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Summary. Psoriasis has been associated with several cardiometabolic comorbidities as well as clinically sig-
nificant increased risk of cardiovascular disease and mortality. Obesity seems to have a key role in linking pso-
riasis and cardiovascular disease. There are a growing number of epidemiological studies associating psoriasis
and obesity. The mechanism responsible for this association is not certain, but it is probably multifactorial,
involving genetic, environmental and immune-mediated factors. Nonetheless, the chronic inflammatory state
associated with obesity appears to be a key component of this relationship. Obesity is, therefore, a major factor
in the management of psoriatic patients, with implications in treatment efficacy and safety. Moreover, weight
loss has been shown to have a positive effect on psoriasis severity and response to treatment. The aim of this
review is to synthesize the current evidence on the association between psoriasis and obesity, exploring the
physiopathological mechanisms that link both diseases and highlighting the importance of obesity control
in the efficacy and safety of systemic treatment of psoriasis. All clinicians must be aware of this association,
so they can recognize it and provide the patients a proper follow-up and multidisciplinary approach when
needed. (www.actabiomedica.it)
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Introduction

Psoriasis is a chronic, immune-mediated inflam-
matory skin disease affecting 1.5 to 3.0% of the world’s
population (1). Disease onset can occur at any age,
however there are two peaks of onset: the first at 20-30
years and the second at 50-60 years. Men and women
are equally affected. The disease is more prevalent in
Caucasians in comparison to African Americans (2, 3).

Patients affected by psoriasis present a range of
clinical manifestations, which go from limited disease
manifestation to very extensive disease manifestation.
Psoriasis is characterized by erythematous, scaling
plaques and concurrent symptoms such as burning or
itching of the skin; the nails are affected in 35 to 50%
of cases (4, 5).

The implications of psoriasis in terms of patient
quality of life and social and economic costs to both
patients and health care systems are still issues of con-
cern for the management of the disease (6, 7). In the
past years, several epidemiological studies associated
psoriasis with multiple comorbidities, particularly car-
diovascular/metabolic diseases, such as hypertension,
diabetes mellitus type 11, dyslipidemia and obesity (8).
Moreover, psoriasis has also been linked to a higher risk
of cardiovascular mortality, especially among patients
with greater disease severity, possibly due to concomi-
tant systemic inflammation (9-11). Obesity seems to
have a central role in the process, as it is often strongly
associated with these cardiovascular risk factors.

The precise mechanism linking these two con-
ditions is not fully understood, but it is probably
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multifactorial, involving genetic, environmental and
immune-mediated factors, and with the chronic in-
flammatory state of obesity being a key component of
this association (12). Thus, obesity is nowadays consid-
ered to be a major factor on the management of psori-
atic patients (13, 14).

The objective of this review is to synthesize the
current evidence on the association between psoriasis
and obesity, exploring the physiopathological mecha-
nisms that link both diseases and highlighting the im-
portance of obesity control in the efficacy of systemic
treatment of psoriasis.

Obesity and psoriasis: current evidence

The association between psoriasis and obesity has
been the focus of several epidemiologic studies and re-
view articles over the last years (15). Lindegard first
described this association in 1986, as a result of a study
of 159,200 Swedish citizens over a 10-year period, re-
porting a higher prevalence of obesity in women with
psoriasis than in the female general population (16).
In 1995 Henseler and Christophers concluded that
obesity was one of the systemic disorders that often
affected psoriatic patients when analyzing data from
40,000 patients (17).

More recently, a growing number of studies con-
firmed this association, demonstrating that patients
with psoriasis are more frequently overweight (Body
Mass Index (BMI) 26 — 29 kg/m?) or obese (BMI > 30
kg/m?*) when compared with patients without psoriasis
(18-20). Some cross-sectional studies even noted that
the increase in BMI is related to higher psoriasis dis-
ease severity (20, 21).

In an Italian case-control study of 560 psoriatic
patients, obesity was found to be an independent risk
factor for the development of psoriasis, as the odds ra-
tio (OR) of having psoriasis were 1.6 (95% CI, 1.1-2.1)
and 1.9 (95% CI, 1.2-2.8) for overweighted and obese
patients, respectively, compared to non-obese control
individuals (18). A population-based study from the
UK consisting of 127,706 patients with mild psoriasis
and 3,854 patients with severe psoriasis demonstrated
higher adjusted odds of obesity in patients with severe
disease (OR 1.84; 95% CI, 1.60-2.11) than in patients
with mild disease (OR 1.3; 95% CI, 1.26-1.32) com-

pared with patients without psoriasis (21). In another
study, comprising 16,851 patients with psoriasis and
48,681 controls, obesity was present in 8.4% of the pso-
riatic patients as opposed to 3.6% of controls (p<0.001).
Moreover, after multivariate adjusting for age and other
confounders, patients younger than 35 years old were
more likely to be obese (OR 2.2; 95% CI, 1.7-2.7) than
patients older than 65 years old (OR 1.6; 95% CI, 1.4-
1.8), compared with normal controls (19).

In 2012, a systematic review and meta-analysis
of observational studies concerning the association
between psoriasis and obesity was published. 16 ob-
servational studies were selected and a total of 2.1
million study participants (201,831 psoriatic patients)
fulfilled the inclusion criteria. The pooled OR for
obesity among psoriatic patients was 1.66 (95% CI,
1.46-1.89) compared with those without psoriasis. Re-
garding psoriasis severity, the pooled OR for obesity
among patients with mild psoriasis was 1.46 (95% CI,
1.17-1.82) and among patients with severe psoriasis
was 2.23 (1.63-3.05). Moreover, an incidence study
showed that psoriatic patients have a hazard ratio of
1.18 (95% CI, 1.14-1.23) for new-onset obesity (22).
It was concluded that psoriatic patients have higher
prevalence and incidence of obesity, as well as patients
with severe disease have greater odds of obesity than
those with mild disease (15).

Interestingly, this association appears to be pre-
sent already at young age. In an international cross-
sectional study, developed by Paller e a/ to investigate
the relationship between excess and central obesity and
psoriasis in 409 psoriatic children and 205 controls
from 9 different countries, the OR for obesity (BMI
above the 95® percentile) in psoriatic children versus
controls was 4.29 (95% CI, 1.96-9.39), being higher
in severe psoriasis (4.92; 95% CI, 2.20-10.99) than in
mild psoriasis (3.60; 95% CI, 1.56-8.30). Moreover, an
increased central adiposity in the psoriasis group was
also found, since waist circumference and waist-to-
height ratio — two non-invasive surrogates for central
adiposity and more sensitive indicators for metabolic
disease than BMI percentile — were significantly high-
er in psoriatic children than in controls (23).

This data suggests that the association between
obesity and psoriasis may be in part genetically deter-
mined rather than uniquely acquired (Table 1).
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Table 1. Study outcomes on the association of psoriasis and obesity

Study Year  Study Study design Total number of patients ~ Obesity in Obesityin ~ Measure of association
setting Control Psoriasis control psoriasis
patients patients
Naldi 2005 Italy; Retrospective 690 560 BMI>30: BMI>30: BMI>30:
etal. (18) outpatients case-control 57 (8.3%) 71(12.0%)  AOR1.9(1.2-2.8)
Herron 2005  USA; Prospective 4080 557 Mean BMI of Mean BMIof OR 2.39 (1.98-2.90)
et al. (20) outpatients cross-sectional 26.2(SD5.1) 29.2(SD7.3)
Neimann 2006  UK; Prospectivel Control- ~ M.Ps: BMI >30 BMI >30 BMI >30
etal. (21) outpatients case-contro mild: 127 706 M.Ps:36117  M.Ps: 13404 M.Ps: OR 1.29 (1.26-1.32)
465 252 S.Ps: (13.1%) (15.8%) M.Ps: AOR 1.27 (1.24-1.31)
Control- 3854 S.Ps: 1093 S.Ps: 545 S.Ps: OR 1.84 (1.60-2.11)
severe: (13.0%) (20.7%) S.Ps: AOR 1.79 (1.55-2.05)
14 065
Cohen 2008 Israel; Retrospective 48 677 16 850 Obesity: Obesity: OR 2.4 (2.3-2.6)
etal. (19) outpatients case-control 1768 (3.6%)  1419(8.4%) AOR1.7(1.5-1.9)
Kaye 2008  UK; Prospective 219784 44 164 BMI >30: BMI >30: BMI 230:
etal. (22) outpatients nested 11996 (5.5%) 2760 (6.3%) HR1.18(1.14-1.23)
case-control;
incidence of
obesity
Paller 2013 International; Prospective 205 BMI>95* BMI>95% BMI>95 Percentile:
etal. (23) outpatients cross-sectional Percentile: Percentile: OR 4.29 (1.96-9.39)
(children 5-17 15 (7.3%) 83 (20.2%)
years old)

Abbreviations: M.Ps, mild psoriasis; S.Ps, severe psoriasis; AOR, adjusted odds ratio; OR, odds ratio; HR, hazard ratio; SD, standard deviation. Body Mass

Index (BMI) in kg/m?

Inflammation: the main link between obesity and
Ppsoriasis

Once described as a skin disease derived primar-
ily of epidermal keratinocyte proliferation, psoriasis is
now seen as a dysregulation of both innate and adap-
tive immune system, mediated by cytokines, decisive
to the initiation and maintenance of psoriatic plaques
(24). Lymphocytes T-helper (Th)-1 and Th-17 are
highly concentrated within the skin lesions and are
fundamental to disease expression, producing several
inflammatory cytokines such as interferon (IFN)-y,
tumor necrosis factor (TNF)-a, IL-2, IL-6, IL-17
and IL-22, essential to keratinocyte activation and
proliferation (25-27). Keratinocytes produce autocrin

growth factors and cytokines (TNF-a., IL-1, IL-6, IL-

8,1L-15, IL-20) that lead to further epidermal hyper-
plasia and recruitment of T-cells, thus sustaining and
amplifying the inflammatory responses and the psori-
atic lesions (28, 29) (Fig. 1).

Obesity is nowadays considered a low grade
chronic inflammatory disease, as several pro-inflam-
matory cytokines and adipokines are systemically in-
creased. This inflammatory activity of adipocytes can
partially explain the association between psoriasis and
obesity (30, 31).

Indeed, adipose tissue is currently considered an
active immune and endocrine organ taking part in a
variety of metabolic functions (32). Within adipose
tissue, there is evidence of an accumulation of acti-
vated inflammatory-type macrophages, that stimulates
the secretion of inflammatory mediators by adipocytes,
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Figure 1. Inflammatory mediators associating obesity, psoriasis and cardiovascular disease

thus perpetuating the inflammatory state (TNF-a,
IL-6, M-CSF -macropaghe colony-stimulating fac-
tor, MCP-1 — monocyte chemoattractant protein-1)
(33). Many of these cytokines play a role in psoriasis
inflammatory pathways. Adipocytes, especially those
in visceral adipose tissue, produce a group of bioac-
tive substances, named adipokines, which present en-
docrine, paracrine and autocrine activity and also hold
pro-inflammatory, thrombotic and vasoactive prop-
erties (32). The relationship between adipokines and
the establishment of metabolic syndrome lies within
their participation in several proatherogenic processes,
as they can induce obesity, insulin resistance, dyslipi-
demia, hypercoagulability, inflammation and endothe-
lial dysfunction (34). Different actions characterize the
existing wide range of adipokines. An increase in pro-

inflammatory adipokines (such as leptin and resistin)
is seen in psoriasis, however, a decrease in regulatory
adipokines (like adiponectin) is also noted (35, 36).
Leptin is produced primarily by adipocytes. Be-
yond regulating appetite and body weight, through the
transmission of afferent signals of nutritional and fat
mass status to the hypothalamus, leptin influences sev-
eral other metabolic processes, including neuroendo-
crine function, hematopoiesis and immune responses.
It participates in acute and chronic inflammatory pro-
cesses by regulating cytokine expression, which, in turn,
balances Th1 and Th2 cells, promoting the differentia-
tion of T cells into a Th1 phenotype (37). Leptin has
been shown to stimulate angiogenesis and keratinocyte
proliferation (38) and to promote macrophage activ-
ity, potentiating the production of several pro-inflam-
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matory cytokines such as TNF-a (37). Also, TNF-a
can cause circulating levels of leptin to increase, inde-
pendently from food intake (39). On the other hand,
hyperleptinemia is associated with cardiovascular
conditions like arterial thrombosis and intima-media
thickness of the common carotid artery (40). Research
has suggested that high levels of leptin in obese pa-
tients can contribute to psoriasis by increasing levels of
pro-inflammatory cytokines (41). In addition, a posi-
tive correlation was found between leptin and its recep-
tor’s expression and serum levels of leptin with psoriasis
severity and duration, suggesting that leptin may serve
as a marker of severity and chronicity of psoriasis (42).

Resistin is another adipokine linking psoriasis,
obesity and cardiovascular disease. It is produced by
monocytes and macrophages in adipose tissue and
peripheral blood. It has been shown that increased
resistin expression, along with the associated inflam-
mation, can be a predictor of endothelial dysfunction
and a sign for atherosclerosis. In addition, proinflam-
matory cytokines such as TNF-a, IL-1- § and IL-6
can increase resistin expression, which, in turn, up-
regulates the production of TNF-a and IL-12 (43).
There is evidence that plasma levels of resistin are
significantly increased in psoriasis and positively cor-
related with Psoriasis Area and Severity Index scores
(PASI scores). Following psoriasis’ treatment, its levels
were decreased, therefore suggesting that it might be
useful for evaluating disease activity (44).

Finally, adiponectin seems to be decreased in
obese psoriatic patients and to be inversely correlated
with psoriasis severity (45, 46). A recent investigation
showed that plasma levels of adiponectin are lower in
psoriasis, even after adjusting for cardiometabolic risk
factors known to decrease adiponectin levels, suggest-
ing that the inflammation present in psoriasis may be
associated with adipose tissue dysfunction (47). Adi-
ponectin has an important anti-inflammatory action
as it induces the secretion of IL.-10 and inhibits the
production of TNF-a., IL-6, IFN-y and ICAM-1 (in-
tercellular adhesion molecule 1) (48).

TNF-o and IL-6 are probably the most impor-
tant pro-inflammatory cytokines involved in the asso-
ciation between psoriasis and obesity. TNF-a is pro-
duced by monocytes and macrophages, lymphocytes,
mast cells, NK cells and keratinocytes and is a key cy-

tokine in psoriasis pathogenesis, being overexpressed
in lesion skin and serum of psoriatic patients (49). In
obese patients, TNF-a is believed to be mainly pro-
duced by the macrophages of stromal and vascular
adipose tissue. TNF-oo mRNA and TNF-o. protein
were found to be 2.5 and 2.0 times higher, respectively,
in adipocytes of obese patients compared to normal-
weight controls (50). In addition, TNF-a expression
in adipocytes of obese patients decreased when the
patient underwent a weight loss process (51). There
is also evidence of higher levels of circulating TNF-a
receptors in obese patients (52). Besides contributing
to insulin resistance, TNF-a increases its own produc-
tion and that of leptin, IL-6, resistin, and MCP-1,
while it down-regulates the levels of adiponectin (53).

Concerning IL-6, its systemic levels have been
found to be increased in psoriasis, particularly in pa-
tients with severe disease (54). IL-6 is one of the main
mediators of the chronic inflammatory state associated
with obesity, since adipocytes and macrophages are
involved in its production. About 30% of circulating
IL-6 is produced in stromal adipose tissue and the ex-
pression of IL-6 directly correlates with BMI and adi-
pose tissue (55). Furthermore, IL-6 is linked to insulin
resistance and diabetes mellitus type 11 (56), being a
possible link between psoriasis, obesity and cardiovas-
cular disease.

The bidirectional relationship between obesity and
psoriasis: which comes first?

The discussion about whether obesity or psoria-
sis is the predisposing factor is very common. But, in
truth, the relationship between these two entities is
probably bidirectional.

Several mechanisms have been proposed to ex-
plain why psoriasis might lead to obesity, including
decreased physical activity, increased social isolation,
depression, unhealthy dietary habits and increased
alcohol consumption. In fact, in a case-control study
it was found that both male and female psoriatic pa-
tients consumed more total fat, saturated fat and alco-
hol than the respective healthy controls (57). Recently,
it has also been shown that psoriatic patients exhibit
decreased levels of physical activity comparing to the
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general population (58). Physical activity may, in fact,
have an important role in psoriasis. It has been shown
that reduced physical activity is associated with an in-
creased risk of developing psoriasis. In a prospective
study with a large cohort of American women, vig-
orous physical activity was independently associated
with reduced risk of incident psoriasis, which remained
significant after adjustment for BMI, probably due to
the modulation of the chronic inflammatory state that
predisposes the development of psoriasis (59). Physi-
cal activity appears to have anti-inflammatory effects
independently of fat loss, as there is evidence that in-
creasing physical activity may reduce several inflam-
matory molecules, such as TNF-a, IL-6, INF-y and
C-reactive protein and elevate levels of anti-inflamma-
tory cytokines such as adiponectin (60, 61).

On the other hand, there is also evidence indi-
cating that obesity may predispose patients to the
development of psoriasis. In a study involving 78,626
women (of whom 892 reported having psoriasis), it
was shown that increased adiposity and weight gain
was associated with greater risk of developing psoria-
sis, with the incidence of psoriasis being linearly cor-
related with the BMI (62). Probably, the inflamma-
tory nature of obesity and the enhanced secretion of
pro-inflammatory cytokines and adipokines by visceral
fat, which play a role in psoriasis pathogenesis, may
predispose the development of psoriasis in genetically
susceptible patients.

Impact of obesity on the management of psoriatic
patients

Obesity has several implications in the manage-
ment of psoriatic patients (63, 64). There is evidence
that obesity decreases the response to systemic and bi-
ologic therapies, that obese patients are at greater risk
of adverse effects and that weight loss might improve
the response to therapy.

Increased body weight and BMI are associated
with decreased response to systemic therapies, mainly
those with fixed dose regimens (65). In an Italian co-
hort study, that analyzed the role of BMI in the clini-
cal response to systemic treatment for psoriasis, it was
found that BMI was a predictor of treatment response,

with PASI 75 response rate being inversely correlated
with increasing BMI (66).

Several studies have compared the therapeutic ef-
ficacy of fixed versus adjusted dose biologic therapies
in obese patients. Fixed dosed regimens of biologic
therapies are often associated with a compromised ef-
ficacy in heavier patients; studies showed an evident
relationship between increasing BMI and decreasing
response rates in clinical trials (67). This means that
body weight is a factor that should be considered in the
choice of therapeutic regimen, as adjusting the dose of
these biologic drugs according to weight can optimize
effectiveness and avoid excessive doses in patients with
lower weight.

Another important issue concerns the increased
risk of adverse effects to systemic psoriasis treatments
associated with obesity. Methotrexate hepatotoxic-
ity may be increased in obese psoriatic patients due
to nonalcoholic steatohepatitis, a comorbid condition
usually associated with obesity (68). Moreover, it has
been demonstrated that obesity may be a greater risk
factor for hepatotoxicity than alcohol or viral hepatitis
in patients with psoriasis treated with methotrexate,
particularly when associated with other risk factors
like diabetes mellitus (69). For this reason, obesity is
considered by some authors to be a relative contraindi-
cation to this treatment (68). Regarding cyclosporine,
caution is required in obese patients, since serum levels
of the drug are paradoxically high in this group, in-
creasing the risk of nephrotoxicity (70).

On the other hand, weight loss is crucial to im-
prove the response to therapy in obese psoriatic pa-
tients with moderate to severe disease, probably due to
the reduction of the inflammatory burden. Besides, it
also decreases the risk of toxicity and enhances effec-
tiveness of therapies (71). The first reports of psoriasis
improving with weight loss and caloric reduction date
back to malnourished prisoners during World War II
(72). Furthermore, in a trial of 82 patients with psoria-
sis, Rucevic ef a/ demonstrated that those randomized
to a low-calorie, low-fat diet for 4 weeks had a greater,
and statistically significant, improvement of their pso-
riasis, compared to patients randomized to undergo a
standard hospital diet, along with reduction in levels
of their total cholesterol, triglycerides and low-density
lipoproteins (73). In another study, undergoing a low-
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calorie diet improved the response of obese patients
with moderate to severe chronic plaque psoriasis to
low-dose cyclosporine therapy (74). Thus, decreased
caloric intake appears to have a beneficial effect on
psoriasis, since some studies have shown that caloric
restriction in obese subjects lowers the level of circulat-
ing inflammatory cytokines. Therefore, dietary weight
loss may certainly be recommended as a lifestyle
change by dermatologists for overweight and obese
psoriasis patients (75).

Finally, there are several isolated cases and small
series linking gastric bypass surgery and the conse-
quent weight loss to improvement of psoriasis severity,
probably due to the decrease of the inflammatory state
associated with obesity (76-78). Further investigation
is underway to establish the role of this therapy in the
management of psoriasis (79).

Conclusion

There is strong evidence of an association between
obesity and psoriasis and, as shown before, this has
several implications in psoriasis management. Several
factors may be involved in this association, such as ge-
netic, environmental or immune-mediated, but special
focus should be given to obesity-associated chronic in-
flammatory state.

Dermatologists have an important role in the
management of these patients, as they are often the
only physicians dealing directly with them. It is essen-
tial that they screen these patients for comorbidities
and refer to other specialties when needed, providing a
multidisciplinary approach to the condition. But, it is
also crucial that all other clinicians are aware of this as-
sociation so they can recognize it and provide a proper
follow-up.

Clinicians should take into consideration the ef-
ficacy and safety issues associated with obesity when
deciding the treatment for psoriatic patients. Healthy
lifestyles should be encouraged, including healthy eat-
ing habits, adequate physical activity, smoking cessa-
tion, and even weight loss when required. Together,
these measures can positively affect the prognosis of
patients with psoriasis, and should, therefore, be given
adequate emphasis in the management of the disease.
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