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Psoriatic arthritis is a chronic inflammatory disease with skin and joint pathology as the dominant characteristics. Scientific evidence supports its systemic nature and relevant relationship with obesity, metabolic syndrome, and associated conditions. Metabolic syndrome and obesity share common signaling pathways with joint inflammation, reinforcing the idea that adipose tissue is a major contributor to disease development and severity. The adipose tissue is not a mere energy store but also an endocrine organ participating in the immune response. In the search for the best therapeutic strategy for a patient, we should appraise the adipose tissue as an endocrine and immune organ responsible for mild chronic inflammation. Today, our challenge is not only to achieve disease remission but to control the associated comorbidities as well. In light of the high prevalence of obesity in psoriatic arthritis patients and the importance of the adipose tissue in the development of chronic inflammation, we aimed to identify the most relevant articles in this regard published in English until June 2020 using the PubMed database. Search terms included psoriatic arthritis, in combination with metabolic syndrome, obesity, adipokines, cardiovascular disease, and treatment. This review summarizes the current evidence regarding the role of adipose tissue as an adipokine-secreting endocrine organ, discussing its influence on disease development and severity, and ultimately in meeting successful disease management.




Keywords: psoriatic arthritis, metabolic syndrome, cardiovascular risk, obesity, adipokines, pathophysiology, treatment



Introduction

Psoriasis is a chronic inflammatory disease mainly compromising skin with systemic involvement associated with various comorbidities (1). With 6% to 40% percent of psoriatic patients experiencing psoriatic arthritis (PsA) (2), it equally affects men and women, starting usually at the age of 40 (3). The first signs appear on the skin usually 10 years before arthritis is diagnosed (4, 5).

Rheumatoid factor and cyclic citrullinated anti-peptide are absent, so PsA is considered a seronegative arthritis. Five PsA phenotypes may be distinguished based on the articular compromise pattern: predominantly axial, symmetric polyarthritis, asymmetric oligoarthritis, predominantly distal interphalangeal damage, and mutilating arthritis (6, 7).

Two distinguishing features of the disease are inflammation at the tendon and ligament insertions in the bone or enthesitis, and dactylitis when inflammation affects one finger entirely, risking the tendon sheath (8, 9).

The diagnosis of PsA is mainly clinical, reckoning on the classification criteria for psoriatic arthritis (CASPAR) (10, 11) (CASPAR) (10, 11).

Besides synovitis, enthesitis, dactylitis, and spondylitis, PsA typically presents non-musculoskeletal manifestations as anterior uveitis and inflammatory bowel disease. Comorbidities like obesity, cardiovascular disease, metabolic syndrome (MetS), and its components (obesity, diabetes mellitus, hypertension, and dyslipidemia) are also more frequent than in the general population (12).

Although the etiopathogenesis of PsA is multifactorial and not entirely known, there is an interaction between genetic susceptibility factors, mainly human leukocyte antigens (HLA) B27, together with other HLA-B loci and the HLA-Cw * 0602 allele) and environmental triggers (such as mechanical stress, dysbiosis, trauma, smoking, or infection), leading to dysregulation of immunoinflammatory pathways and the development of the disease (3).

In the last decades, a substantial body of evidence indicates that cutaneous psoriasis and psoriatic arthritis patients are at higher risk of developing cardiovascular disease. It is known that adipose tissue is metabolically active and an important source of inflammatory adipokines. Obesity and atherogenesis are low-grade inflammatory diseases and a link with associated PsA. Inflammatory mediators of obesity may represent one added key cardio-metabolic risk factor in PsA subjects (13).

The prevalence of immune-mediated diseases like psoriasis has increased in industrialized countries in the last decades, likely accountable to environmental factors, considering that the genetic predisposition has not changed (14). Western lifestyle, sedentary, with high fat and carbohydrate diets, and excessive sodium consumption favor the development of overweight and obesity (15).

In light of the high prevalence of obesity in psoriatic arthritis patients (16) and the importance of the adipose tissue in the development of chronic inflammation, we aimed to identify the most relevant articles in this regard published in English until June 2020 using the PubMed database. Search terms included psoriatic arthritis, in combination with metabolic syndrome, obesity, adipokines, cardiovascular disease, and treatment.

This review summarizes the current understanding of the role of the adipose tissue as an adipokine-secreting endocrine organ, discussing its influence on disease development and severity. Ultimately, robust evidence acknowledges considering the relevance of the adipose tissue in meeting successful disease management.



Pathogenesis of Psoriatic Arthritis

Multiple factors participate in PsA development in an as yet not fully understood fashion. Some environmental factors like infections or mechanical stress give way to a genetically predisposed terrain, activating both the innate and adaptive immune systems. Genetic variants the major histocompatibility complex molecules and inflammatory mediators like the IL-12B gene, which encodes the p40 subunit of IL-23 and IL-12, the IL-23A gene, encoding for the p19 subunit of IL-23, and the IL-23 receptor gene (IL-23R), which encodes a common domain of IL-23R and IL-12R could favor the IL-23/IL17 axis activation, predisposing to the disease (17).

Chronic infections have raised great interest. In dysbiosis, microbiome proliferation, distorting its balance with the immune system, aberrant activation of the latter could favor cells recruitment, T helper (Th) 17 lymphocytes, in particular (17, 18). Activated Th17 lymphocytes might migrate from the intestinal mucosa and lymph nodes to the skin and joint tissue, causing local inflammation.

Repeated trauma causes tissue damage at the enthesis, i.e., tendon, ligament, and joint capsule insertion to the bone, activating the innate immune system by Damage-Associated-Molecular-Patterns (DAMPs) recognition (17, 19).

The growing importance of entheses in PsA pathophysiology has encouraged research studies. The enthesis is no longer considered a simple focal insertion but referred to as the ‘organ of enthesis’ (20). A healthy enthesis is usually anti-inflammatory, unlike the synovial membrane, which is proinflammatory regarding cellular composition and structure. When a mechanically stressed enthesis is injured, the associated inflammatory reaction manifests prominently within the juxtaposed synovium. The “synovio-entheseal complex” concept supports that specific factors at the joint level are relevant as danger signals, activating innate immune responses (20).

Regarding the adaptive immune system, IL17 A and IL23 appear key in PsA development.

Interleukin-17 not only activates innate-immunity cells but epithelial and endothelial cells, keratinocytes, chondrocytes, osteoblasts, and osteoclasts as well. Its ability to increase the level of IL1-IL6, IL8, TNF-α, matrix metalloproteinase-9 (MMP-9), granulocyte-macrophage colony-stimulating factor (GM-CSF), inducible nitric oxide synthase (iNOS), and receptor activator of nuclear factor-kappa B (RANK) applies to its participation in the inflammatory cascade (17).

In psoriatic patients, IL-17 handles CCL2 aberrant expression on keratinocytes, which recruits inflammatory cells, leading to hyperkeratosis and cell dysfunction (17).

Interleukin-17 and IL-23 act synergically in joint injury development, playing complementary roles in PsA pathogenesis. The respective intracellular signaling cascades are different, although IL-23 activates Th17 lymphocytes.

Antibodies against the keratinocyte cytoskeleton and enthesis sites have been identified, posing new theories as to disease development (21), while TH2-type response participation in seronegative arthritis has not been classically considered.


Psoriatic Arthritis and Cardiovascular Risk

Patients with PsA have increased cardiovascular risk, while the debate about the compromised metabolic pathways remains open (22). The so-called traditional cardiovascular risk factors, as hypertension, obesity, smoking, dyslipidemia, and metabolic syndrome, and hence the cardiovascular risk are increased in PsA patients (23, 24). Psoriasis is a systemic chronic inflammatory condition, where a high level of pro-inflammatory cytokines spreads beyond skin limits. Then, endothelial damage might be responsible for the increase of atherosclerotic disease in PsA patients (22). The ‘two plaques for one syndrome’ theory has been put forward. It states that a similar cytokine profile and inflammatory infiltrate is found in plaques both in skin psoriasis and atheroma (25).

We reported evidence supporting the contribution of classic cardiovascular risk factors and systemic inflammatory milieu in disease development. We found an increased level of C-reactive protein (CRP) and soluble intercellular adhesion molecule-1 (sICAM-1)in PsA patients without cardiovascular history or traditional risk factors compared with healthy subjects, the same as in recent-onset PsA patients, in the absence of cardiovascular risk factors (13).



Psoriatic Arthritis and Metabolic Syndrome

Psoriatic arthritis is undeniably a systemic disease, well expressed by the concept of psoriatic disease, having joint compromise as the central and most relevant characteristic (26). Within the spectrum of extra-articular manifestations, MetS stands out. Over the years, the diagnostic criterion for MetS, a cluster of coexistent hypertension, obesity, insulin resistance, and dyslipidemia, has undergone changes, each of which posing per se cardiovascular risk (27) Joint inflammation and MetS share common signaling pathways, which result in cardiovascular disease (3, 28). Atherosclerosis, MetS, and PsA show a common pattern of T-cell activation. They increase cytokine production with a Th-1 profile as tumor necrosis alpha (TNF-α), interleukin 1 beta (IL1-β), interleukin 10 (IL-10), and interferon (IFN) (3, 29). These cytokines induce insulin resistance in skeletal muscle, increase hepatic synthesis of pro-coagulant factors, inhibit lipoprotein lipase, and increase fatty acid oxidation, and atherogenic lipoprotein serum level. Cytokine production, insulin resistance, and endothelial dysfunction favor the formation and deposition of atheroma plaques in a deleterious positive feedback cycle (30). Proinflammatory cytokines not only promote vascular wall recruitment of macrophages and T lymphocytes precipitating atheroma plaque formation and deposition but induce foam cell lysis. This rupture or plaque accident releases cellular debris and thrombi to circulation with the consequent at distance damage often presented as acute myocardial infarction and cerebrovascular accident. The relationship between joint inflammation and atherosclerosis has led to considering PsA a cardiovascular risk factor on its own (31). Furthermore, PsA patients having no cardiovascular risk factors showed increased carotid intima-media thickness (IMTc) compared with control subjects (32, 33). In 2015, Di Minno et al.’s meta-analysis reported a higher carotid IMT and prevalence of carotid plaques, and reduced flow-mediated dilatation in 898 PsA patients compared with 1140 control (34). Although lifestyle changes are the fundamental pillar in MetS management, pharmacological intervention is often necessary. However, confirmed PsA diagnosis should refocus the attention to the inflammatory activity since psoriasis intrinsically favors endothelial dysfunction, insulin resistance, and a prothrombotic environmental background. Accordingly, the adequate MetS control should also consider joint disease remission.



Psoriatic Arthritis and Obesity

The complex, multifactorial relationship between obesity and psoriasis is not clear. Common pathophysiological mechanisms might account for pinning a vicious cycle that results in both. Whether one causes the other or they express different aspects of a same disorder is still undetermined.

While well-known factors may be accountable for arthritis development in PsA patients like severe skin compromise, nail compromise, genetic predisposition, and obesity, the latter has the advantage that can be changed.

Functional disability in PsA reduces physical activity, favoring weight gain, and, conversely, obesity prior to arthritis development is also true. This supports that chronic inflammation is likely involved in PsA development.

Two hypotheses explain how obesity favors PsA development in genetically predisposed subjects (35). One hypothesis proposes that adipose tissue acts as a source of inflammatory mediators like adipokines and proinflammatory cytokines, including TNF-alpha and IL-6 (30). The other one puts forward that overweight might would stress the enthesis due to the increase in the mechanical load with the following microtrauma, enticing an aberrant inflammatory response and PsA development (20). Obese patients had a higher prevalence of tuft resorption, Achilles and calcaneal spurs, and pelvic enthesitis compared with normal-weight subjects, reinforcing this hypothesis. Obesity was related to a late PsA onset, while normal-weight was associated with the HLA-B27 allele and an earlier onset of the disease (36).

Proinflammatory cytokines increased in obese patients are particularly involved in the pathophysiology of PsA and other inflammatory diseases.

Obesity is related to systemic inflammation and shares several pathways with PsA. Obesity, inflammatory status, and PsA are definitely related. A high level of inflammatory adipokines as found in obese patients may favor PsA expression in predisposed people.

Table 1 shows most of the few publications addressing the role of adipokines in PsA.


Table 1 | Representative studies linking PsA with adipokines published between 2009 and 2019.



Despite certain aspects to be clarified, we can affirm that not only psoriasis increases the risk of developing obesity but also obesity is associated with higher prevalence and severity of psoriasis, even in the pediatric population (48, 49).

Studying 943 patients diagnosed with cutaneous psoriasis (CPs) showed BMI at 18 years was predictive of PsA. In the United Kingdom, the risk of developing PsA was studied based on the relationship between the BMI measured after the diagnosis of PsC and PsA development.

Compared with PsC patients with a BMI <25, those with a BMI of 25–29.9, 30.0–34.9 and ≥35.0 had age and sex-adjusted RRs of 1.1, 1.24, and 1.52, (p for trend <0.001) (50). One 14-year follow-up prospective study showed that BMI, weight change from early adulthood, waist circumference, hip circumference, and waist-hip ratio were associated with an increased risk of developing PsA in all the participants and in PsA women in particular (51).

Figure 1 shows the interaction between obesity, adipokines, in the development of psoriasis and psoriatic arthritis and cardiovascular disease.




Figure 1 | Interaction between obesity and adipokines in the development of psoriasis, psoriatic arthritis, and cardiovascular disease. In obese patients, the adipose tissue presents cellular changes due to greater infiltration of pro-inflammatory cells with a decrease in the anti-inflammatory cell population. In this way, it becomes dysfunctional and acts as an endocrine organ, increasing the secretion of pro-inflammatory adipokines. A systemic inflammatory state is generated that, in genetically predisposed subjects, favors the appearance of skin psoriasis. On the other hand, the increased mechanical load at the enthesis sites contributes to the onset of psoriatic arthritis. The inflammation characteristic of the disease added to the sedentary lifestyle secondary to joint involvement perpetuates the growth of adipose tissue. Finally, both due to the presence of classical and non-classical factors associated with obesity, cardiovascular risk increases.






Characteristics, Distribution, and Function of the Adipose Tissue

Obesity is considered as having a body mass index (BMI) above 30 kg/m2 (52). Its deleterious impact on health has been widely studied, often embedded in the well-known MetS. Metabolic syndrome is a cluster of risk factors leading to microvascular dysfunction and chronic cerebral hypoperfusion, brought by the coexistence of diabetes type 2 or insulin resistance, abdominal obesity, hypertension, and dyslipidemia, mainly a low level of high-density lipoprotein-cholesterol, (HDL) (53–55).

Although weight gain and a high BMI imply an increase in adiposity, studying fat distribution is crucial given the many functions of adipose tissue.

Two types of adipose tissue may be recognized based on cellular structure, location, color, vascularity, and function. Newborns have brown adipose tissue, which has multilocular adipocytes with a large number of mitochondria. Brown adipose tissue is vital at this life stage when heat production is essential for survival. Adults show only white adipose tissue, which is basically an energy store made up of triglycerides within adipocytes (54).

The white adipose tissue presents different distribution patterns, traditionally named as android and gynoid. Android phenotype typically has fat centrally distributed mainly in the abdomen, chest, shoulder, and nape of the neck. Gynoid fat distribution refers to fat peripherally accumulated mainly at the buttocks and hips (54).

The android or gynoid distribution pattern depends on the subcutaneous adipose tissue which contributes to regulate body temperature acting as a thermal insulator.

However, there is another fraction of the white adipose tissue, the visceral adipose tissue, which occupies the space between the internal organs, allowing their proper juxtaposition.

There are important differences between subcutaneous and visceral fatty tissue, because of the expression of different genes related to insulin resistance, inflammation, and a different pattern of adipokines secretion (56).

These different secretion patterns have local repercussions involving autocrine or paracrine mechanisms and systemic ones. In this way visceral fat directly affects the liver, its increase being responsible for the development of insulin resistance, dyslipidemia, glucose intolerance and cardiovascular hypertension (54).


Adipose Tissue as an Endocrine and Immune-System Organ

Adipose tissue is made up not only of adipocytes which represent one-third of total fat. Adipose tissue also comprises fibroblasts, macrophages, stroma cells, and pre-adipocytes (54) Then, adipose tissue is not a mere energy store but also an endocrine organ participating in the immune response (57).

Adipose tissue is responsible for synthesizing adipokines which form a heterogeneous group including hormones like leptin and adiponectin, cytokines like TNF-α, IL -6, omentin, visfatin, and other proteins like the plasminogen activator (PAI) -1, angiotensinogen and resistin.

The adipokines family includes anti-inflammatory and proinflammatory adipokines. Under normal metabolic conditions, they are balanced. However, their plasma profile changes in response to different challenges, like metabolic variations. A deficit in calorie supply during starvation causes that proinflammatory adipokines decrease, and anti-inflammatory adipokines increase.



Proinflammatory Adipokines

The hormone leptin is produced mainly by adipocytes and regulates whole-body energy homeostasis. Fat mass and inflammatory status determine leptin levels (30).It reduces food intake and increases energy expenditure, acting directly on the hypothalamus and other brain regions (58). Obese patients typically show a high circulating level of leptin and leptin resistance (57) Leptin pro-angiogenic properties have been described directly related to endothelial dysfunction and atherosclerosis development (59). Leptin also modulates the immune response as an inflammatory molecule capable of activating adaptive immunity cells (57).

High level of leptin found in PsA patients, considering leptin properties, has suggested that leptin might be involved in bone erosion, activating osteoclasts in these patients (22) perhaps due to its cytokine-like structure (30). Leptin correlates with metabolic syndrome features and inflammation in patients with moderate-to-severe psoriasis (60).

Chemerin is involved in inflammation, adipogenesis, angiogenesis, and dyslipidemia. It participates in preadipocyte differentiation into adipocytes and in the hyperplasia and hypertrophy of mature adipocytes (61).

Visfatin is another adipokine related to abdominal obesity that increases pro-inflammatory factors in monocytes, promoting T lymphocyte activation. Correlation between visfatin concentration and insulin resistance, measured by the HOMA (Homeostatic Model Assessment for Insulin Resistance)-index was found in patients with ankylosing spondylitis, chronic inflammatory arthritis closely related to psoriatic arthritis (62). At the vascular level, visfatin upregulates vascular endothelial growth factor (VEGF) secretion and downregulates metalloproteins expression (63).

The increased cardiovascular risk in obese patients may be related to altered fibrinolysis. Adipocytes produce PAI-1, and obese patients have a high PAI level correlated with insulin resistance (64).

Both IL-6 and TNF-α promote insulin resistance inhibiting lipoprotein lipase (LPL), decreasing triglyceride hydrolysis into free fatty acids, and increasing triglyceride storage in adipocytes, resulting in larger fat cells (57). Besides, TNF-α inhibits preadipocytes conversion to mature adipocytes (65) and promotes atherosclerotic plaque formation, favoring leukocyte recruitment and activation, endothelial cell expression of adhesion molecules, and triggering arterial wall inflammatory cascade (30).

Unlike TNF-α, whose change in local production has not been confirmed, the expression of IL-6 in visceral fat was higher than in subcutaneous fat (30).



Anti-inflammatory Adipokines

Adiponectin is exclusively synthesized and secreted by adipose tissue. Its protective role in the development of MetS and atherosclerosis has been suggested as it improves insulin sensitivity and fatty acid oxidation (63). Patients with chronic diseases show low adiponectin levels resulting from a decreased synthesis in adipose tissue after the increase in IL-6 and TNFα cytokines. A low adiponectin level is associated with insulin resistance, vasodilation, endothelial damage, and diastolic failure and with a high CRP level in obese patients (30). In addition, adiponectin receptor mRNA (AdipoR1/R2) expresses to a lesser extent as well (66). Adiponectin concentration was inversely correlated with triglycerides/HDL and total cholesterol/HDL cholesterol ratios, and with high fasting plasma glucose level in rheumatoid arthritis, the prototypical inflammatory arthritis. Therefore, in rheumatoid arthritis, low adiponectin level clustered with metabolic syndrome features implicated in accelerated atherosclerosis development (67).

Omentin, produced by the vascular stroma cells of the visceral adiposity, increases insulin sensitivity, stimulating insulin-mediated glucose uptake in human adipocytes (68).



Adipose Tissue Changes in Obesity

In obese patients, adipokines synthesis and secretion are altered. Adipocytes are dysfunctional and increase the secretion of pro-inflammatory adipokines (69), triggering systemic mild chronic inflammation in the adipose tissue at first, then spreading away all through (57). Leptin secretion increases secondary to the increase in adipocyte lipid content. Though aimed to reduce caloric intake by acting at the central nervous system, leptin secretion leads to an imbalance at the adipose tissue. Accordingly, infiltration and accumulation of proinflammatory M1-type macrophages increase, replacing the normally found type 2 macrophages. Not only IL6 and TNF-α increase but insulin resistance develops as well. Accompanying M1 macrophages, proinflammatory cells (Th1, B2 B cells and ILC1) increase and anti-inflammatory immune cells (Tregs, Bregs, and ILC2) decrease in adipose tissue, perpetuating chronic inflammation (57). In sum, the adipose tissue drives an imbalance between anti-inflammatory and pro-inflammatory adipokines favoring the latter, increasing insulin resistance, propitiating diabetes, MetS, and cardiovascular disease.

Faced with this scene, two ways to improve the inflammatory state in adipose tissue and insulin sensitivity appear: weight loss and white adipose tissue gaining characteristics of brown adipose tissue in the so-called beiging process. The resulting beige or brite (brown in white) adipocytes (59) can burn lipids and restore normal insulin sensitivity, reducing the proinflammatory environment. Exposure to cold, β-adrenergic stimulation and some cytokines like IL33, IL13 and IL4 activate this mechanism.

In obesity, this process is slowed down, hampering insulin sensitivity restoration. Interleukin-17 is postulated to inhibit adipocyte differentiation and glucose absorption, and stem cell differentiation into adipocytes (57).

Although IL-17–producing T cells represent only 10% of the total immune cells in adipose tissue, the increase in fatty acids regulates the differentiation of CD4 + T cells into IL-17 T cells through acetyl Co-A carboxylase 1, increasing IL-17 T cells in obese patients, limiting the ability of fatty tissue to turn into brown tissue, decrease the inflammatory state and improve insulin sensitivity (57).

Obese patients have higher levels of IL-17 and IL-23 compared with normal weight counterparts unrelated to abdominal fat, insulin-resistance, or leptin level (70).

Presumably, IL-17 synthesized by visceral fat might favor vascular smooth muscle cells expression of eotaxin, related to carotid intima-media thickening as a sign of subclinical atherosclerosis (71).



Bone Marrow-White Adipose Tissue, Adiponectin, and the Bone

Bone marrow is a substantial reservoir of white adipose tissue alongside visceral and subcutaneous white fat. Adipocytes stand for up to 70% of total human bone marrow (72). Marrow adipose tissue (MAT) contributes to local and systemic metabolic processes with adipokine secretion (73). Its relevance as a paracrine organ, and its increase when bone mass decreases, have encouraged hypotheses regarding its role in bone health and metabolism. Bone MAT releases adiponectin in response to caloric restriction, highlighting its relevance as an endocrine organ (74).

Contrary to expectations, PsA with high BMI values show high adiponectin levels. Far from improving metabolism as in other tissues, adiponectin seems to have pro-inflammatory properties at the joints, increasing damage. Adiponectin proved a biomarker of radiographic progression independent of metabolic status in rheumatoid arthritis patients (75–77).

Regarding the involved mechanisms, adiponectin might act on osteoblasts, reducing the new bone formation and on osteoclasts, increasing bone resorption (73). Adiponectin and leptin receptors are found in osteoblasts, osteoclasts, and osteoclast precursors. Ultimately, the real impact of these adipokines in bone remodeling is still controversial (73).

In addition, adiponectin induces the release of proinflammatory cytokines like IL-6, monocytic chemotactic protein 1 (MCP-1), prodegradative enzymes like metalloproteinases, and nitric oxide in chondrocytes. Synovial fibroblasts have adiponectin receptors whose stimulation also contributes to promoting a prodegradative microenvironment (78–80).

Different adiponectin isoforms might account for the anti-inflammatory and pro-inflammatory properties of adiponectin (81).




Relationships and Change in Therapeutics


Nonbiological Systemic Agents

Currently, peripheral joint compromise is initially treated with synthetic disease-modifying drugs like methotrexate, leflunomide, sulfasalazine, and cyclosporine. Acute episodes are often controlled with non-steroidal anti-inflammatory drugs (NSAIDs), which should be used with caution in patients with cardiovascular disease or cardiovascular risk factors. Similarly, small corticosteroids dose for as short as possible should be used (82).

Disease-modifying antirheumatic drugs (DMARDs) should have a positive impact on cardiovascular disease in PsA patients since their pharmacological action reduces systemic inflammation.

Methotrexate (MTX) is a folate antagonist that inhibits the activity of dihydrofolate reductase activity and is one of the most widely used synthetic drugs in PsA treatment. Unfortunately, its effects on the cardiovascular are diametrically opposed, and, eventually, its prolonged administration may increase serum homocysteine level (83) and cardiovascular risk in patients with previous hyperhomocysteinemia (84). Fortunately, increasing homocysteine levels by MTZ can be prevented with folic acid administration (83) while keeping the anti-inflammatory properties that reduce cardiovascular risk. Large observational studies have shown that MTX reduces cardiovascular disease incidence in PsA and rheumatoid arthritis patients. Low or moderate cumulative doses and concomitant use of folic acid have shown more beneficial than high cumulative doses (85). However, the risk of hospitalization for ischemic heart disease among people who received MTX was comparable to that of people receiving other non-biologic antipsoriatic drugs like oral retinoids, cyclosporine, azathioprine, and mycophenolate (86).

Regarding liver disease, it may beiatrogenic or due to the disease itself. Leflunomide and MTX can induce nonalcoholic steatohepatitis (NASH). NASH was more frequent in MTX-treated patients and in patients with PsA compared with rheumatoid arthritis (87). However, PsA patients treated with an anti–TNF-α/MTX association had a lower risk of liver fibrosis compared with those treated with MTX alone (87).

The presence of liver disease should be considered when selecting the PsA treatment (16). Hepatic steatosis, found in 28.1% of the studied sample, was an independent predictor for not achieving the MDA (hazard ratio [HR], 1.91; 95% confidence interval [CI], 1.04–3.38) as reported by a prospective study (88). Patients with liver disease should not be treated with MTX, leflunomide, sulfasalazine, and NSAIDs. Whenever these drugs are administered, careful monitoring of transaminases and liver function should be performed.



Biological Agents

Proteins and/or their derivatives targeting specific molecular cascade steps involved in the pathophysiology of different diseases are defined as biological agents (89). According to their molecular structure, they are classified as recombinant human cytokines and growth factors, and fusion antibody proteins and monoclonal antibodies (89).

Fusion proteins are molecules formed by a naturally occurring receptor bound to an immunoglobulin structure. Monoclonal antibodies may be (a) chimeric antibodies, having 30% murine genes fused with human antibodies, (b) humanized antibodies, with 10% murine sequences, and (c) human antibodies derived solely from human immunoglobulin genes.

The development of biological drugs and small molecules pharmacologically active has expanded the therapeutic arsenal in PsA management. This has improved life quality and prognosis in patients refractory to methotrexate, sulfasalazine, leflunomide, or cyclosporin A, conventional immunosuppressive agents.

The complexity and systemic characteristics of PsA demand considering both the ongoing disease activity and extra-articular manifestations, and comorbidities before coming to a drug choice.

Evidence-based, obesity reflects mild chronic systemic inflammation. Worse, visceral fat might add to PsA intrinsic inflammation, secreting pro-inflammatory cytokines. As a result, it affects the therapeutic response and increases cardiovascular risk and the likelihood of expressing the disease in genetically predisposed subjects.

Abdominal obesity not only increases systemic inflammation in a positive feed-back cycle but is relevant to the therapeutic response.


Anti TNF α Agents

The TNF-α cytokine is key in PsA pathophysiology. Currently, five anti-TNFα molecules are available. Infliximab, adalimumab, and golimumab are monoclonal antibodies. Etanercept is a genetically manufactured dimeric protein resulting from the fusion of the soluble extracellular domain of human TNF-2α (TNFR2/p75) bound to the human IgG1 Fc domain. Certolizumab pegol is a humanized murine monoclonal antibody Fab fragment bound to two polyethylene glycol molecules.

Psoriatic arthritis patients treated with TNF-α underwent a larger decrease in IMTc, a marker of subclinical atherosclerotic disease, compared with those treated with synthetic disease-modifying drugs (6). However, obesity is a negative predictive factor for achieving minimum disease activity (MDA) in patients treated with biological therapies. Treatment with TNF-α inhibitors may induce weight gain in PsA patients (90).

In 2012, Di Minno et al. found that obesity was prevalent in patients not reaching the MDA end-point compared with those who did (64.0% versus 25.5%, p <0.001). Obesity was associated with an increased risk of not reaching MDA (HR = 4.90, 95% CI = 3.04–7.87, p<0.001). The HR for not reaching MDA was 3.98 (95% CI = 1.96–8.06, p< 0.001) and 5.40 (95% CI = 3.09–9.43, p<0.001) in subjects with BMI <30 kg/m2 and <30 to 35 kg/m2. In 98 subjects achieving MDA at 12 months of study, obesity was associated with a low probability of maintaining MDA at 24 months of follow-up (HR = 2.04, 95% CI = 1,015–3.61, p = 0.014) (91). In psoriatic arthritis, the disease activity index for PsA (DAPSA) score was associated with increased risk of subclinical atherosclerotic disease (92).

Assuming the negative effect of obesity in the disease’s control, the same group of researchers studied the effect of a low-calorie diet and weight loss in 126 obese patients starting anti–TNF-α administration. After adjusting for any other clinical and laboratory factors, the dietary intervention proved a strong and independent predictor of MDA achievement (93).

This has probably been related to drug elimination. Patients weighing over100 kg eliminate the drug 55% faster and have a 35% larger distribution volume, reaching lower minimum levels at the time of dosing (94).

In obese patients with metabolic syndrome, the TNF-α blockade may be less effective. The circulating T helper (Th) 17 level and IL-1 cells, elevated in obese patients, can predict the response inadequate to Anti TNF-α (95).

The Danish and Icelandic biological treatment registry included 1943 patients with PsA. Of these, 1271 (65%) had a BMI, with 408 (32%) obese. Obese patients had a higher disease activity and poor adherence to treatment, men in particular, with the median duration of Anti-TNF-α treatment of 2.5 years (95% CI = 1.7–3.2) in the obese vs 5.9 (4.1–7.7) in the non-obese. (P <0.01). Obesity came out as a risk factor for abandoning treatment [HR = 1.6 (95% CI = 1.3–2.0)] (96).

Six-month treatment with adalimumab increased insulin sensitivity and reduced CRP and retinol-binding protein-4 (RBP-4) in a prospective study of 29 patients with moderate-to-severe psoriasis (97, 98). These results were supported by a meta-analysis that included 38 randomized controlled trials (RCTs) with 18024 patients reporting adverse events in adults with plaque psoriasis who received at least one dose of biological therapy, conventional systematic therapy, or placebo. No risk differences for major cardiovascular events were associated with the use of AntiTNF-α (odds ratio [OR] = 0.67, 95% CI = 0. 10–4.63) (99).



Anti IL-17 Agents

Among the biological agents acting through IL-17 inhibition, we find secukinumab and ixekizumab, which are anti–IL-17A monoclonal antibodies. Secukinumab efficacy in obese patients is controversial. In a retrospective observational study including 136 patients with cutaneous psoriasis from 10 dermatology centers in Spain with a 52-week follow-up, secukinumab efficacy was lower in patients with a BMI above 30 (100).

There is scarce information on secukinumab efficacy in obese patients with psoriatic arthritis.

Recently, Pantano et al., carried out a prospective analysis of 100 patients with PsA, divided into those with a BMI above or below 25. After 6 months of treatment, overweight and obese patients had an even better response to secukinumab compared with normal weight patients. Analyzing serum IL-17 levels in 20 obese and 20 non-obese patients, higher serum levels of IL-17 were found in the former (101). This finding was in line with the literature since obesity promotes the expansion of IL17-producing T cells in adipose tissue, and higher levels of IL17 and IL23 were found in this study.

A recent retrospective study of 290 PsA patients, 310 PsC patients and 600 healthy controls found that obesity was more frequent in either PsC (36.5% vs. 22%, OR = 2.1, 95% CI = 1.5–2.8, p <0.01) or PsA (27.6% vs. 22%, OR = 1.4, 95% CI = 1.0–1.9, p <0.05) compared with controls with no inflammatory disease. Curiously, obesity was more frequent in PsC (36.5%) than in PsA (27.6%) (OR = 1.5, 95% CI = 1.1 to 2.1, p <0.05). A family history of PsA (OR = 3.6, 95% CI = 1.1–12.4), axial compromise (OR = 4.4, 95% CI = 1.0–15.4), and dyslipidemia (OR = 3.5, 95% CI = 1.5–8.6) were independently associated with obesity after correcting for probable confounding factors (102).

The effect of IL-17 on cardiovascular risk has been the subject of debate, likely due to its dual anti-atherogenic and pro-atherogenic action, depending on the inflammatory context (22).

An observational study including 195 secukinumab-treated patients with a 2-year follow-up reported that 2% of patients experienced a CV event (103). However, the safety data of the published meta-analysis did not risk differences in the risk of major cardiovascular events associated with the use of anti-IL-17A agents (secukinumab and ixekizumab) (OR = 1·00, 95% CI = 0·09–11·09) (99).



Anti-IL-12/IL-23

Ustekinumab is the first biological drug specifically targeted at IL-12/IL-23 approved to treat PsA. It binds to the p40 subunit, which is shared by IL-12 and IL-23, interfering with Th1 and Th17-dependent proinflammatory cytokines´ production (95).

Recent studies have shown that PsA patients´ response to ustekinumab was effective and sustained, regardless of body weight (104).

In a study of 79 patients diagnosed with cutaneous psoriasis, patients treated for 7 months with infliximab had an increase (P <0.001) in the mean BMI (2.1 ± 4.5%) and body weight. (2.5 ± 3.3 kg) compared with those treated with ustekinumab (0.1 ± 3.3%; 0.6 ± 1.1 kg) (105).

The pivotal, randomized, placebo-controlled, phase III PSUMMIT I trial not only confirmed the efficacy of ustexinumab in PsA but, unlike other biological agents, those with a bodyweight below or equal to 100 kg had higher response rates than those weighing over 100 kg. In a post hoc analysis by weight group, patients over 100 kg treated with the 90 mg dose showed a trend to higher American College of Rheumatology (ACR) and Psoriasis Area Severity Index (PASI) response rates than those treated with the 45-mg dose (106). Whether these differences are due to suboptimal dosing is to be determined (95).

An observational study of 50 patients with PsA, of whom 28% were obese, studied the efficacy of using ≥3 doses of ustekinumab. Fifty-four percent of patients treated with ustekinumab achieved an MDA response (107).

Regarding ustekinumab on cardiovascular risk, the debate is still open. Contrary to expectations, as IL-12 and IL-23 are found in atheroma plaques, the first data obtained from clinical studies using inhibitors reported a higher rate of major cardiovascular events in the ustekinumab group (108). However, later on, there was no increase in the number of events in the study, so the risk was even lower than in the general population (108).

Two meta-analyses have been carried out to assess the risk of major cardiovascular events (109, 110). Although one possible explanation has been that the methods used for data analysis were different, the results of both meta-analyses turned out contradictory (22). One of them reported no statistically significant differences in the risk of major cardiovascular events compared with placebo (OR = 4.48, 95% CI = 0.24–84.77, p = 0.32) (99)

Randomized long-term follow-up controlled trials are necessary to make recommendations (22).





Conclusion

Psoriasis, a systemic disease entangling MetS, cardiovascular disease, and joint involvement, puts forth obesity and PsA as indirect indicators of disease severity (111). The high prevalence of MetS and its components in PsA patients stresses the importance of performing anamnesis, thorough physical examination, and carotid arteries’ Doppler evaluation, screening subclinical atherosclerotic disease. Counseling on lifestyle changes pointing to a well-balanced, healthy diet, smoking cessation, increasing physical activity, sleep care, and so on, is essential and should take part in their comprehensive assessment. Ultimately, non-classical factors’ influence on cardiovascular disease development should not be underestimated, demanding rigorous control of disease activity.

Provided the large available therapeutic arsenal, the choice of treatment should consider the individual characteristics, obesity, and metabolic syndrome, in particular.

Optimal care of PsA patients is a huge challenge for the treating physicians. Therapeutic management should not be limited to the care of the skin and joints. The systemic and inflammatory nature of the disease makes the search for comorbidities imperative. Adequate cardiovascular risk assessment and strict bodyweight control should be considered therapeutic objectives. These will not only modify the patient’s prognosis but influence therapeutic efficacy and have to be considered. In this way, the comprehensive management of the patient will be decisive in the choice of the therapeutic scheme.
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