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5Dermatologie, Pôle PACTE (Pathologies Aiguës Chroniques Transplantation Éducation), CHU de
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Psoriasis (PsO) and psoriatic arthritis (PsA), together known as psoriatic disease

(PsD), are immune-mediated diseases with a chronic and relapsing course that

affect the skin, the joints or both. The pathophysiology of PsO is complex and

involves abnormal expression of keratinocytes and infiltration of the skin with

dendritic cells, macrophages, neutrophils and T lymphocytes. Around 30% of

patients with PsO develop arthritis with axial and/or peripheral manifestations.

Both PsO and PsA share similar Th1- and Th17-driven inflammation, with

increased production of inflammatory cytokines, including TNFa, IFN-g, IL-
17, IL-22, IL-23 in the skin and the synovial membrane. PsD is associated with a

high burden of cardiometabolic diseases such as hypertension, diabetes,

dyslipidemia, obesity, metabolic syndrome and cardiovascular (CV)

complications as compared to the general population. These comorbidities

share common immunopathogenic pathways linked to systemic inflammation,

and are associated with the extent and severity of the disease. Morever, they

can influence treatment outcomes in PsD. In this short review, we summarize

the available evidence on the epidemiology, clinical aspects and mechanisms

of cardiometabolic conditions in patients with PsD. We also discuss the impact

of targeted treatments such as methotrexate and biological agents on these

cardiometabolic conditions.
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Introduction

Psoriasis (PsO) is a chronic skin disease affecting around 3% of the worldwide

population. It is an immune-mediated disease characterized by abnormal expression of

keratinocytes and infiltration of the dermis with dendritic cells, macrophages,

neutrophils and T lymphocytes (1). Around 30% of patients with PsO develop
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psoriatic arthritis (PsA), a condition that is included in the

spondyloarthritis group. Indeed, PsA may involve the axial

skeleton and/or the peripheral joints, but also entheseal

structures, overall leading to joint damage, physical limitation

and disability (2). Both PsO and PsA share similar Th1- and

Th17-driven inflammation, with increased production of

inflammatory cytokines including TNFa, IFN-g, IL-6, IL-8, IL-
17, IL-23 in the skin and synovial membrane. Due to common

pathophysiological mechanisms and complications, PsOs and

PsA are collectively grouped under the term psoriatic disease

(PsD) and are associated with specific extra-cutaneous/articular

manifestations and comorbidities. Collaborative and

multidisplinary approaches with dermatologists and

rheumatologists have been developed in different countries in

order to better diagnose and manage patients with PsD (3).

There is compelling evidence that PsD carries a greater of

developing cardiometabolic diseases as compared to the

general population (4, 5). Higher cardiovascular (CV) risk is

well documented in immune-mediated diseases such as

rheumatoid arthritis (RA) or systemic lupus erythematosus

(6). In parallel, there is a growing interest in CV and

metabolic diseases in patients with PsD (4, 5, 7).

In this narrative review, we aim to analyse the

cardiometabolic conditions of patients with PsD, with a focus

on the underlying mechanisms. We also examine the influences

that these comorbidities may have on treatment response in PsD

patients, as well as the impact of conventional and targeted drugs

on these conditions.
Cardiometabolic comorbidities
in PsD

CV diseases

The association between CV mortality and morbidity is well

described in patients with RA, and RA itself is considered to be

an independant CV risk factor similar to the risk induced by type

2 diabetes (8). CV risk is also enhanced in PsA, and the

prevalence of CV diseases in PsA is reportedly comparable to

that observed in RA (9). A meta-analysis based on 11 studies

found a 43% increase in CV diseases in PsA compared to the

general population. In addition, the risk of myocardial

infarction, cerebrovascular disease and heart failure was

increased by 68%, 22% and 31% respectively (10). The

relationship between inflammation in patients with PsA and

the subsequent development of CV diseases has been examined

in specific cohort studies. The conclusions indicate that markers

of disease activity and/or severity (polyarthritis, dactylitis, extent

of PsO, elevation of acute phase reactants) in PsA were

associated with future CV events (11, 12). In addition, the

extent of atherosclerotic plaque was associated with disease

activity and inflammation in patients with PsA (13). In a
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meta-analysis including 31 studies involving 665,009 patients

with PsO and 17,902,757 non-psoriatic control subjects, pooled

analyses revealed that PsO patients, especially severe PsO, had a

higher risk of ischemic heart disease, myocardial infarction,

stroke, thromboembolism, arrhythmia and cardiovascular

death. Psoriasis remained an independent risk factor for

adverse CV outcomes (14). The association between venous

thromboembolism (VTE) and PsD has also been reported: a

systematic review and meta-analysis based on 13 cohort studies

reported an increased risk of incident VTE in patients with PsO

(pooled Hazard ratio (HR)[95% confidence interval (CI)]: 1.26

[1.08-1.48] but also in patients with PsA (pooled HR: 1.24 [1.01-

1.53]) (15). Furthermore, it is considered that the CV burden is

higher in patients with PsA compared to patients with PsO

alone: in a population-based study from Taiwan, patients with

PsA had a higher incidence of cerebrovascular diseases

compared to psoriatic patients without arthritis (HR: 1.83

[:1.17-2.82]) (16). A comparative study by Husted et al. found

significantly higher prevalence of hypertension, obesity,

dyslipidemia, type 2 diabetes and CV diseases in patients with

PsA compared to those with PsO alone (unadjusted odds ratio

(OR) for CV diseases : 2.59 [1.43-4.67]) (17). Finally, the risk of

major adverse CV events (MACE) in patients with PsA not using

a disease-modifying antirheumatic drug (DMARD) was similar

to the risk observed in RA after adjustment for traditional CV

risk factors (HR for PsA : 1.24 [1.03-1.49], HR for RA : 1.39

[1.28-1.5]) (18).
Obesity

Overweight and obesity are more common in patients with

PsO or PsA compared to the general population, and compared

to patients with RA (19, 20). In a Canadian case-control study

comparing the body mass index (BMI) of patients with PsA,

PsO, RA and normal controls, the proportion of individuals with

obesity was 37%, 29%, 27% and 18% respectively. The odds of

obesity were 61% higher for PsA than PsO (21). This was

confirmed in a cohort study from a UK database, in which the

prevalence of obesity was higher in PsA compared to PsO alone

(18). Some studies suggest that being overweight or obese could

be a risk factor for developing PsO and/or PsA. In the

prospective Nurse’s Health Study, there was a link between

weight gain and incident PsO (22). The prevalence of obesity

is higher in psoriatic patients than in the general population and

the BMI of psoriatic patients tends to increase over time.

Furthermore, being overweight with abdominal obesity and

being obese is more common in children with PsO than in

controls (23). Using Mendelian randomization, it was

established that a higher BMI increase the odds of PsO (by 9%

per 1 unit increase in BMI) (24). Moreover, it was demonstrated

that obesity could be a factor for the transition from skin disease

to joint involvement. Indeed, in an electronic database of
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medical records from the UK, the incidence of PsA increased in

parallel with BMI both in patients with PsO and in the general

population (25). In a prospective study performed in the USA

(US Nurse’s Health Study II), BMI, weight changes and

measures of central obesity were recorded over a 14-year

period. It was found that BMI was monotonically associated

with an increased incidence of PsA (26). In contrast, there were

limited data on body composition in PsD. Using dual-energy X

ray absorptiometry (DXA) measurements, Pedreira et al. found

an increased total fat percentage in patients with PsA, but no

changes in lean mass (27). Our group evaluated body

composition in patients with PsA or PsO alone and matched

controls. We found no significant differences in body

composition measurements between PsA patients and their

matched controls, while patients with PsO had higher visceral

fat compared to their controls (28).
Diabetes, dyslipidemia and metabolic
syndrome

Several studies have shown that patients with PsD are at

increased risk of diabetes (4). In a systematic review and meta-

analysis of cohort studies, the incidence of type 2 diabetes was

13.4 and 7.8/1000 patient-years in patients with PsA and non-

rheumatic control subjects, respectively (29). In a systematic

review of CV comorbidities in PsA, the prevalence of diabetes

was found to be increased in patients with PsA compared with

controls (30). In addition, patients with PsA are more likely to

have higher fasting glycemia compared to patients with RA

(20). The prevalence of diabetes and insulin resistance were

higher in 102 patients with PsA compared to 82 control

subjects, after adjusting for BMI (31). In a cohort of 60

children with PsO aged 3-10 years, 27% had insulin

resistance (32). Compared to mild disease, the severity of

PsA (defined by joint erosive changes, osteolysis and

sacroiliitis) was linked to insulin resistance in an Irish cohort

study of 283 patients (OR: 3.49 [1.08- 11.2]) (33). The risk of

diabetes seems to be higher in women and in patients with

active disease (34). Abnormal lipid profile has been reported in

PsA: indeed, patients were characterized by an unfavorable

atherogenic ratio with a reduction in HDL cholesterol and

elevated circulating triglyceride levels (20, 30). Systemic

inflammation, as estimated by C-reactive protein (CRP) has

been linked to low HDL cholesterol and high total/HDL

cholesterol ratio (13). Some studies have also shown that

patients with PsA had more lipid abnormalities compared to

patients with PsO alone (28% versus 13.5%, OR 2.5 [95%CI

1.7- 3.3]) (35). In addition, the lipid profile is more altered in

PsA compared to RA (35). Hypertension is also a well-

recognized comorbidity of PsA. In the study by Husted et al,

hypertension was the most frequent comorbidity of PsA
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(37.1%) and was more prevalent than in patients with PsO

alone (20%) (17). Systemic inflammation seems to influence

hypertension in PsA (31). Accumulating evidence suggests that

there is a relationship between PsD and an increased risk of

metabolic syndrome (MetS) (36). Metabolic syndrome and its

components (central obesity, hypertension, insulin resistance

and dyslipidemia) are strongly represented in PsA, ranging

from 24% to 58% (37). MetS has consistently been reported in

several series of patients with PsA, and is associated with the

severity of the disease (30, 33), more consistently than in cases

of PsO (38). Again, the prevalence of MetS is higher in PsA

than in PsO alone (16) and higher than in RA (20). In a

systematic review and meta-analysis, the pooled prevalence of

MetS was found to be higher in PsA (0.46 ± 0.06 [0.40- 0.51]

than in PsO (0.34 ± 0.03 [0.32-0.37]) (39).
Pathogenic mechanisms involved in
cardiometabolic diseases of PsD

It is now well established that inflammation is a major

determinant of atherosclerosis, playing a role in plaque

formation and progression (40, 41). The relationships between

inflammation and atherosclerosis have been well demonstrated

in RA: proinflammatory cytokines such as TNFa, IL-1 and IL-6

produced by various activated cells (T lymphocytes, monocytes,

mastocytes, adipocytes) are released into the circulation and

have potential effects on different tissues, including the blood

vessels, leading to endothelial activation, vascular dysfunction as

well as altered lipid profile and prothrombotic effects (6). The

ultimate consequence is to promote atherogenesis. In PsD,

several cytokines may play a role in atherosclerosis. Shared

chronic inflammatory pathways such as Th1 and Th17

activation lead to the production of proinflammatory

cytokines (TNFa, IFN-g following Th1 differentiation, and IL-

17A, IL-17F, IL-22 after Th17 activation). These inflammatory

mediators are increased in the skin, the joint and the circulation

in patients with PsO and/or PsA compared to subjects from the

general population. They have various effects on the

endothelium, leading to a proatherogenic phenotype (42).

Circulating TNFa alone or in combination with IL-17 have

been associated with endothelial dysfunction in PsA. It is well

established that IL-17 is a key cytokine driving inflammation in

PsD, and IL-17 is considered to be a solid candidate linking PsD

to the developement of CV diseases (43, 44). As it was observed

in RA, IL-6 is involved in joint inflammation and degradation of

patients with PsA. Specific polymorphisms of IL-6 gene have

been linked to CVD in PsA (45). The development of MetS in

PsD is related to the systemic and chronic inflammation. In

addition, obesity, type 2 diabetes and insulin resistance share

common inflammatory pathways with the involvement of

specific inflammatory cytokines such as TNFa and IL-6 (44).
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Moreover, adipose tissue is a reservoir of proinflammatory

cytokines, mainly IL-6 and TNFa, and obesity may promote

expansion of Th17 cells (46). The links between obesity and

inflammation may also be substantiated by the involvement of

specific adipokines, such as leptin and adiponectin, in the

metabolic disturbances observed in PsD (47, 48). Smoking is a

risk factor for CV disease that has been found significantly

associated with PsO (4) and PsA (49). In parallel, gout augments

the risk of CV diseases in PsO: in a population-based cohort

study from Taiwan, patients with PsO and gout had a

significantly higher risk for CV disease compared to patients

with PsO alone (50) (Figure 1). Finally, the concept of “psoriatic

march” has been proposed in order to explain the link between

inflammation and the development of atherosclerosis in PsD:

systemic inflammation, in conjunction with obesity and

metabolic abnormalities, promotes the developement of insulin

resistance, endothelial dysfuction, atherosclerosis and ultimately

CV diseases (51).
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Clinical implications of
cardiometabolic conditions in PsD

Screening for cardiometabolic diseases

The European Alliance of Associations for Rheumatology

(EULAR) group has published recommendations for the

management of the CV risk in inflammatory rheumatic diseases

(IRD) including PsA (52). It is considered that the different tools

assessing CV risk in IRD, such as the Framingham risk score, the

European systemic coronary risk evaluation SCORE or the

Reynold’s CV risk score, all underestimate the real risk in IRD,

especially in RA, but also in PsA (53). Thus, the EULAR has

proposed the use of a correcting factor, by multiplying the score

obtained in patients with RA by 1.5. In PsD, this correcting factor

has not yet been validated. Despite the substantial evidence in

support of an increased CV risk in PsD, the different CV risk factors

remain undertreated (54). In a population-based study from the
FIGURE 1

Due to disease activity, psoriatic disease (PsD) is associated with the production of Th1 (TNFa, IFNg) and Th17 (IL-17, IL-22) derived cytokines that have
potential effects on the blood vessels. They lead to endothelial activation, vascular dysfunction, altered lipid profile and prothrombotic effects, and
ultimately, they promote atherosclerosis and cardiovascular (CV) disease. PsD is strongly associated with specific comorbidities including obesity and
metabolic syndrome (MetS). Smoking and genetic factors may contribute to the development of CV diseases in PsD. Obesity is a predisposing factor for
the developement of PsD and contributes to disease activity by the release of adipokines. Specific comorbidities, such as MetS and obesity, and
therapeutic response are interrelated in PsD : on the one hand, MetS and obesity impair the therapeutic effectiveness of TNF inhibitors (TNFi), while on
the other hand, methotrexate and TNFi have been shown to limit the CV burden of PsD.
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UK, the management of CV risk factors in patients PsA was similar

to that of subjects from the general population, despite an increased

prevalence of hypertension, hyperlipidemia, diabetes mellitus and

obesity (35). Despite a vast body of literature showing an overall

increased risk of CV disease in patients with PsO, it has been found,

that patients with psoriasis and CV risk factors receive less cardio-

protective medical therapy than controls without PsO, or no such

treatment at all (55). The Joint American Academy of Dermatology

— National Psoriasis Foundation guidelines (56) advocate that

dermatologists inform psoriatic patients of their elevated CV risk

and ensure engagement with their primary care doctor or

cardiologist. The US (56) and European Academy of

Dermatology and Venerology’s (57) guidelines recommend

screening patients with PsO upon systemic treatment for CV

disease risk factors every twelve months. Furthermore, the British

(58) and French (59) guideline recommends CVD risk assessment

in adults with severe PsO at presentation and further CV

assessment every five years (58). The European Society of

Cardiology (60) recommends CV screening and similar

therapeutic interventions as in the general high-risk population.

These data strongly underline the need to carefully screen for

and manage the different CV risk factors in PsD. In parallel to CV

risk factors, obesity, diabetes andMetS require specific attention in

patients with PsD to be adequately managed (7, 37, 43). Optimal

lifestyle modification in PsO including hypocaloric and

Mediterranean diet and smoking cessation if required, is a

cornerstone of strategies to reduce CV disease (61). Clinical

trials evaluating traditional CV risk factor treatment thresholds

and goals in the psoriasis population are lacking. However, given

the pattern of dyslipidemia, lipid-lowering, i.e. statins, play a key

role in CV risk reduction strategies in PsO (62). While it is also

reasonable to promote aggressive blood pressure and hemoglobin

A1c goals, in-line with ACC/AHA recommendations in patients

at elevated risk of CVD, clinical studies evaluating this approach

in PsO are still needed (63). Whether statin therapy in PsO

confers additional anti-inflammatory benefit beyond lipid-

lowering is not yet known. Aspirin in the primary prevention of

CVD is controversial even in the non–psoriatic patient (64).
Impact of metabolic diseases of
PsD on the therapeutic response
to targeted treatments

Obesity and MetS are associated with impaired response to

the treatments that are used in PsD. In contrast, weight loss has a

positive impact on the severity of PsO (65). Overweight and

obesity have been reported to be associated with a reduced

probability of achieving a sustained minimal disease activity

(MDA) state in PsA, irrespective of the treatment used (–) (66).

In an Italian prospective study, being obese was an independent

risk factor for not acheiving MDA (HR: 4.9 [3.04- 7.87]) and for

relapse over 24 months (67). The response to TNF inhibitors
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(TNFi) is particularly influenced by BMI: in a meta-analysis

including 22 cohorts with PsD, obesity was associated with poor

response to TNFi in obese patients (OR for failing to respond to

TNFi: 1.57 [1.30-1.89]) (68). MetS was also associated with poor

response to TNFi: in an Italian cohort of patients with PsA

receiving their first TNFi, the presence of MetS was associated

with a lower probablility of achieving MDA at 24 months (OR:

0.56) (69). Lastly, in the Danish (DANBIO) and Icelandic

(ICEBIO) biologics registries, obesity was associated with an

increased risk of TNFi withdrawal (HR: 1.6 [1.3-2.0]) and

reduced EULAR good or moderate responses (OR: 0.47 [0.29-

0.72]) (70). For the IL-12/23 inhibitor ustekinumab, data showed

that obesity impared the skin response (71). For secukinumab,

BMI does not seem to influence the therapeutic response in PsA

according to recent data (72). Tofacitinib is a pan-JAK inhibitor

(JAKi) licensed for the treatment of PsA. In a post hoc analysis of

3 randomized controlled trials, American College of

Rheumatology (ACR) response rate to tofacitinib was reduced

in patients with BMI ≥ 35 kg/m² (73).
Impact of systemic treatments on
cardiometabolic diseases of PsD

Taking into account the l ink between systemic

inflammation and CV diseases, it is conceivable that

controlling inflammation by systemic agents may positively

impact the CV risk in PsD (73, 74). It is now well

demonstrated that conventional synthetic agents such as

methotrexate (MTX), but also TNFi, improve the CV

burden of patients with RA (75). In PsD, MTX has been

associated with a reduction in CV risk (76). A meta-analysis

examined the effects of MTX on CV risk in patients with RA,

PsO or PsA. The conclusion was that MTX was associated

with a 21% reduction in overall CV risk and an 18% reduction

in the risk of myocardial infarction (77). In a population-

based cohort study in the USA, Ogdie et al. concluded that the

risk of MACE was higher in patients with PsA or PsO not

receiving a conventional synthetic DMARD (csDMARD) or

in patients with severe PsO (18). A larger body of data is

available regarding the specific impact of TNFi on CV events.

Their beneficial effects are well demonstrated in RA. The

meta-analysis by Roubille et al. based on 6 studies in PsD

showed a significant reduction in CV events under csDMARD

or TNFi in PsO and PsA (relative risk [RR] : 0.72 [0.57-0.91]

and 0.7 [0.54- 0.9], respectively) (75). A second meta-analysis

came to the same conclusion, namely that compared to MTX,

the risk of CV events was markedly decreased under TNFi

(RR: 0.67 [0.52-0.88]) (78). Data regarding other bDMARDs

are more limited. Conversely, the impact of PsD treatment on

CV risk must be discussed. Indeed, blockade of the IL-23/IL-

17 axis, however, warrants caution as a cardiovascular

intervention. A case-time-control analysis based on data
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from 9290 patients with records in the French national health

insurance database from 2010 to 2016 suggested that the

initiation of ustekinumab treatment is associated with an

increased risk of acute coronary syndrome or stroke in

patients with a high baseline cardiovascular risk (79). IL-

17A appears to be a differential regulator of atherosclerosis,

and its effects in mouse models suggest that its modulation

may have contradictory effects on plaque size and possibly

stability. Targeting this pathway has improved PsO, but may

augment CV risk in certain patients (80, 81). However, it has

been suggested in an observational study of Pso patients that

secukinumab, an IL-17 inhibitor, improved left venricular

function and coronary flow reserve compared with MTX and

cyclosporine (82). In the same way, concerns have been raised

about the risk of MACE under briakinumab, another anti-IL-

23 agent. However, a meta-analysis of 38 randomized clinical

trials in PsO concluded that there was no increase in MACE

with the use of different biological agents, including

ustekinumab but also TNFi and anti IL-17 agents (83). A

large Korean PsO cohort study assessed MACE risk according

to the treatment modalities of phototherapy, biologic and

conventional systemic agents. Phototherapy and biologic

groups showed a lower incidence of MACE than the control

cohort, and the difference in the cumulative incidence

remained significant over the 36-month follow-up period.

Cyclosporine and mixed conventional systemic treatments

were significantly associated with an increased MACE risk,

whereas MTX was not associated with MACE (84). Lastly,

concerns have recently emerged regarding the risk of

thrombosis under the JAKi tofacitinib, leading to specific

warnings. The ORAL Surveillance randomized trial analyzed

the safety of tofacitinib (5 and 10 mg twice daily) versus a

TNFi in subjects with RA aged 50 years or older who had at

least one additional CV risk factor (85). The study concluded

that there was a higher risk of MACE and malignancies with

tofacitinib as compared to TNFi in patients with RA (HR for

MACE: 1.33 [0.91-1.94]; HR for malignancies: 1.48 [1.04-

2.09]). Following these results, healthcare professionals were

advised to consider the benefits and risks of tofacitinib, but

also other JAKi, when deciding to prescribe and continue

patients on the drug. However, in the interim analysis of

tofacitinib in PsA patients in the OPAL Balance trial (3 year,

open-label extension study of tofacitinib in PsA), there was

no evidence of an increased risk of CV events (86). Similarly,

in an integrated analysis of 2 randomized, placebo-controlled

phase 3 trials with upadacitinib in PsA, including one trial

with adalimumab, rates of MACE were similar across
Frontiers in Immunology 06
treatment groups (87). It has been reported that TNFi

induce body composition changes in IRD with weight and

fat mass gain, especially in the central abdominal region (88).

In contrast, there are some data showing that TNFi may

improve different components of MetS (89) and diabetes (90)

in PsD (91).
Conclusion

PsD is associated with a higher prevalence of

cardiometabolic diseases compared to the general population.

This prevalence is higher in PsA compared to PsO alone, and

also higher compared to other IRD, such as RA. Obesity and

MetS are strongly represented in PsD, and obesity is a known

risk factor for the development of PsO and PsA. These metabolic

comorbidities must be adequately screened for and managed by

the physicians caring for patients with PsD. Obesity influences

the treatment response to specific biologic agents such as TNFi.

In parallel, MTX and TNFi have been shown to have a positive

impact on CV risk and on MetS.
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la société française de dermatologie). French guidelines on the use of systemic
treatments for moderate-to-severe psoriasis in adults. J Eur Acad Dermatol
Venereol (2019) 33(3):464–83. doi: 10.1111/jdv.15340

60. Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Bäck M,
et al. 2021 ESC Guidelines on cardiovascular disease prevention in clinical practice.
Eur J Prev Cardiol (2022) 29(1):5–115. doi: 10.1093/eurjpc/zwab154

61. Ford AR, Siegel M, Bagel J, Cordoro KM, Garg A, Gottlieb A, et al. Dietary
recommendations for adults with psoriasis or psoriatic arthritis from the medical
board of the national psoriasis foundation: A systematic review. JAMA Dermatol
(2018) 154(8):934–50. doi: 10.1001/jamadermatol.2018.1412

62. Ports WC, Fayyad R, DeMicco DA, Laskey R, Wolk R. Effectiveness of lipid-
lowering statin therapy in patients with and without psoriasis. Clin Drug Investig
(2017) 37:775–85. doi: 10.1007/s40261-017-0533-0

63. Garshick MS, Ward NL, Krueger JG, Berger JS. Cardiovascular risk in
patients with psoriasis: JACC review topic of the week. J Am Coll Cardiol (2021) 77
(13):1670–80. doi: 10.1016/j.jacc.2021.02.009

64. US Preventive Services Task Force, Davidson KW, Barry MJ, Mangione CM,
Cabana M, Chelmow D, et al. Aspirin use to prevent cardiovascular disease: US
Frontiers in Immunology 08
preventive services task force recommendation statement. JAMA (2022) 327
(16):1577–84. doi: 10.1001/jama.2022.4983

65. Alotaibi HA. Effects of weight loss on psoriasis: A review of clinical trials.
Cureus (2018) 10(10):e3491. doi: 10.7759/cureus.3491

66. Eder L, Thavaneswaran A, Chandran V, Cook RJ, Gladman DD. Obesity is
associated with a lower probability of achieving sustained minimal disease activity
state among patients with psoriatic arthritis. Ann Rheum Dis (2015) 74(5):813–7.
doi: 10.1136/annrheumdis-2013-204448

67. di Minno MN, Peluso R, Iervolino S, Lupoli R, Russolillo A, Scarpa R, et al.
Obesity and the prediction of minimal disease activity: A prospective study in
psoriatic arthritis. Arthritis Care Res (Hoboken) (2013) 65(1):141–7. doi: 10.1002/
acr.21711

68. Singh S, Facciorusso A, Singh AG, Vande Casteele N, Zarrinpar A, Prokop
LJ, et al. Obesity and response to anti-tumor necrosis factor-alpha agents in
patients with select immune-mediated inflammatory diseases: A systematic review
and meta-analysis. PloS One (2018) 13(5):e0195123. doi: 10.1371/
journal.pone.0195123

69. Costa L, Caso F, Ramonda R, Del Puente A, Cantarini L, Darda MA, et al.
Metabolic syndrome and its relationship with the achievement of minimal disease
activity state in psoriatic arthritis patients: An observational study. Immunol Res
(2015) 61(1-2):147–53. doi: 10.1007/s12026-014-8595-z

70. Hojgaard P, Glintborg B, Kristensen LE, Gudbjornsson B, Love TJ, Dreyer L.
The influence of obesity on response to tumour necrosis factor-alpha inhibitors in
psoriatic arthritis: Results from the danbio and icebio registries. Rheumatol
(Oxford) (2016) 55(12):2191–9. doi: 10.1093/rheumatology/kew326

71. Del Alcazar E, Ferran M, Lopez-Ferrer A, Notario J, Vidal D, Riera J, et al.
Effectiveness and safety of ustekinumab 90 mg in patients weighing 100 kg or less:
A retrospective, observational, multicenter study. J Dermatolog Treat (2020) 31
(3):222–6. doi: 10.1080/09546634.2019.1597245

72. Pantano I, Iacono D, Favalli EG, Scalise G, Costa L, Caso F, et al.
Secukinumab efficacy in patients with psa is not dependent on patients’ body
mass index. Ann Rheum Dis (2022) 81(3):e42. doi: 10.1136/annrheumdis-2020-
217251

73. Giles JT, Ogdie A, Gomez Reino JJ, Helliwell P, Germino R, Stockert L, et al.
Impact of baseline body mass index on the efficacy and safety of tofacitinib in
patients with psoriatic arthritis. RMD Open (2021) 7(1). doi: 10.1136/rmdopen-
2020-001486

74. Cai J, Cui L, Wang Y, Li Y, Zhang X, Shi Y. Cardiometabolic comorbidities
in patients with psoriasis: Focusing on risk, biological therapy, and pathogenesis.
Front Pharmacol (2021) 12:774808. doi: 10.3389/fphar.2021.774808

75. Roubille C, Richer V, Starnino T, McCourt C, McFarlane A, Fleming P, et al.
The effects of tumour necrosis factor inhibitors, methotrexate, non-steroidal anti-
inflammatory drugs and corticosteroids on cardiovascular events in rheumatoid
arthritis, psoriasis and psoriatic arthritis: A systematic review and meta-analysis.
Ann Rheum Dis (2015) 74(3):480–9. doi: 10.1136/annrheumdis-2014-206624

76. Prodanovich S, Ma F, Taylor JR, Pezon C, Fasihi T, Kirsner RS.
Methotrexate reduces incidence of vascular diseases in veterans with psoriasis or
rheumatoid arthritis. J Am Acad Dermatol (2005) 52(2):262–7. doi: 10.1016/
j.jaad.2004.06.017

77. Micha R, Imamura F, Wyler von Ballmoos M, Solomon DH, Hernan MA,
Ridker PM, et al. Systematic review and meta-analysis of methotrexate use and risk
of cardiovascular disease. Am J Cardiol (2011) 108(9):1362–70. doi: 10.1016/
j.amjcard.2011.06.054

78. Yang ZS, Lin NN, Li L, Li Y. The effect of tnf inhibitors on cardiovascular
events in psoriasis and psoriatic arthritis: An updated meta-analysis. Clin Rev
Allergy Immunol (2016) 51(2):240–7. doi: 10.1007/s12016-016-8560-9

79. Poizeau F, Nowak E, Kerbrat S, Le Nautout B, Droitcourt C, Drici MD, et al.
Association between early severe cardiovascular events and the initiation of
treatment with the anti-interleukin 12/23p40 antibody ustekinumab. JAMA
Dermatol (2020) 156(11):1208– 15. doi: 10.1001/jamadermatol.2020.2977

80. Ait-Oufella H, Libby P, Tedgui A. Anticytokine immune therapy and
atherothrombotic cardiovascular risk. Arterioscler Thromb Vasc Biol (2019) 39
(8):1510–9. doi: 10.1161/ATVBAHA.119.311998

81. Nordlohne J, von Vietinghoff S. Interleukin 17a in atherosclerosis -
regulation and pathophysiologic effector function. Cytokine (2019) 122:154089.
doi: 10.1016/j.cyto.2017.06.016

82. Makavos G, Ikonomidis I, Andreadou I, Varoudi M, Kapniari I, Loukeri E,
et al. Effects of interleukin 17A inhibition on myocardial deformation and vascular
function in psoriasis. Can J Cardiol (2020) 36(1):100–11. doi: 10.1016/
j.cjca.2019.06.021

83. Langley RG, Papp K, Gottlieb AB, Krueger GG, Gordon KB, Williams D, et al.
Safety results from a pooled analysis of randomized, controlled phase ii and iii clinical
trials and interim data from an open-label extension trial of the interleukin-12/23
monoclonal antibody, briakinumab, in moderate to severe psoriasis. J Eur Acad
Dermatol Venereol (2013) 27(10):1252–61. doi: 10.1111/j.1468-3083.2012.04705.x
frontiersin.org

https://doi.org/10.1016/j.amjcard.2016.05.060
https://doi.org/10.1016/j.amjcard.2016.05.060
https://doi.org/10.1038/nature05485
https://doi.org/10.1016/S0140-6736(11)61931-4
https://doi.org/10.3390/jcm6070068
https://doi.org/10.1111/j.1600-0625.2010.01210.x
https://doi.org/10.3389/fendo.2020.606560
https://doi.org/10.1080/1744666X.2019.1543591
https://doi.org/10.1080/1744666X.2019.1543591
https://doi.org/10.3389/fimmu.2021.703119
https://doi.org/10.1111/j.1600-0625.2011.01261.x
https://doi.org/10.1136/annrheumdis-2016-209775
https://doi.org/10.1136/annrheumdis-2016-209775
https://doi.org/10.1136/annrheumdis-2013-203433
https://doi.org/10.1136/annrheumdis-2013-203433
https://doi.org/10.1016/j.jaad.2011.06.035
https://doi.org/10.1371/journal.pone.0036342
https://doi.org/10.1016/j.jaad.2018.11.058
https://doi.org/10.1111/jdv.15177
https://www.nice.org.uk/guidance/cg153/evidence/full-guideline-pdf-188351533
https://www.nice.org.uk/guidance/cg153/evidence/full-guideline-pdf-188351533
https://doi.org/10.1111/jdv.15340
https://doi.org/10.1093/eurjpc/zwab154
https://doi.org/10.1001/jamadermatol.2018.1412
https://doi.org/10.1007/s40261-017-0533-0
https://doi.org/10.1016/j.jacc.2021.02.009
https://doi.org/10.1001/jama.2022.4983
https://doi.org/10.7759/cureus.3491
https://doi.org/10.1136/annrheumdis-2013-204448
https://doi.org/10.1002/acr.21711
https://doi.org/10.1002/acr.21711
https://doi.org/10.1371/journal.pone.0195123
https://doi.org/10.1371/journal.pone.0195123
https://doi.org/10.1007/s12026-014-8595-z
https://doi.org/10.1093/rheumatology/kew326
https://doi.org/10.1080/09546634.2019.1597245
https://doi.org/10.1136/annrheumdis-2020-217251
https://doi.org/10.1136/annrheumdis-2020-217251
https://doi.org/10.1136/rmdopen-2020-001486
https://doi.org/10.1136/rmdopen-2020-001486
https://doi.org/10.3389/fphar.2021.774808
https://doi.org/10.1136/annrheumdis-2014-206624
https://doi.org/10.1016/j.jaad.2004.06.017
https://doi.org/10.1016/j.jaad.2004.06.017
https://doi.org/10.1016/j.amjcard.2011.06.054
https://doi.org/10.1016/j.amjcard.2011.06.054
https://doi.org/10.1007/s12016-016-8560-9
https://doi.org/10.1001/jamadermatol.2020.2977
https://doi.org/10.1161/ATVBAHA.119.311998
https://doi.org/10.1016/j.cyto.2017.06.016
https://doi.org/10.1016/j.cjca.2019.06.021
https://doi.org/10.1016/j.cjca.2019.06.021
https://doi.org/10.1111/j.1468-3083.2012.04705.x
https://doi.org/10.3389/fimmu.2022.970371
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Toussirot et al. 10.3389/fimmu.2022.970371
84. Hong JR, Jeong H, Kim H, Yang HS, Hong JY, Kim SM, et al. The potential
impact of systemic anti-inflammatory therapies in psoriasis on major adverse
cardiovascular events: A Korean nationwide cohort study. Sci Rep (2021) 11
(1):8588. doi: 10.1038/s41598-021-87766-y

85. Ytterberg SR, Bhatt DL, Mikuls TR, Koch GG, Fleischmann R, Rivas JL, et al.
Cardiovascular and cancer risk with tofacitinib in rheumatoid arthritis. N Engl J
Med (2022) 386(4):316–26. doi: 10.1056/NEJMoa2109927

86. Nash P, Coates LC, Kivitz AJ, Mease PJ, Gladman DD, Covarrubias-Cobos
JA, et al. Safety and efficacy of tofacitinib in patients with active psoriatic arthritis:
Interim analysis of opal balance, an open-label, long-term extension study.
Rheumatol Ther (2020) 7(3):553–80. doi: 10.1007/s40744-020-00209-4

87. Burmester GR, Winthrop K, Blanco R, Nash P, Goupille P, Azevedo VF,
et al. Safety profile of upadacitinib up to 3 years in psoriatic arthritis: An integrated
analysis of two pivotal phase 3 trials. Rheumatol Ther (2022) 9(2):521–39.
doi: 10.1007/s40744-021-00410-z
Frontiers in Immunology 09
88. Toussirot E,Mourot L, Dehecq B,WendlingD, Grandclement E, Dumoulin G,
et al. Tnfalpha blockade for inflammatory rheumatic diseases is associated with a
significant gain in android fat mass and has varying effects on adipokines: A 2-year
prospective study. Eur J Nutr (2014) 53(3):951–61. doi: 10.1007/s00394-013-0599-2

89. Costa L, Caso F, Atteno M, Del Puente A, Darda MA, Caso P, et al. Impact
of 24- month treatment with etanercept, adalimumab, or methotrexate on
metabolic syndrome components in a cohort of 210 psoriatic arthritis patients.
Clin Rheumatol (2014) 33(6):833– 9. doi: 10.1007/s10067-013-2369-1

90. Solomon DH, Love TJ, Canning C, Schneeweiss S. Risk of diabetes among
patients with rheumatoid arthritis, psoriatic arthritis and psoriasis. Ann Rheum Dis
(2010) 69(12):2114–7. doi: 10.1136/ard.2009.125476

91. Mosca M, Hong J, Hadeler E, Hakimi M, Brownstone N, Liao W, et al.
Psoriasis and cardiometabolic comorbidities: An evaluation of the impact of
systemic treatments in randomized clinical trials. Dermatol Ther (Heidelb)
(2021) 11(5):1497–520. doi: 10.1007/s13555-021-00590-0
frontiersin.org

https://doi.org/10.1038/s41598-021-87766-y
https://doi.org/10.1056/NEJMoa2109927
https://doi.org/10.1007/s40744-020-00209-4
https://doi.org/10.1007/s40744-021-00410-z
https://doi.org/10.1007/s00394-013-0599-2
https://doi.org/10.1007/s10067-013-2369-1
https://doi.org/10.1136/ard.2009.125476
https://doi.org/10.1007/s13555-021-00590-0
https://doi.org/10.3389/fimmu.2022.970371
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	The cardiometabolic conditions of psoriatic disease
	Introduction
	Cardiometabolic comorbidities in PsD
	CV diseases
	Obesity
	Diabetes, dyslipidemia and metabolic syndrome

	Pathogenic mechanisms involved in cardiometabolic diseases of PsD
	Clinical implications of cardiometabolic conditions in PsD
	Screening for cardiometabolic diseases
	Impact of metabolic diseases of PsD on the therapeutic response to targeted treatments
	Impact of systemic treatments on cardiometabolic diseases of PsD

	Conclusion
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


