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The World Health Organization (WHO) reports psoriasis (PsO) as one of the five diseases that drastically influence
patients’ quality of life. PsO is a systemic, chronic inflammatory skin disease related to epidermal keratinocyte
hyperplasia and epidermal immune cell over-activation via the interleukin (IL)-23/IL-17 axis. It is one of the most
common chronic inflammatory skin diseases, with a prevalence of 1-2% worldwide, and almost 6—11% of patients

with PsO may have inflammatory arthropathy (psoriatic arthritis).

psoriasis sleep sleep disorders western diet diet

| 1. Sleep and Psoriasis

psoriasis (PsO) seems to affect sleep quality, and this clinical finding is also confirmed by extensive
epidemiological studies [LEIAIBIGIEIE10][11][12][13][14][15][16][17][18][191[20][21][22][23][24][25]  Recent studies displayed
that obstructive sleep apnea (OSA) patients doubled the risk of PsO and psoriatic arthritis (PsA) compared with
heathy ones [LUI2I13IIE] Tq fyrther confirm this trend, PsO patients were found to be at higher risk of OSA than the
general population using the apnea—hypopnea index (AHI) > 5 I, Researchers also observed an increase in the
prevalence of resting leg syndrome (RLS) in PsO, with 15.1% and 18% in PsO versus 5% and 10% in the general
populations in Europe and North America, respectively. Importantly, Chiu et al. 12 indicated that the concomitant
presence of OSA and PsO exposed patients to a higher risk of Major Adverse Cardiovascular Events (MACE),

especially ischemic heart attack and stroke.

Sleep disorders seem to be linked to PsO in a vicious circle in which one disease increases the risk of the other,
with inflammation as a pathogenic basis bi-directionally linking sleep disorders and PsO [221[26127][28][29][30][31][32](33]

[341[35][36I[37I[38I[39] | the PsO-to-sleep disorders directionality, there are various potential mechanisms through

which PsO can act on sleep. These mechanisms operate through both direct and indirect effects. The direct effects
are due to cutaneous symptoms present in PsO, such as pruritus, pain, burning sensations or, in the case of PsA,
inability to move [BILAUL8ILAN20021]140]  pryritus in PsO often exhibits and/or increases during the evening, since it is
regulated by circadian factors—for instance, lower cortisol levels and decreased epidermal barrier function—that
lower the threshold for pruritus [EI1811191201[211[22]123][24] |, addition, the skin plays an important role in sleep initiation,
as it acts on thermoregulation and the control of the body core temperature, which normally decreases in the late
evening. In contrast, these mechanisms result to be altered in PsO, where the skin diminishes the ability to

dissipate heat and exhibits altered thermoregulation BY. Instead, the indirect effects through which PsO contributes
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to the risk of sleep disorders may be attributable to psoriasis comorbidities that share with psoriasis a common
underlying inflammatory basis 28271281311 |n particular, diabetes and hypertension 2381381391 \were shown to be
associated with insomnia, while cardiovascular disease, diabetes, obesity and psychiatric disorders were
associated with OSA 7. At the same time, systemic inflammation triggered by several pathological conditions
such as OSA or even insomnia may trigger PsO flares and vice versa, thus a multidisciplinary evaluation in patients

with chronic inflammation should always be considered.

On the other hand, regarding psoriasis-related sleep disorders, recent studies suggested that a possible
pathogenetic mechanism could be the overproduction of oxygen radicals due to the massive pro-inflammatory
cytokines spill-over from the skin and other inflamed tissues “9. Their inhibition with biologics seems to restore the
oneiric dimension, by attenuating circadian rhythm dysregulation; from this perspective, also by properly treating
sleep disorders, it can be hypothesized that the possibility to develop PsO can be decreased, especially in patients

with positive family history.
1.1. Pro-Inflammatory Cytokines Shared between Sleep Disorders and Psoriasis

Common inflammatory networks are involved in the pathomechanisms underlying both sleep disorders and
psoriasis B4, In particular, pro-inflammatory cytokines such as TNF-a and IL-6 play a role in the pathogenesis of
psoriasis and are implicated in sleep regulation 2. These cytokines can be secreted by peripheral immune cells
and by astrocytes and microglia in the central nervous system in response to poor sleep quantity and quality during
the previous night, and produce the effect of daytime sleepiness, commonly seen in OSA. On the other hand, in
chronic insomnia, there is a shift in the timing of TNF and IL-6 secretion, eliciting a modification of the
hypothalamus—pituitary—adrenal axis and the hypersecretion of cortisol, that plays a role in increased wakefulness.
Therefore, it is well defined that sleep deprivation can affect the immunological integrity and nocturnal secretion of
cytokines, increasing the risk of PsO. Hirotsu et al. [ examined the influence of sleep loss in an animal model of
PsO by measuring cytokine and stress-related hormone levels. Male adult Balb/C mice with or without PsO were
subjected to 48 h of selective paradoxical sleep deprivation. Sleep deprivation enhanced the activities of serine
proteases—Kkallikrein-5 and kallikrein-7—which led to desquamation in the skin of psoriatic groups. In addition,
mice with PsO had significant increases in specific pro-inflammatory cytokines (IL-1(3, IL-6 and IL-12) and
decreases in the anti-inflammatory cytokine (IL-10) after sleep deprivation, which were normalized after 48 h of
sleep rebound. Another cytokine in common between sleep disorders and PsO is vascular endothelial growth factor
(VEGF). Its levels are elevated in patients with severe OSA and stimulate angiogenesis and inflammation in
psoriatic skin 4243 Moreover, studies observed that both PsO and sleep deprivation are associated with reduced
levels of adiponectin, an anti-inflammatory adipokine, or increased ghrelin and decreased leptin levels, an
imbalance leading to a raised feeling of hunger and appetite that increases caloric intake and subsequently the risk
of overweight or obesity conditions [#4l. Obesity remains one of main comorbidities associated with both PsO and

sleep disorders, suggesting a potential common pathomechanism.

1.2. Effects of Conventional and Biological Psoriasis Therapy on Sleep Disorders
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Interestingly, conventional therapies may also influence sleep quality. In fact, cyclosporin improves sleep with a fast
efficacy in skin lesions 3, and methotrexate is slower but also acts on joint pain in PsA patients 8: conversely,

acitretin may de-regulate the circadian rhythm, causing insomnia 42,

To date, the impact of biological treatment (or immunotherapy) on sleep outcomes in PsO patients is poorly
considered in clinical research (23, Nevertheless, Thaci and colleagues [ examined PsO patients with PASI
greater than 10 that deserved biological therapy (etanercept) and observed them for 24 weeks, also checking sleep
parameters. They concluded that by antagonizing TNF-alpha, sleep quality drastically improved in these patients,
and the current results may sustain the hypothesis that systemic inflammation may trigger/elicit or even maintain

sleep disorders.

Vgontzas et al. 4 further confirmed a role of TNF-alpha in the pathogenesis of OSA by treating these patients with
etanercept, obtaining greater results than with continuous positive airway pressure. Interestingly, Strober et al.
tested another TNF-alpha inhibitor, namely, adamilumab, for 16 weeks, finding that beside DLQI and PASI, it also
improved sleep quality in PsO patients. Remarkably, no animal models are available, and the cause—effect relation
between TNF-alpha inhibition and sleep remains to be further demonstrated, since DLQI and PASI improvements
may condition sleep quality. Beside direct and indirect PsO-related influence on sleep quality, these data suggest

the pathogenic role of inflammatory molecules in the link between PsO and sleep disorders [281[49150151](52][53][54]

Interestingly, no data are present in the literature about sleep quality and inhibitors of the IL-17/IL-23 pathway.
Sleep quality in PsSA patients is associated with the extinguishment of joint pain, CRP and disease duration, as well
as, in PsO patients, cutaneous severity, duration and patient age €. Thus, anti-psoriatic drug efficacy is the main

sleep modulator.

| 2. Western Diet and Psoriasis

Recently, the western diet has started to be regarded as a prominent modulator of PsO severity and even as a risk
factor for its development B3I56I571 Thijs dietary pattern, which has spread with the industrial revolution and the
Modern Age, is characterized by being rich in saturated fats, trans fatty acids (FAs) and n-6 FAs, refined
carbohydrates and salt, and reduced intake of n-3 FAs and monounsaturated fatty acids (MUFASs), as well as
antioxidants, due to the high intake of red meat, dairies and sugars, and low intake of vegetables and fruits [58](59],
Solid evidence links this diet to the development of metabolic diseases including obesity and type 2 diabetes, as
well as atherosclerosis, neurodegeneration and cancer, through mechanisms involving the instigation of chronic
inflammation, oxidative stress and alterations in gut microbiota (dysbiosis) 2. Patients with PsO presented
unbalanced dietary habits resembling the western diet, as testified by their dysmetabolism clinically manifesting in
obesity, metabolic syndrome and dysplipidemia 1. This dietary habit was directly associated with the increased
cardiometabolic risk profile, inflammatory markers and clinical severity of PsO 81, On the contrary, PsO patients
showed lower adherence to the Mediterranean diet, a popular and effective anti-oxidant diet, which was inversely
correlated with inflammatory markers and PsO severity 2. Since none of the single food components show to
exert specific effects on the pathogenesis of PsQ, it is reasonable to sustain that the biological anti-psoriatic effect

is exerted by the food pattern, in other words, by the diet.
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However, single foods in a diet should be carefully chosen in terms of nutrient richness and quality; for example,
dietary lipids are essential to maintain cutaneous homeostasis and modulate skin immune and endocrine systems
[62163] The composition of fatty acids (FAs) in dietary lipids significantly differs among dietary patterns. In the
western diet, there is a very high intake of calories derived from fried products, butter and processed meat to the
disadvantage of fish, nuts, fruits and vegetables. As such, saturated fatty acid (SFA) intake is elevated through the
consumption of meat, butter and palm oil, while the intake of n-3 PUFAs, such as a-linolenic acid (18:3),
eicosapentaenoic acid (EPA; 20:5) and docosahexaenoic acid (DHA; 22:6), which can be found in fish and nuts, is
low. This fatty acid profile contributes to the negative health outcomes associated with the western diet by
increasing the risk of dyslipidemia, obesity, diabetes or cardiovascular diseases, as well as total mortality 641,

Dietary SFAs represent a major risk factor for PsO exacerbation, even independently of obesity. In PsO patients,
the serum levels of free FAs were associated with disease severity 63, Furthermore, by introducing SFAs in the

diet elicited a psoriatic flare in mice, suggesting the prominent pro-inflammatory role exerted by the western diet
fss],

Interestingly, n-3 PUFAs play a key anti-inflammatory role in rodents (i.e., mice and rats), as well as in humans.
Interestingly, PASI inversely correlates with the serum level of n-3 PUFA, and the SFA/unsaturated FA ratio

increases with the duration of the disease [€€l.

2.1. Effects of Western Diet and Psoriasis on Microbiota

The perturbation of gut and/or skin microbiota may trigger systemic inflammation or even a flare of a pre-existent
inflammatory condition (i.e., PsO) through pathobiont colonies increase M4AESIBAIEA6E]  Dyring cutaneous
inflammation, antimicrobial peptide release becomes less effective, and the interaction between bacteria and
immune system, more frequent, thus acting as inflammatory triggers (i.e., Staphylococcus aureus) 2. PsO
patients exhibited a depletion of Corynebacterium spp., Lactobacillus spp., Burkholderis spp. and
Propionibacterium acnes in cutaneous microbiota, as well as Faecalibacterium prausnitzii and Akkermansia
muciniphila in gut microbiota. Conversely, Firmicutes and Actinobacteria spp. proliferated in the gut mucosa,
reducing the pool of microbes capable of producing short chain fatty acids (SCFAs) LAIZUI2 Thys, microbiota
represent the living, dynamic filter of dietetic nutrients, and its unbalance may have pro-inflammatory effects. This
idea received a proof of concept with the clinical study by Deng et al., in which they described the beneficial role of
specific probiotics (Bifidobacterium infantis 35,624 and Lactobacillus pentosus GMNL-77) in decreasing

imiquimod(IMQ)-induced psoriasiform eczema and its systemic inflammation (i.e., TNF-a and IL-6) [Z3I[741[75],

Several studies suggested the influence of environmental factors such as dietary composition and, in particular, the
western diet on microbial community and function L8748 The western diet was associated with intestinal barrier
disruption and gut dyshiosis with an altered profile of bacterially produced metabolites, resulting in metabolic

endotoxemia, immune system deregulation and systemic inflammation 291,
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Since the IL-17/1I-23 pathway represents a bridge between innate and adaptive immunity against microbes, its
modulation by nutrients is of particular interest. With specific regards to psoriasis, in a recent study in an IL-23—
mediated model of PsO and PsA, Shi et al. revealed that a short-term western diet intake exacerbated both
intestinal dysbiosis as well as psoriasis-like skin and joint inflammation #2. Assuming that diet and inflammation
may influence gut dysbiosis, they proved that, by switching from the western to a normal diet or even treating with
broad spectrum antibiotics, IL-23-induced skin and joint inflammation mitigated. Furthermore, fecal microbiota
transplantation from western-diet-fed donors into mice pretreated with broad-spectrum antibiotics revealed that gut
microbiota triggered yd T-cell infiltration into the dermis. Thus, microbiota modulation may be the key to also

improve drug response in psoriatic patients.

The high-fat diet (HFD), as well as the western diet, was associated with lower microbial production of SCFAs,
including butyrate, propionate and acetate, which are fermentation products of dietary fibers produced in the colon
and are able to exert systemic effects, including at the skin level. Interestingly, SCFAs can be also produced by
commensal bacteria in the skin 2. A protective role of SCFAs against PsO was shown by several lines of
evidence. SCFAs are able to (1) promote T-reg differentiation, activation and function; (2) inhibit the intestinal
dendritic-cell production of IL-23 while inducing the expression of anti-inflammatory genes; (3) reduce skin
inflammation in a mouse model of PsO, as well as downregulate IL-17 expression, and induce IL-10 and Foxp3

expression in animal and human psoriatic skin lesions 89,

| 3. How Lipids Influence Immune System Responses
3.1. Inflammasomes

Several studies demonstrated that macronutrients typical of the western diet, including SFAs, are able to induce
and/or amplify pro-inflammatory responses involved in PsO development and progression [BHB2IE3] |nterestingly,
IMQ-treated mice subjected to a HFD presented more severe clinical and histological (micro-abscesses and
scaling) PsO than the ones following a regular diet. The HFD was responsible for the pathological activation of the
nucleotide-binding domain, leucine-rich repeats containing family, pyrin domain-containing-3 (NLRP3)
inflammasome. Inflammasomes are cytoplasmic multiprotein complexes for intracellular signaling that activate IL-
10 via caspase-1, in response to different triggers (i.e., trauma or infections). Inflammasome activation was linked
to the pathogenesis of metabolic and cardiovascular disease and is genetically associated with PsO B4, Recent
findings reported evidence of NLRP3 inflammasome activation in peripheral blood cells in PsO patients, in parallel
with increased caspase-1 reactivity and serum levels of inflammasome-generated IL-1B and IL-18 B3, TNF-a
inhibitors are capable to turn off the inflammasome, as testified by the decreased plasmatic levels of IL-1p 2], thus
suggesting a role of TNF-a-mediated NLRP3 inflammasome activation in patients with PsO and its contribution to
systemic inflammation. In imiquimod(IMQ) mice, the HFD, but not the regular diet, increased the expression of
activated caspase-1 and IL-1f3 in the skin. The HFD is also a strong activator of the IL-17 pathway, as testified by

higher levels of IL-17A in both the dermis and serum of IMQ-treated mice.
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