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Abstract
Psoriasis is a chronic inflammatory immune-mediated skin diseases, frequently associated to systemic comorbidities. According to recent data, patients with psoriasis show a greater prevalence of metabolic syndrome, which confers a higher cardiovascular risk factors. The link between these pathological conditions appears to be a chronic low-grade inflammatory status. The aim of this review is to focus on the multiple epidemiological and physio-pathogenetic aspects linking non-alcoholic fatty liver disease psoriasis, and cardiovascular disease.
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Core tip: The review focuses on the multiple physio-pathogenetic aspects of the possible link between psoriasis, non-alcoholic fatty liver disease, and cardiovascular disease emphasizing the recent scientific data. The multidisciplinary approach to psoriatic patients appears mandatory to treat concomitant psoriasis-related comorbidity evaluating the risk/benefit of both biologic and non-biologic therapies.
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INTRODUCTION
Psoriasis is a chronic inflammatory relapsing disease affecting 1%-4% of the general population[1].
Despite psoriasis is a skin disorder clinically characterized by red scaly plaques, it is no more limited to the skin surface but it has been identified as a complex clinical entity with a systemic involvement. Many comorbidities have been associated to psoriatic disease, as psoriatic arthritis (PsA), metabolic syndrome (MetS), cardiovascular disease (CVD), non-alcoholic fatty liver disease (NAFLD), inflammatory bowel disease, uveitis, depression and malignancy[2-5]. 
An higher prevalence of cardiovascular risk factors, as dyslipidemia and obesity, have been reported in psoriatic patients[4,6]. 
NAFLD is one of the most frequent cause of chronic liver disease with a prevalence of 10%-25% in general population[7]. 
NAFLD is now considered the hepatic manifestation of the MetS and a prospective cohort study have evidenced that MetS and its components may independently predict the risk of NAFLD[8,9]. 
NAFLD itself represents a further independent cardiovascular risk factor for atherosclerosis which is likely linked to arterial stiffness[10,11]. 
The aim of the present review is to focus on the association of psoriasis, NAFLD and CVD focusing on epidemiologic data and the underlying common pathogenic process. 

NAFLD AND PSORIASIS
The prevalence of the MetS has been estimated about 15%-25% in general population, appearing significantly higher and approximately increasing of about 3-fold in psoriatic patients, as documented by many case-controls study[12-16]. 
The association between psoriasis and MetS is directly correlated to the severity of psoriasis resulting independent from the presence of obesity in psoriatics[17-19].
NAFLD is defined as a spectrum of hepatic pathologies ranging from fatty liver disease (steatosis) to steatohepatitis (NASH) with the risk of evolution in cirrhosis and hepatocellular carcinoma[20].
As MetS, NAFLD is more prevalent in psoriatic patients than in general population. Roberts et al[21] enrolled a cohort of 103 psoriatic patients emphasizing that NAFLD affected about 47% of patients and one of five of them showed NASH. 
[bookmark: _GoBack]A large prospective population-based cohort study had been conducted by Van der Voort et al[22] in patients older than 55 years. Among 2292 participants, 5.1% of the population study was affected by psoriasis with a prevalence of NAFLD of about 46.2% in psoriatic patients vs 33.3% in subjects without psoriasis. 
Furthermore, a recent meta-analysis have documented that patients with PsA and patients with moderate to severe psoriasis showed a significantly greater risk of NAFLD compared with those with mild psoriasis[23].
AST/ALT ratio is considered an independent predictive factor for liver fibrosis in patients with NAFLD: Significantly higher AST/ALT ratio and higher non-invasive fibrosis scores have been detected in patients with both psoriasis and NAFLD compared to controls with only NAFLD[24]. 

CARDIOVASCULAR RISK FACTORS AND PSORIASIS
MetS confers an increased risk of cardiovascular events and mortality due to CVDs[25,26]. Psoriatic patients show a higher prevalence of cardiovascular risk factors which are shared by NAFLD and CVD, thus representing the trade union between these pathologies. Obesity represents a great burden in global individual’s health significantly increasing morbidity and mortality[27]. 
Data from large cohort studies have shown that among 163517 enrolled individuals, 17% were obese (11465 men and 16612 women).Thus, obesity represents a great public health problem reaching worrying proportions both in pediatric and adult population[27]. 
As demonstrated by recent observational studies, psoriatic population may have a higher risk of over-weight and obesity with the consequent higher risk of MetS’ components[28]. 
Danielsen et al[29] have conducted a recent population-based study confirming an increased prevalence of Mets in patients affected by psoriasis compared to controls. Interestingly, a different trend was emphasized between genders: a 3.8-times higher odds of MetS were found in young women (30 years) with an odds ratio reduction with increasing age. Conversely, men showed a 1.35-times higher odds ratio of Mets, independently from age. 
Moreover, a direct correlation between severity of psoriasis and obesity has been evidenced in a recent meta-analysis: A 1.46 odds ratio was found in mild psoriasis and a 2.23 odds ratio in severe psoriasis[22,30]. 
Dyslipidemia is a further risk factor which is shared by NAFLD, psoriasis and CVD. Observational studies have detected a lipid metabolism alteration in psoriatic patients contributing to a dyslipidemic profile and conferring a significant cardiovascular risk[31]. 
Psoriatic children present high total cholesterol plasma levels and high percentage content of total cholesterol and of the cholesterol/protein ratio in LDL and in HDL[32]. 
Moreover, an increased odds of hypertriglyceridemia, significantly reduced levels of HDL cholesterol (< 40 mg/dL), hyperlipoproteinemia and hypercholesterolemia have been identified in psoriatic populations[31,33,34]. 
As for obesity, a positive correlation was found between dyslipidemia and severity of psoriasis with an increased odds of 1.10-3.38 in mild psoriasis and 1.36-5.55 in severe psoriasis[35,36].
The dyslipidemic profile appears extremely relevant: in fact, it is known that hypercholesterolemia can lead to atherosclerosis and coronary heart disease. In animal models, adipocytes’ differentiation and maturation can be altered by cholesterol accumulation in pre-adypocites leading to adipocyte hypertrophy and adipose tissue inflammation. In humans, it has been demonstrated that hypercholesterolemia leads to an unbalance in the pro- and anti-inflammatory adipocytokines’ production by adipose tissue[37]. 

CVDS AND PSORIASIS
CVDs include atherosclerosis, hypertension, ischemic heart disease, myocardial infarction, stroke and arrhythmias[4]. 
An increased incidence of cardiovascular risk factors and major cardiovascular events has been found in psoriasis[4,5,15]. 
Mehta et al[38] performed a cohort study on patients affected by severe psoriasis evidencing a further 6.2% absolute risk of a 10-year rate major cardiovascular events and suggesting the possible role of severity of the disease in the pathogenesis of CVD. 
In particular, a 6-year reduction in life expectancy has been evidenced in patients with severe psoriasis[39]. 
Although the role of the extension on psoriasis-involved body sites has not been completely elucidated, study populations showed that a wide skin involvement and the presence of inter-gluteal lesions may represent independent predictor factors of CVD in psoriatics[40]. 
A prospective, population-based cohort study had been conducted by Gelfand et al[41] in 2006 evaluating the risk of myocardial infarction (MI) in psoriatic patients. The authors found that psoriatics had a higher incidence of MI which resulted positively correlated with disease severity, resulting 4.04 per 1000 person-years (95%CI: 3.88-4.21) in mild psoriasis and 5.13 per 1000 person-years (95%CI: 4.22-6.17) in severe psoriasis. Moreover, the risk of MI was higher in young 30-year-old psoriatic patients persisting higher after adjustment for major risk factors for MI and suggesting that psoriasis itself confers an independent risk of MI. 
This aspect was also confirmed by Brauchhli et al[42], who found the highest incidence rate ratio of MI in psoriatic patients ranging 30-39 years with severe skin disease. 
The concomitant presence of PsA seems to lead to an increased risk of non-fatal MI: A risk up to 10% of CVD disease within 10 years of PsA incidence has been identified in most of newly diagnosed PsA patients[43,44].
A retrospective study has shown that the concomitant presence of arterial hypertension (AH) and diabetes mellitus (DM) enhances the risk of CVD in PsA patients. The prevalence of AH and DM resulted significantly greater in PsA patients who have had CVD compared to those without CVD: The prevalence of AH was 95% vs 45% respectively and the prevalence of DM was 60% vs 19% respectively. These aspects have important repercussions on early recognition and targeted treatment of comorbidities in psoriatic patients in order to reduce morbidity and mortality[45]. 
An association between psoriasis and atherosclerotic disease has been recognized.  A cross-sectional study conducted by Yiu et al[46] had evaluated the prevalence and the extent of coronary and carotid atherosclerosis in 70 psoriatic patients compared to age- and gender-matched healthy controls. Psoriatic patients showed a 10-fold increased risk of subclinical coronary atherosclerosis and a premature diffuse coronary and carotid atherosclerosis.
The subclinical vascular atherosclerosis in psoriasis has been also studied by Balci et al[47] on 43 psoriatic patients without cardiovascular risk factors and 43 healthy controls matched for sex and age. Significantly higher mean intima-media thickness values of the right, left and averaged common carotid arteries had been detected in psoriatics than in controls (0.607 ± 0.144 mm vs 0.532 ± 0.101 mm, 0.611 ± 0.157 mm vs 0.521 ± 0.117 mm, and 0.609 ± 0.146 mm vs 0.526 ± 0.104 mm, respectively). Conversely, the mean flow-mediated dilatation and nitroglycerin-induced dilatation values resulted significantly lower in patients with psoriasis than in controls (13.36 ± 6.39 mm vs 19.60 ± 11.23 mm and 21.08 ± 8.38 mm vs 26.85 ± 12.38 mm; P = 0.002 and P = 0.013, respectively). 
It is well documented that calcium exerts an important role in atherosclerosis being an important index of subclinical atherosclerosis and greatly impacting on the atherosclerotic plaque burden[48]. 
A recent case-control study had been conducted on 40 patients with psoriasis and 42 controls matched for age, sex, and cardiovascular risk profile in order to examine the prevalence of coronary calcification. The same prevalence of calcified and non-calcified atherosclerotic coronary lesions had been evidenced in both groups[49]. Conversely, emerging data show that patients with psoriasis have higher coronary calcium score (CAC), which was directly correlated to psoriasis severity[50]. 
A cross-sectional study had been conducted on Mediterranean population aiming to determine the prevalence of ischemic CAD in patients with psoriasis establishing a significant independent association between psoriasis and CAD[51]. 
The coronary microvascular function has been evaluated in psoriatic patients by echocardiographic examination to emphasize the coronary flow reserve (CFR). A coronary impairment had been shown with a reduction in CFR and with a positive inverse correlation between CFR and PASI score, disease duration and C-reactive protein[52]. 
Interestingly, it has been recently documented that psoriasis and coronary artery disease share similarities in coronary function and myocardial deformation with a subclinical left ventricular deformation. This aspect may contribute to vascular dysfunction in psoriatic patients increasing the risk of coronary artery disease[53]. 
The early detection of specific inflammatory biomarkers implicated in CVDs and in subclinical atherosclerosis remains a fundamental item to promptly identify the cardiovascular risk in this population[54].
New data have emerged from literature study on this topic. In particular, N-terminal pro B-type natriuretic peptide (NT-proBNP) is a molecule secreted by the ventricular myocardium in response to increased ventricular stretch and it plays an important role as predictor of cardiovascular mortality, of negative outcome in stroke and of left ventricular systolic dysfunction[54]. 
Significantly higher serum levels of NT-proBNP resulted in 73 male psoriatic patients compared to controls with a direct correlation with disease duration[55]. 
These results appear relevant in the light of echocardiographic abnormalities found by Biyik et al[56], who showed left ventricle’s hypertrophy, diastolic dysfunction and wall motion alterations in patients affected by psoriasis. Moreover, a higher frequency of mitral and tricuspid valves’ prolapse had been diagnosed in psoriatics. 
Another useful biomarker is homocysteine which is considered an independent risk factor for CVD by promoting oxidative stress, lipoperoxidation and endothelial cell dysfunction. Moreover, hyperomocysteinemia is considered an independent risk factor for CVD conferring an elevated risk of atherosclerosis, stroke and peripheral occlusive vascular diseases[57]. 
Homocysteine plasma levels has been evaluated in psoriasis showing significantly higher levels  compared to healthy subjects, with a positive correlation with disease severity. No correlation had been found between homocysteine serum levels and disease duration or the presence of arthritis[57,58]. 
Furthermore, high homocysteine plasma levels and reduced folic acid plasma levels in psoriatic patients seem to be implicated in a pro-thrombotic state[59].
A new interesting biomarker of vascular damage had been recently studied in psoriatic patients, YKL-40. YKL-40 belongs to chitinase family and it has been detected in atherosclerotic plaque contributing to endothelial dysfunction (ED) and predicting early vascular damage in diseases with high cardiovascular risk.  Increased levels of YKL-40 has been found in inflammatory conditions, as rheumatoid arthritis, osteoarthritis and systemic lupus erythematosus and Crohn’s disease[60,61]. 
As concern psoriasis, a case-control study on 48 psoriatic patients has emphasized a statistically significant elevation of YKL-40 levels. These data had been confirmed by Erfan et al[60], who had also performed ultrasonography in order to identify ED. Psoriatic patients with ED showed higher YKL-40 serum levels than healthy controls without ED; moreover, psoriatic patients with concomitant cardiovascular risk factors, as smoking, obesity and diabetes,  showed higher YKL-40 levels that those without[62]. 
The higher cardiovascular risk in psoriasis appears also linked to the increased prevalence and incidence of hypertension. In fact, hypertension is a well-established risk factor for CVDs and cardiovascular mortality[63].  
The association between psoriasis and hypertension has been evaluated in a recent meta-analysis conducted by Armstrong et al[63], who documented a higher odd of hypertension of 1.58 times in psoriatics compared to general population. Moreover, hypertension and psoriasis severity were positively correlated with a hazard ratio (HR) of 1.17 in patients with severe psoriasis and HR of 1.07 in those with mild psoriasis. PsA patients showed an higher odds ratio of 2.07 compared to patients with only psoriasis. 
The increased detection of hypertension in psoriatic patients could explain the increased risk of atrial fibrillation in this population. Atrial fibrillation is one of the most frequent cardiac arrhythmia accounting in 0.4%-1% of general population and strictly linking to cardiovascular morbidity and mortality[64]. 
Emerging data have focused on the potential association between psoriasis and atrial fibrillation documenting that psoriasis may be independently associated with a higher risk of new onset atrial fibrillation[64]. 
A Danish nationwide cohort study evaluated 36765 mild psoriasis patients and 2793 severe psoriasis patients vs 4478926 controls: an increased risk of atrial fibrillation had been found in psoriatics with a direct correlation with skin disease severity. Furthermore, a strong association between atrial fibrillation and early onset psoriasis had emerged[65]. 
Conversely, Armstrong et al[66] had considered a cohort of 2078 psoriatic patients matched to 6234 healthy subjects and had evidenced no statistically significant  difference in  a 5-year atrial fibrillation incidence between the two groups (2.5% vs 3.3% respectively) and no association between incident atrial fibrillation and psoriasis severity. 

PSORIASIS, NAFLD AND CVD: A COMMON INFLAMMATORY PROCESS
Psoriasis, NAFLD and CVD are considered multifactorial and multi-steps diseases with not completely fully elucidated interactions between genetic, immunological and environmental factors[67,68]. 
Psoriasis is an immune-mediated disorder sustained and maintained by a Th1-Th17-Th22 cell immune response. The Th1-Th17-Th22 downstream pro-inflammatory cytokines contribute to create a cytokine milieu participating to a systemic chronic inflammation[69,70]. 
In fact, the low-grade chronic inflammatory process seems to represent the major component linking psoriasis to its comorbidities and leading to insulin resistance, to dysmetabolic profile and to ED and thus predisposing psoriatic patients to atherosclerosis and higher cardiovascular risk[2,4]. 
Both innate and adaptive immunity participate to physio-pathologic mechanism underlying psoriasis and atherosclerosis. Flammer et al[71] in 2012 have interestingly proposed the concept of “two plaques for one syndrome”. In fact, the development of both psoriatic and atherosclerotic plaque is strictly dependent from T cells, monocytes, macrophages and pro-inflammatory cytokines. It is know that a Th1 hyperactivity and the overexpression of Th1-related cytokines represent the basis for the ED being associated with atherosclerotic plaque instability and with an increased risk of athero-thrombotic events[71-74]. 
Most of inflammatory cytokines are produced by the adipose tissue[75,76] (Table 1). It is known that the adipose tissue is a real endocrine organ able to synthetize adipocytokines, bioactive molecules deeply involved in the inflammation and in the development of Mets and Mets’ components, as dyslipidemia and insulin resistance[75,76]. 
Among Th1 pro-inflammatory cytokines, TNF-alpha is considered one of the most representative cytokine in psoriasis: Elevated serum levels of TNF-alpha has been detected in psoriatics with a positive correlation with disease severity[77] (Table 1).
In psoriasis, TNF-alpha promotes keratinocyte proliferation, pro-inflammatory cytokines’ production, expression of vascular endothelial cell adhesion molecules and angiogenesis[78].
Although the role of TNF-alpha in the pathogenesis of atherosclerosis remains not completely elucidated, it seems to increase the LDL transcytosis across endothelial cells and to facilitate LDL retention in vascular walls[79] (Table 1).
Furthermore, TNF-alpha interferes with insulin metabolism reducing the auto-phosphorylation of tyrosine residues of insulin receptor and phosphorylation of insulin receptor substrate 1 (IRS-1) thus contributing to the first hit of NAFLD[80] (Table 1).
IL-1 is another important pro-inflammatory cytokine exerting both autocrine and paracrine effects on keratinocytes, lymphocytes and vascular endothelium. In particular, it stimulates the synthesis of inflammatory cardiovascular mediators as IL-6, fibrinogen, C-reactive protein, and increases the expression of adhesion molecules ICAM and VCAM-1 by dermal endothelial cell, leading to the skin recruitment of immune cells[81] (Table 1).
Human atherosclerotic plaques show elevated levels of IL-1β mRNA. This element could suggest that the synthesis of growth factors and other cytokines leading to local inflammatory cascades may be activated by locally synthesized IL-1 protein[82] (Table 1).
IL-1 also participates to pancreatic β-cells’ activity by stimulating the mitogen-activated protein kinases (MAPK) and extracellular signal-regulated kinase (ERK),  by affecting  the nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) and by activating the inducible nitric oxide synthase (iNOS)[83]. 
IL-6 is an inflammatory cytokine which amplifies inflammatory responses by synergizing with other pro-inflammatory cytokines, as TNF-alpha, IL-1 and IL-17.  IL-6 is responsible for dermal and epidermal cells’ growth and differentiation and for T cell migration into the epidermis[84] (Table 1).
Although the role of IL-6 is contradictory in NAFLD, recent data have evidenced that it may suppress hepatic cytokine signaling-3 leading to insulin resistance[85] (Table 1).
In addition to the above cytokines, adipose tissue produces leptin, adiponectin, resistin and visfatin, which are impaired in psoriasis and NAFLD and contribute to the ED [86].  
ED is considered an early manifestation of vascular alterations which precede the development of hypertension and atherosclerosis in obese[86]. 
In psoriasis, increased serum levels of leptin, resistin and visfatin and reduced serum levels of adiponectin have been detected[7]. 
Leptin is a pro-inflammatory adipocytokine which interacts with its specific receptor on endothelial cells leading to the activation of JAK-2/IRS-2/PI3-K/Akt pathways and nuclear translocation of STAT proteins (signal transducer and activator of transcription)[87]. 
Moreover, leptin is considered a pro-atherogenic factor by promoting vascular smooth muscle cells’ migration and proliferation and by stimulating the synthesis of TNF-alpha with the consequent amplification of inflammatory TNF-alpha related pathways. Recently, hyperleptinemia has been found as a possible risk factor for acute myocardial infarction[88,89] (Table 1).
Resistin seems to support atherosclerosis by favoring ED, vascular smooth muscle cell proliferation, arterial inflammation and foam cells formation. Resistin serum levels resulted higher in patients with acute myocardial infarction compared to patients with stable angina. As other pro-inflammatory adipocytokine, resistin may be involved in the pathogenesis of MetS in psoriatic patients, despite its role in NAFLD remains uncertain[90,91] (Table 1).
Adiponectin is an anti-inflammatory adipocytokine that increases nitric oxide production in endothelial cells by the activation of phosphotidylinositol-3 (PI-3) kinase/Akt signalling pathway.  The adiponectin serum level appears reduced  both in psoriasis and NAFLD  and it may be associated to the decreased endothelial production of NO, which is in turn considered a marker of ED [87,91] (Table 1).
Visfatin is pro-inflammatory adipocytokine contributing to insulin-resistance and to atherosclerotic plaque destabilization. Visfatin serum levels had been found higher in patients with ischemic cerebrovascular disease and myocardial infarction[92,93] (Table 1).
Th17 are implied in the pathogenesis of psoriasis and of other immune-mediated inflammatory diseases by modulating immune cell trafficking and initiating inflammation and cytokines’ production[94]. 
Th17 had been found overexpressed both in psoriatics’ serum and plaque with a positive correlation with disease severity: IL-17A levels resulted significantly higher in moderate-to severe psoriasis than in mild psoriasis[95,96] (Table 1).
Although the precise role of Th17 in atherosclerosis remains controversial, recent data have hypothesized a putative role in the atherosclerotic plaque vulnerability, which represents    the initial step to plaque rupture leading to vessel occlusion, myocardial infarction and stroke. In fact, an increased expression of IL-17A had been observed in human carotid artery plaques of symptomatic patients with stroke or transient ischemic attack[97] (Table 1).
In mice, Th17 and IL-17 may be implicated in the progression from steatosis to steatohepatitis[98] (Table 1).
Angiogenesis is a physio-pathologic process characterized by the new blood vessels’ formation from the pre-existing vasculature and appears important in inflammatory, autoimmune and neoplastic diseases. Therefore, angiogenesis may represent a further link between psoriasis and psoriasis-related comorbidities[99]. 
Vascular endothelial growth factor (VEGF) is the pivotal angiogenic factor participating to the regulation of metabolism, gene expression, cell proliferation, migration, and survival[100] (Table 1).
VEGF participates to psoriasis’ pathogenesis either in an autocrine manner by directly stimulating keratinocytes’ proliferation and in a paracrine manner by inducing angiogenesis and by providing the fundamental elements to support epidermal proliferation.  VEGF results upregulated in serum and lesional psoriatic skin with a correlation with disease severity[101] (Table 1).
As regards NAFLD, Coulon et al[102] tested the TNF-alpha, IL-6 and VEGF serum concentrations in an obese population with NAFLD emphasizing higher levels than controls thus indicating the role of pro-inflammatory and pro-angiogenic factors in this pathology. 
This aspect appears relevant: in fact, angiogenesis participates to the microvascular changes which are implicated in the hepatic disease progression from fibrosis to cirrhosis[103]. 
A further mechanism shared by psoriasis, NAFLD and CVD may be the oxidative stress. Oxidative stress results from a disequilibrium between the reduced antioxidant systems and abnormal excessive production of reactive oxygen species (ROS) or reactive nitrogen species (RNS). ROS are produced mainly by mytochondria and their production is regulated by the redox state of the respiratory chain[104,105]. 
The pathogenesis and the progression of psoriasis is strictly linked to the redox sensitive -cellular signaling pathways, as mitogen-activated protein kinase/activator protein 1 (MAPK/AP1), nuclear factor kappa B (NFkB), and Janus kinase-signal transducers (JAK) and transcription’s activators[106]. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Many studies have been conducted aiming the role of oxidative stress in psoriasis and have evidenced that psoriatics show an unbalance between biomarkers of oxidative stress and the antioxidant system. Ferretti et al[107] have shown an impairment of oxidant/antioxidant system: Significantly higher serum levels of lipoprotein a [Lp(a)] and  lipid hydroperoxides have been found in psoriatics compared to controls. Conversely, paraoxonase-1 (PON1), an anti-inflammatory and anti-oxidant enzyme, had resulted lower than healthy subjects. A positive correlation was found between serum levels of Lp(a), markers of lipid peroxidation and the severity of the disease whereas PON1 activity and Lp(a) were negatively correlated[107,108]. 
Emre et al[109] have investigated the relation between oxidative status and smoking in psoriasis demonstrating the increased serum levels of triglycerides and reduced levels of HDL cholesterol and arylesterase activity in smoker compared to non-smokers psoriatic patients. Therefore, smoking could be considered a risk factor in the progression of psoriasis severity by increasing oxidative stress and thus predisposing psoriatic patients to an higher risk of cardiovascular comorbidities. 
A reduction in total antioxidant capacity  and in antioxidant vitamins A and E  has been found by Rocha-Pereira et al[110], who had also confirmed a pro-atherogenic lipid profile in psoriatic patients with an increase of cholesterol, triglycerides, low density lipoprotein cholesterol (LDL),  very low density lipoprotein cholesterol (VLDL), apolipoprotein B (apo B), Lp(a) and lipoperoxidation products. These data tend to underline an increased cardiovascular risk in psoriatic patients, particularly in those with severe disease. 
It is known that oxidative stress participates to the second hit of the pathogenesis of NAFLD and it may be implicated in the NAFLD progression by interfering with normal cell division. In murine models, alterations of the polyploidization process was found in fatty liver with a large proportion of highly polyploid mononuclear cells, only rarely observed in normal hepatic parenchyma.  Moreover, in humans, alterations in hepatocyte ploidy has been documented in liver biopsies from patients with NASH[111]. 
Oxidative stress participates to the mild chronic vascular inflammation in CVD. In fact, oxygen metabolites are able to interfere with LDL metabolism promoting the formation of oxidized low-density lipoprotein (Ox-LDL), which plays a representative role in atherosclerotic plaque development and in endothelial damage favoring inflammatory vascular cell infiltration[112,113] (Figure 1).

EFFECTS OF TNF-ALPHA INHIBITORS AND CONVENTIONAL PSORIATIC THERAPIES ON NAFLD AND ON CARDIOVASCULAR RISK FACTORS
As seen above, the inflammatory process represents the mainstay linking the pathogenesis of psoriasis, of NAFLD and of CVD. Therefore, anti-inflammatory drugs may represent important therapeutic options in the treatment and prevention of these pathologies. Data on literature on the effect of both conventional and biological psoriatic therapies have shown discordant result on their possible action on NAFLD and cardiovascular risk factors[114]. 
Conventional treatments for moderate to severe psoriasis include cyclosporine A, methotrexate and retinoids. Although effective, their safety profile should be evaluated in their long-term use also considering psoriasis-related comorbidities[115]. 
In fact, it is well known that methotrexate can mediate liver toxicity and patients with liver dysfunction, as NAFLD/NASH patients, could present an impaired drug metabolism with consequent liver accumulation and an increased susceptibility to liver toxicity[116]. 
Methotrexate exerts opposite effects on cardiovascular risk in psoriatic patients. In 1989, Refsum et al[117] had investigated the effect of methotrexate 25 mg weekly on plasma homocysteine levels showing a significant and transient increase within 48 h after administration. 
Conversely, a lower risk of CVD had been found in psoriatic patient treated with MTX compared to patients without MTX[118]. 
Elevated serum levels of cholesterol and tryglicerides can occur during treatment with retinoids and cyclosporine, although no evidence of an increased cardiovascular risk has been stated with long-term used of etetrinate[118,119]. 
Moreover, as demonstrated in a prospective non-randomized study on patients affected by PsA, cyclosporine has been associated to a significant elevation of blood pressure values[119]. 
TNF-alpha inhibitors, IL12/23 inhibitors and IL-17 inhibitors represent three new classes of drugs used in moderate to severe psoriasis with a good efficacy and safety profile. Among biologics, TNF-alpha blockers’ metabolic effect are most widely studied[120,121]. 
A cross-sectional study had evaluated epicardial fat thickness (EAT), an emerging marker of cardiometabolic risk, on patients with rheumatoid arthritis (RA) treated with TNF-alpha inhibitors compared to RA patients treated with non-biological disease-modifying anti-rheumatic drugs (DMARDs). A significantly lower EAT thickness had been detected in patients treated with TNF-alpha inhibitors than those treated with DMARDs (8.56 ± 1.90mm and 9.71 ± 1.45 mm respectively)[122]. 
Jókai et al[123] had evaluated the positive effect of TNF-alpha inhibitors on carotid and brachial intima-media thickness in patients with psoriasis. 
Although dates are few, TNF-alpha blockers seem to act on lipid and glucose metabolism by exerting a potential action on cardiovascular risk factors. It has been evidenced an improvement of insulin-sensitivity in psoriatic patients treated with Etanercept and Infliximab[124,125]. 
Conversely, long-term use of TNF-alpha inhibitors in patients with rheumatoid arthritis seem not influence insulin resistance parameters[126].
As concern lipid profile, although no statistically significant, raised values of total cholesterol, LDL-C and triglycerides had been found after 24 wk of treatment with Etanercept in psoriatic patients[127]. 
Adipocytokines’ levels and fat distribution had been assessed in patients with RA and ankylosing spondilitis during long-term treatment with TNF-alpha blockers. A fat mass gain with a tendency to visceral fat accumulation, a reduction of resistin serum levels and no significant modification in leptin, total adiponectin and visfatin serum levels had been evidenced[128]. Another recent study had focused on the influence of TNF-alpha inhibitors on serum levels of adypocitokines showing a partial rebalancing between pro- and anti-inflammatory adypocitokines after 24 wk of anti-TNF-alpha treatment with a reduction of leptin, visfatin and resistin and a mild adiponectin increase[76]. 
As regards body weight, a body weight increment has been identified after six-months treatment with Etanercept compared to psoriatic patients in treatment with methotrexate[129]. 
These data had been confirmed by Campanati et al[24] who showed a waist-hip-ratio and a BMI increase during treatment with Etanercept. The authors documented a possible preventive effect of Etanercept on liver fibrosis, evidencing a significant reduction of AST/ALT ratio and an improvement of insulin-sensitivity parameters. These elements confirm the strong relation between the alteration of glucose metabolism and NAFLD[24].
Although further larger studies are needed to confirm these data, this hypothetic preventive role may be linked to TNF-alpha inhibitors’ anti-inflammatory properties and action on glucose homeostasis[24].  
The favorable effect of TNF-alpha blockers on the risk of MI has been identified in a retrospective study monitoring patients affected by only psoriasis, by only PsA and patients affected by both psoriasis and PsA. Patients with only psoriasis had a significant MI risk reduction (HR, 0.26; 95%CI: 0.12-0.56) whereas non-significant MI risk reduction had been detected in those with only PsA (HR, 0.86; 95%CI: 0.28-2.70) and in those with both psoriasis and PsA. The duration of TNF-alpha inhibitors’ treatment did not seem influence the risk of MI[130,131].

CONCLUSION
Psoriasis is a complex and already partially unknown disease whose skin manifestations represent only the edge of an iceberg, which is widely submerged and unknown. Psoriasis and psoriasis-related comorbidities significantly impact on patient’s health and quality of life and negatively interfere in physical-psychic well-being with important repercussion in working daily life. As a multi-organ pathology, psoriasis needs of a multidisciplinary approach and clinicians should evaluate this holistic vision in order to promptly identify and manage psoriasis-related comorbidities influencing patients’ morbidity and mortality. The underlying inflammatory process is the lait motif shared by psoriasis, NAFLD and CVD and overlaps both the common genetic predisposition and modifiable risk factors, as sedentary lifestyle, smoking and alcohol consumption. 
Therefore, the therapeutic strategy for psoriasis should be multifaceted and should specifically tailor outcome tools and disease-related items by a patient-based evaluation and by selectively verifying the risk/benefit of each single therapeutic option.
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Table 1 Role of inflammatory biomarkers in psoriasis, non-alcoholic fatty liver disease and cardiovascular diseases
	
	Psoriasis
	CVD
	NAFLD

	TNF-alpha 
	· Keratinocyte proliferation 
·  Pro-inflammatory cytokines’          production
· Expression of vascular endothelial cell adhesion molecules
· Angiogenesis 
	LDL transcytosis 

	IRS-1 phosphorylation 
Insulin-resistance
Hepatic fibrogenesis
 

	IL-1 
	 Keratinocyte proliferation 
· Pro-inflammatory cytokines’ production
· Expression of vascular endothelial cell adhesion molecules 
	· Synthesis of IL-6, fibrinogen, RCP
· Expression of adhesion molecules (ICAM, VCAM) 
	· Activation of  MAP and ERK pathways

	IL-6 
	· Pro-inflammatory cytokines (TNF-alpha, IL-1, IL-17) 
· Dermal and epidermal cells’ growth and differentiation 
· T cell migration into the epidermis 
	· Pro-inflammatory
cytokines’ production

	Insulin-resistance

Hepatic cytokine signaling-3

	Leptin 
	· Keratinocytes’ proliferation
· Promotes Th1 responses
· Angiogenesis
	· Vascular smooth muscle cells’ migration and proliferation 
· Synthesis of TNF-alpha 
	· Activation of JAK-2/IRS-2/PI3-K/Akt pathways 
· Leptin-resistance
· Hepatic fibrogenesis

	Adiponectin
	· Anti-inflammatory cytokines’ production
                          (Reduced levels in PsO)
	· Endothelial NO production 
· Endothelial disfunction
           (Reduced levels in CVD)
	 
· Insulin-sensitivity
            (Reduced levels in NAFLD)

	Resistin
	· Pro-inflammatory cytokines’ production
	· Arterial inflammation
· Vascular smooth muscle cell proliferation
· Endothelial dysfunction 
	· Insulin-resistance 
     (Controversial data on NAFLD)

	Visfatin
	
	
	· Protection toward liver injury (?)
          (not altered in the early stage)

	IL-17
	· Pro-inflammatory cytokines’ production
· Expression of vascular endothelial cell adhesion molecules
	· Atherosclerotic plaque vulnerability 
	Hepatic steatosis 
· Synthesis of pro-inflammatory cytokines

	VEGF
	· Keratinocytes’ proliferation
· Angiogenesis 
	
	· Microvascular changes implicated in the hepatic disease (fibrosis to cirrhosis) 


CVD: Cardiovascular disease; NAFLD: Non-alcoholic fatty liver disease; LDL: Low density lipoprotein; IRS-1: Insulin receptor substrate 1; MAPK: Mitogen-activated protein; ERK: Extracellular signal-regulated kinase; JAK: Janus kinase-signal transducers; VEGF: Vascular endothelial growth factor; IL: Interleukin; TNF: Tumor necrosis factor.
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Figure 1 Psoriasis, non-alcoholic fatty liver disease, cardiovascular diseases and cardiovascular risk factors: A unique inflammatory background. CVD: Cardiovascular disease; NAFLD: Non-alcoholic fatty liver disease; VEGF: Vascular endothelial growth factor; IL: Interleukin; TNF: Tumor necrosis factor.
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