on the amygdala and aorta after one year of
treatment [73, 74].

The CRP is an acute phase reactant protein produced from
hepatocytes within hours after being stimulated from infection,
inflammation, or tissue damage. Its levels decrease rapidly after
the stimulating factor has been eliminated or has responded to
treatment. Uaratanawong et al. [75] showed that the hs-CRP level
was significantly higher in the psoriasis group with a significant
correlation between hs-CRP and PASI score after controlling for other
confounding factors. A hs-CRP level greater than 0.69 mg/L could
be the marker of worsening psoriasis. The keratinocytes in psoriasis
lesions secrete tumour necrosis factor-a and interleukin-1, which
can stimulate hepatocytes to produce hs-CRP. Furthermore, hs-CRP
level can predict cardiovascular risk, including cerebrovascular and
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peripheral arterial disease (hs-CRP less than 1 mg/L as a low risk,
1-3 mg/L as intermediate risk, and more than 3 mg/L as high risk for
cardiovascular event). Although hs-CRP is not a specific marker and
additional work will be imperative to validate this marker, it shows the
inflammatory burden of psoriasis and could be a potential marker that
can be used for grading psoriasis severity with great cost-effectiveness.

When assessing coronary artery disease and generalized
atherosclerosis, CIMT is a good indicator of an increased risk of
subclinical atherosclerosis. Fetuin-A is a serum glycoprotein that is
synthesized mainly by hepatocytes, increases insulin resistance and
dyslipidaemia and reduces ectopic calcification in vascular disease.
There are reports on fetuin-A interacting with transforming growth
factor (TGF)-p and epidermal growth factor (EGF), which play an
important role in the pathogenesis of psoriasis [76].

Ix et al. [77] reported that lower fetuin-A levels initiate calcium
deposition within the vasculature but not atherosclerosis directly, and
that they are independently associated with greater coronary artery
calcification severity but not peripheral arterial disease. They observed
a correlation between serum fetuin-A levels and fasting glucose, as
well as between fetuin-A and LDL cholesterol, so it is recommended
that physicians should measure CIMT rather than the less appropriate
serum fetuin-A values when assessing the cardiovascular disease risk
of patients with psoriasis.

Serum adipokines have been considered in the pathogenesis
of the psoriasis and have been demonstrated to be associated with
insulin resistance. Adiponectin, resistin, and leptin have possible
antiatherogenic and anti-inflammatory properties by regulating
energy homeostasis and increasing insulin secretion and sensitivity.
Hyperleptinemia has contributed to cardiovascular risk in patients
with the metabolic syndrome; adiponectin and leptin are predictors of
microvascular complications in patients with type 1DM [17].

A study by Yazici et al. [78] included 65 patients with type 1 DM.
Leptin levels were reported to be decreased in adult patients with type
1 DM without association with CIMT. Resistin levels were decreased
in adult patients with type 1 DM and increased in patients with type
2 DM with CAD and was correlated positively with CIMT; increased
resistin levels in patients with type 1 DM seem to be suggestive
of subclinical atherosclerosis. Leptin was associated with CIMT
in patients with type 2 DM. Thus, after adjusting for other known
predictors, only resistin was associated with subclinical atherosclerosis
in this group of patients. Ataseven et al. [79] suggest that vaspin and
VAP-1 may play a role in the pathogenesis of psoriasis and can be used
as markers of the disease. Therefore, vaspin levels can be used as a
marker of the severity of the disease.

Diagnostic Biomarkers

A strong expression of chemerin was observed by Nakajima et al.
[79] in pre-psoriatic skin adjacent to active lesions and early lesions
in the dermis. They also observed the presence of CD15* neutrophils
and CD123*/BDCA-2*/ChemR23* pDC. In skin from chronic
plaques, chemerin expression was lower. Additionally, the segregation
of neutrophils in epidermal microabscesses and a few plasmatoid
dendritic cells (pDCs) in the dermis were observed [80].
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Chemerin stimulates the chemotaxis of pDCs and neutrophils,
and high systemic chemerin level was found as an independent
marker of the metabolic syndrome. Recently, Albane si et al
[81] reported a strong expression of chemerin together with increased
numbers of pDCs and neutrophils in the dermis of early psoriasis
lesions.

Furue et al. [82] reported that condition which have been
proposed include shared genetic factors, common inflammatory
pathways, secretion of adipokines, insulin resistance, altered
lipoprotein composition and function, angiogenesis, oxidative
stress, microparticles, and hypercoagulability; CRP, Thl, and Th17
lymphocytes, resistin and leptin has been found to be elevated, with
decreased serum levels of adiponectin. Psoriasis may induce systemic
inflammation leading to insulin resistance, endothelial dysfunction,
and the development of atherosclerosis and cardiovascular
comorbidities in the psoriatic march.

Identification of serum biomarkers (CRP, soluble CD40 ligand,
human matrix Gla protein and fetuin-A, serum YKL-40, GlycA, and
complement C3) of systemic inflammation is important for assessing
cardiovascular risk; adequate treatment for psoriasis may decrease
the risk of cardiovascular comorbidities as a result of suppression of
systemic inflammation [12].

A group of 74 patients with psoriasis and 65 healthy controls
were studied by Vachatova et al. [83]. Individuals with insulin
resistance, diabetes, and cardiovascular disease were included in the
psoriasis group. None of them had treatments that could influence
inflammatory reaction. Patients with psoriatic arthritis were excluded.
The patients with psoriasis presented with higher diastolic blood
pressure, MS, BMI, and hip circumference compared to the controls.
Patients with psoriasis had higher levels of leptin, resistin, and
lipoprotein-associated phospholipase A2 (Lp-PLA2) than controls.
Among individuals with MS, those in the psoriatic patients group
had higher CRP levels of leptin, resistin, and Lp-PLA2 than those of
CG. Patients with psoriasis and MS had higher levels of leptin and
Lp-PLA2 and lower levels of adiponectin than patients with psoriasis
without MS.

The combination of psoriasis and MS increases the expression of
inflammatory and anti-inflammatory cytokines and increases the risk
of cardiovascular disease. Likewise, adipokines (leptin, adiponectin,
and resistin) are involved in the pathogenesis of psoriasis and MS,
and the levels of Lp-PLA2 indicate the presence of subclinical
atherosclerosis and cardiovascular risk in patients with psoriasis.

Kiluk et al. [84] found that Lp-PLA2 is associated with an
increased incidence of cardiovascular events but only a few studies
have associated it with psoriasis.

Metabolomics may potentially explain the mechanisms of various
diseases, facilitate early diagnosis, and identify possible therapeutic

areas.

Wang et al. [85] presented a utility (mmPredict) to determine
metabolomic biomarkers, which is complemented by current
studies of metabolomic profiles that are based on patient data. This
utility reveals the metabolites of psoriasis based on both genetic and
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phenotypic relevance (genome-phenome). It was shown in the study
that mmPredict is more effective in identifying clinically relevant
biomarkers in psoriasis than the genome-based approach. They are
improving mmPredict to incorporate other types of data such as the
phenotype of drugs and high-level diseases observed in humans.

Another study, conducted by Coimbra et al. [86], showed that
inflammatory cytokines were involved in the pathogenesis of psoriasis
such as IL-22, IL-17, IL-23, IL- 8, TNF-qa, and endothelial growth
factor.

Ellulu et al. and Rodriquez-Cerdeira et al. [87, 88] reported that
reduced levels of adiponectin are associated with insulin resistance
and several adverse vascular events and are inversely correlated with
serum CRP in obese patients with diabetes and those with coronary
artery disease. Risk factors for cardiovascular disease (obesity, insulin
resistance, and dyslipidaemia) are associated with decreased levels
of adiponectin and high levels of leptin. Elevated levels of leptin in
patients with psoriasis are associated with overweight and obesity, but
not with the severity of psoriasis.

Excess fatty tissue, due to obesity associated with psoriasis,
contributes to atherogenic dyslipidaemia, and several studies have
associated atherogenic dyslipidaemia with increased blood levels of
total cholesterol, triglycerides, LDL, and apolipoprotein A, and low
levels of HDL and apolipoprotein B in patients with psoriasis.

In a study by Asha et al. [89], ox LDL is considered a marker
of hyperlipidaemia and atherosclerosis. A few studies have shown
increased levels of oxLDL in patients with psoriasis, which was
consistent with the BMI. oxLDL/LDL ratio a better predictor for
atherosclerotic risk as compared to LDL

Advanced oxidation protein products (AOPPs) and adipokines
are also involved in the pathogenesis of endothelial dysfunction and
atherosclerosis.

In other study conducted by Haberka et al. [90], patients with
non-severe psoriasis had significantly increased impaired endothelial
function and CIMT, and significantly increased serum levels of AOPPs
and visfatin. Increased oxidative stress and serum visfatin levels
are associated with a chronic inflammatory state; increased AOPP
levels are associated with endothelial dysfunction (FMD), vascular
remodelling CIMT, and increased serum visfatin levels, suggesting
that increased oxidative stress is the main pathomechanism involved
in cardiometabolic complications found in non-severe psoriasis.

In patients with psoriasis with a risk allele of FTO gene
1s9939609, Tupikowska-Marzec et al. [91] suggested that they have an
increased risk for more severe psoriasis and obesity, and may develop
obesity-induced insulin resistance and therefore, CV risk.

As Barrera et al. [92] Vit D ot only to reduce its clinical severity,
but also for delineating the risk profile for co-morbidities cardiac risk
factors that may result from psoriasis [93].

Recently, a study in women conducted by Hruska et al. [94]
showed a strong relationship between single nucleotide polymorphism
(SNP) rs4597342 within the3’untranslated region (3’UTR) of integrin
alpha M (ITGAM) with psoriasis susceptibility and severity. The
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associated risk was observed specifically for allele T of rs4597342,
which introduces a binding site for miR-21 that is upregulated during
psoriasis [94]. These markers are also linked to IgA nephropathy
[95] and type 1 diabetes [96], which could be interesting diagnostic
markers for CVD

Treatment Biomarkers

Reviewing the literature, we observed that patients with psoriasis
receive suboptimal and disconnected attention and it leads to a
decrease in the quality of life. As proposed by Gulliver et al. [97],
the concept of treat-to-target, which has already been adopted for
other conditions such as diabetes and dyslipidaemia, would be very
beneficial for patients with psoriasis.

Treatment regimens should be individualized according to the
risk factors of the patient, especially those with cardiovascular risk.
The use of effective treatments is very important to help improve
patient outcomes.

According to Caiazzo et al. [98], the introduction of biological
therapy has greatly improved our therapeutic expectations and long-
term control of the disease, and there is epidemiological evidence that
it can also improve cardiovascular risk, as in patients with rheumatoid
arthritis. However, some adverse effects of treatment with agents
that block TNF-a have been described in patients with advanced
congestive heart failure. Thus, special caution is required when these
drugs are used in these patients.

Interleukins have recently been introduced or are under study for
the treatment of psoriasis. Krueger etal. [98] reported that ustekinumab
and briakinumab (ABT-874) are human monoclonal antibodies that
target the p40 subunit common to both IL-12 and IL-23. Ustekinumab
and other IL-12/23 inhibitors can increase the risk of cardiovascular
adverse events, including st roke, MI, and cardiovascular death [99].
The main inflammatory cytokines involved in CV are summarized in
Table 1 [88, 100-109).

In a study by Papp et al. [110] and Spuls et al. [111] with anti-
interleukin-17-receptor antibody treatment, they concluded that
patients with plaque psoriasis significantly improved. These were
especially effective in hard-to-treat areas such as the scalp and nails;
significant differences were observed with placebo with ixekizumab
treatment. There was no evidence of cardiovascular risk in the treated
patients. A more recent study by Lockshin et al. [112] was also not
conclusive in terms of CV risk assessment.

The participation of nails also as Ventura et al. [113], it correlates
positively with the early onset of psoriasis in the populations of Europe
and America, which would be a marker of initiation of treatment as
soon as possible.

Shih et al. [114] reported that the treatment of psoriasis with
anti-inflammatory biological therapy reduces levels of oxHDL
together with a decrease in non-calcified plaque in one year, so they
suggested that serum levels of OML could be useful as early markers
in atherosclerosis. These were measured with coronary computed
angiography, which allows the quantification and characterization
of the non-calcified plaque in the coronary arteries. It will be very
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important to investigate the factors for the oxLDL induction of LOX-
1 in psoriasis. LOX-1 receptor expression could be another novel
treatment option for psoriasis and represents a very interesting and
promising strategy.

Table 1. Involvement of inflammatory cytokines in cardiovascular risk

Obesity IL-17A expression is upregulated in obesity [88].

Cytokines such as TNF-a and IL-6 are responsible for the
pro-inflammatory state of obesity [100].

Adipose tissue of individuals with obesity leads to the
development of Th17 cells [88].

Diabetes 1L-8, IL-17, IL-18 and IL-6 levels are increased in diabetes,
leading to insulin resistance. Increased levels of IL-6 and
IL-1p also lead to insulin resistance [101].

TNF-o induces insulin resistance by reducing the tyrosine
kinase activity of the insulin receptor [102, 103].

Atherosclerosis Cytokine products of Th1 cells such as TNF-a lead to
endothelial dysfunction and consequently cause T-cell
movement to atherosclerotic plaques. IL-17 contributes
to vascular and systemic inflammation in experimental

atherosclerosis in murine models [104].

Modulating the Th-17/IL-17 pathway might play a key role
in the progression of coronary atherosclerosis [105].

Heart failure Increased serum/plasma levels of TNF-a and IL-6 promote

metabolic syndrome [106].

TNF-a levels show a linear relationship with prognosis
[107].

Congestive heart failure is inversely associated with IL-6
levels [108].

Non-alcoholic TNF-a exacerbates hepatic insulin resistance, resulting in
fatty liver increased free fatty acid synthesis and decreased free fatty
disease acid oxidations, thereby promoting hepatic steatosis. Thus,
the relationship between non-alcoholic fatty liver disease and
diabetes mellitus type 2 is complex and bidirectional [109].

In the vascular wall, oxLDL, cholesterol, and nicotine have the
ability to induce IL-23 secretion by DCs. Abbas et al. [115] and Di
Cesare et al. [116] reported a considerable associated between oxLDL
and IL-23. In dyslipidaemia, oxLDL binding to LOX-1 could induce
endothelial dysfunction, macrophage foam cell formation, and
smooth muscle cell migration and proliferation. Additionally, the
relationships among the oxLDL receptor, IL-23, and LOX-1 still need
to be studied.

Glycoprotein acetylation (GlycA) is a recent biomarker for
systemic inflammation that can predict CV events, risk of serious
infection, or type 2 diabetes [117]. In addition, it has shown good
results in the assessment of the pathology or in the response to
treatments. To assess its use as a biomarker in psoriasis, a study by
Joshi et al. [118] included patients with mild to moderate psoriasis
and control patients, for a total of 412 participants. They observed that
there is a correlation between GlycA and high sensitivity C-reactive
protein (hsPCR) in patients with psoriasis. In addition, there is also
a correlation between GlycA and the severity of psoriasis. There are
other risk factors that correlate with GlycA in psoriasis, such as BMI,
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waist-hip ratio, metabolic syndrome, HDL cholesterol, and LDL
cholesterol. GlycA is associated with vascular inflammation (LV) and
coronary artery disease (CAD). However, CAD is not associated with
hsPCR in patients with psoriasis, but in controls. This indicates that
GlycA is associated with cardiovascular disease (CVD) independently
of traditional risk factors. After treatment with anti-TNF therapy in a
group of 16 patients with psoriasis, GlycA levels were observed to have
decreased, compared with baseline; however, this decrease was not the
same as that of hsPCR levels which was statistically non-significant. In
the treated patients, aortic VI also decreased.

Each of the patients studied by Montaudié et al. [119] had a
comorbidity,and 45% had two or more. When treatment with biological
agents (infliximab, adalimumab, etanercept and ustekinumab) was
used, a statistically significant decrease was observed only for the
inflammatory parameters (CRP, P = 0.004) and the erythrocyte
sedimentation rate (ESR, P = 0.002).

In a study by Jiang et al. [120], adipokine imbalance was
associated with chronic inflammatory state and insulin resistance.
Psoriasis seems to be an independent risk factor of CV complications.
Biological therapy including efalizumab and alefacept, primarily
disrupt the activation and migration of T cells, whereas agents like
infliximab, etanercept, and adalimumab target TNF-a. Recently,
agents, which target the p40 subunit shared by both IL-12 and IL-23,
have been developed, as well as new anti-IL-17 agents and anti-IL-
23p19 agents, was found to improve endothelial function and reduce
carotid vascular remodelling [121, 122].

Several authors, such as Spah et al. [123] have demonstrated
that antirheumatic drugs, such as methotrexate, reduce the risk of
cardiovascular disease in patients with psoriasis. Other biological
therapies used in the treatment of psoriasis such as etanercept,
infliximab, and adalimumab, could have a beneficial effect on
cardiovascular function in addition to reducing the levels of systemic
markers of inflammation, such as ESR and CRP. [124]. Other authors
as Ridker et al. ( CIRT study) no benefit founded with low-dose of
methotrexate for prevention the atherosclerotic events or CVD [125]

However, new therapeutic targets are controversial, since recent
studies on anti-IL12/23 and anti-IL17 suggested that they could
increase CVD risk in psoriatic patients. Rungapiromnan et al. [126]
compiled data from the Cochrane Library, MEDLINE, Embase,
US. Food and Drug Administration, European Medicines Agency,
pharmaceutical companies, and five clinical trial registers. They found
that there were no adverse effects during the short, randomized, and
controlled clinical trials

Finally, a study conducted by Lee et al. [127] with
60,028 patients with psoriasis were included and treated with
Ustekinumab (Us) vs TNF Inhibitor (TNFi). No substantially
different risk of incident of atrial fibrillation and major adverse
cardiovascular events after initiation of Us vs TNFi was observed in
this study

The main biomarkers of inflammation involved on diagnose,
prognosis and treatment in patients with psoriasis and cardiovascular
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risk factors, are collated in Table 2 [12, 17, 49, 57, 64, 65, 67-84, 86-91,
92-94, 99, 114-120].

Conclusions

The association between psoriasis and cardiovascular risk factors
has been recently demonstrated by several groups, especially in young
patients with severe forms of psoriasis. This association implies that
psoriasis should not be exclusively considered as a cutaneous or joint
disease, but rather as a chronic inflammatory disease with systemic
involvement. Thus, in addition to specifically treating cutaneous
symptoms in patients with psoriasis, managing classic risk factors
involved in atherogenesis is paramount.

PCPs are in an important position to detect and respond to
early indicators of CVD risk and comorbidities in their patients,
they working collaboratively with dermatology health professionals
and other specialists, PCPs can facilitate communication about the
patient’s treatment preferences and personalized for each patient to
optimize treatment in each case. Moreover, as mechanisms involved
in psoriasis and CVD are further elucidated, future therapeutic
strategies may involve inhibition of pro-inflammatory cytokines that
are involved in both diseases.

Since psoriasis carries a risk of developing CVD that is probably
due to systemic inflammation, there is a need for new prognostic,
diagnostic, and treatment biomarkers. The purpose of these biomarkers
is to improve diagnosis for intervention by reducing inflammation,
which could reduce or eliminate CVD risk in psoriatic patients.

These biomarkers should be used particularly in primary care
to detect and filter patients with psoriasis that have elevated risk of
developing CVD.

Therefore, these biomarkers allow for rapid detection of high-risk
psoriasis patients for myocardial infarction and heart failure to avoid
complications. Since detection of these biomarkers is highly sensitive
and specific, it should be routinely implemented in healthcare systems
around the world.
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Abbrevations

CV: Cardiovascular

CRP: C-reactive protein

IFN: Interferon

IL: Interleukin

LL37: Cathelicidin

PMN: Polymorphonuclear neutrophil
S-100: S-100 proteins

Th: T-helper cells
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Table 2. Biomarkers of inflammation in patients with psoriasis and cardiovascular risk factors

TYPE BIOMARKERS REFERENCES
PROGNOSIS HLA antigens (A30, B50, Cw6 and DR7.20) [64]
Metabolic Syndrome [83]
Oxidation lipid mediators (OxLp(a), OxHDL, OXLDL) [57]
Monocytes (CD14+, CD16+) // Monocytes (CD14++, CD162) [67]
Fluorodeoxyglucose (FDG) [49]
S100A8/A9 [49]
Downregulation of CD16 and CD62L [49]
Microparticles present in the atherosclerotic plaque breakdown [68]
Homocysteine [69, 70]
Tetrahydrofolate reductase (MTHFR) [71]
Cytokines (CRP, IL-6, IL-10) [65 72, 75]
AmygA [73, 74]
Fetuin-A // Carotid intima-media thickness (CIMT) [76, 77]
Adiponectin, resistin, leptin, vaspin [17,78,79]
DIAGNOSIS Chemerin [80, 81]
CD15+ neutrofils [80]
CD123+/BDCA-2+/ChemR23+ plasmatoid dendritic cells [80]
CRP [12, 82, 83]
Soluble CD40 ligand [12]
Fetuin-A // Carotid intima-media thickness (CIMT) [12,90]
YKL-40 [12]
GlycA [12]
Complement C3 [12]
Human matrix Gla protein [12]
Adiponectin, resistin, leptin [82, 83, 87, 88]
Lymphocytes (Th1, Th17) [82]
Lp-PLA2 [83, 84]
Cytokines (IL-22, IL-17, IL-23, IL- 8, TNF-a, EGF) [86]
oxLDL/LDL ratio [89]
Advanced oxidation protein products (AOPPs) [90]
Visfatin [90]
FTO allele (rs9939609) [91]
Vitamin D [92, 93]
The major allele T of rs4597342 -ITGAM (only female) [94]
TREATMENT Interlekines (IL-12, IL-23, IL-17) [99,110, 111, 115,
116]
Oxidation lipid mediators (OxHDL, OXLDL) [114, 115, 116]
LOX-1 [114, 115, 116]
GlycA [117]
CRP [118]
Carotid intima-media thickness (CIMT) [119]
ESR, CRP [120]
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TGEF-p: Transforming growth factor-beta

Tn: Naive T lymphocyte

TNF: Tumor necrosis factor

CCL: CC chemokine ligands

CXCL: Chemokine (C-X-C motif) ligand
B-DEF: B-defensins

KC: Keratinocyte

mDC: Myeloid dendritic cell

pDC: plasmacytoid Dendritic Cells

LCN2: Antimicrobial peptide
NKT: Natural killer T cell

TSLP: Thymic stromal lymphopoietin
NO: Nitric oxide
pDC: Plasmacytoid dendritic cell

TSLP: Thymic stromal lymphopoietin
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