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Abstract: Psoriasis is a chronic inflammatory skin disease. Immunological, genetic, and environmen-
tal factors, including diet, play a part in the pathogenesis of psoriasis. Metabolic syndrome or its
components are frequent co-morbidities in persons with psoriasis. A change of eating habits can
improve the quality of life of patients by relieving skin lesions and by reducing the risk of other
diseases. A low-energy diet is recommended for patients with excess body weight. Persons suffering
from psoriasis should limit the intake of saturated fatty acids and replace them with polyunsaturated
fatty acids from the omega-3 family, which have an anti-inflammatory effect. In diet therapy for
persons with psoriasis, the introduction of antioxidants such as vitamin A, vitamin C, vitamin E,
carotenoids, flavonoids, and selenium is extremely important. Vitamin D supplementation is also
recommended. Some authors suggest that alternative diets have a positive effect on the course of
psoriasis. These diets include: a gluten-free diet, a vegetarian diet, and a Mediterranean diet. Diet
therapy for patients with psoriasis should also be tailored to pharmacological treatment. For instance,
folic acid supplementation is introduced in persons taking methotrexate. The purpose of this paper is
to discuss in detail the nutritional recommendations for persons with psoriasis.
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1. Introduction

Psoriasis is one of the most common inflammatory skin diseases [1]. As estimated
by the WHO (World Health Organization), this dermatosis affects 0.09-11.43% of the
global population, and the number of patients varies from 1.50% to 5.00% in developed
countries [2] It consists of abnormal hyperplasia of keratinocytes (epidermal cells), which
leads to the formation of psoriatic plaques [3].

It is a chronic disease in which we can observe periods of spontaneous regression
followed by relapses [1]. The disease affects the skin but is also a systemic disease [3].

Immune disorders, which lead to increased pro-inflammatory cytokine production,
contribute to the pathogenesis of psoriasis. An increase in the activity of Th1, Th17, and
Th22 lymphocytes leads to the production of pro-inflammatory factors in excessive amounts.
These factors include: C-reactive protein (CRP), interleukins 1, 2, 6, 8, 12, 17, 22, 23 (IL),
interferon vy (IFN-y), tumour necrosis factor (TNF-«), ceruloplasmin, o«2-macroglobulin,
al-antitrypsin, and others. Concentration of these factors is increased both in the acute
phase of psoriasis and in remission [1,3,4]. TNF-« plays a key role in the pathogenesis of
psoriasis due to its stimulating effect on the proliferation of keratinocytes [5].

Apart from immune disorders, genetic and environmental factors also play a part
in the pathogenesis of the disease [1]. Among other things, a relationship between the
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occurrence of psoriasis and genes in the HLA complex (in particular HLA-Cw®6) has been
demonstrated. However, it is often the case that the disease never develops in people
carrying psoriasis-related genes [1,6].

The environmental factors that can lead to the manifestation of psoriasis or escalation
of lesions are as follows [4,6]:

e  physical factors (X-rays, subcutaneous and intradermal injections, surgical procedures,
vaccinations, tattoos, insect bites, abrasions, burns (including sunburns), acupuncture,
UV irradiation);

chemical factors (chemical burns, topical treatments, others);

skin diseases (rosacea, fungal infections, allergic contact dermatitis);

infections (mainly streptococcal pharyngitis, viral infections);

stress;

medications ([3-adrenolytics, angiotensin-converting enzyme inhibitors, lithium, terbinafine,
nonsteroidal anti-inflammatory drugs, anti-malarial drugs, tetracyclines, rapid with-
drawal of systemic corticosteroids);

diet;

tobacco smoking;

alcohol consumption.

Despite numerous studies, the etiopathogenesis of psoriasis has not been fully ex-
plained [1,7]. It is complex and ambiguous. The above-mentioned factors (immunological,
genetic, and environmental) influence the development and severity of this dermatosis to
varying degrees. Moreover, it is worth noticing the connection between psoriasis and other
diseases [8,9].

Psoriasis is a systemic disease often accompanied by other diseases, e.g., metabolic
syndrome and cardiovascular diseases [5,8,10,11]. It is estimated that persons suffering
from psoriasis live five years less on average compared to healthy people. The most
common causes of death in patients with psoriasis include thromboembolic events and
myocardial infarction [10,11].

The chronic inflammatory process is the element that links psoriasis with its co-
morbidities [5,7,8,11].

2. Metabolic Syndrome

Metabolic syndrome and its components, which include abdominal obesity, athero-
genic dyslipidaemia, insulin resistance, impaired glucose tolerance or type 2 diabetes, and
hypertension, are observed more frequently in persons with psoriasis than in the general
population [8,12,13]. Some people also count the following among the symptoms: hyperho-
mocysteinaemia, increased concentration of procoagulant factors, microalbuminuria, and
non-alcoholic fatty liver disease [1,14,15].

In a population-based cross-sectional study by Langan et al. [16], 34% of persons with
psoriasis and 26% of the control group had metabolic syndrome. A positive relationship
between the occurrence of metabolic syndrome and the severity of psoriasis (determined by
the BSA—Body Surface Area indicator) was also observed. In the studied group, metabolic
syndrome was diagnosed in: 32% of patients with mild psoriasis, 36% of those with
moderate psoriasis, and as many as 40% of those with a serious form of dermatosis [16].
Thus, the metabolic syndrome is more likely to affect patients with moderate to severe
psoriasis, especially patients who developed the disease at a young age [1,16].

Pro-inflammatory cytokines as well as Th1 and Th17 lymphocytes play an important
role in psoriasis. Levels of cytokines such as IL-6, TNF-«, angiogenic factors, and adhesion
molecules are elevated in obesity psoriasis and ischaemic heart disease. In addition, these
inflammatory mediators have been shown to influence fat deposition, insulin action, and
lipid metabolism. Thus, chronic inflammation in psoriasis may predispose to diabetes,
atherosclerosis, and obesity. On the other hand, inflammatory mediators, whose production
accompanies metabolic disorders, may initiate the manifestation of psoriatic lesions or
exacerbate existing psoriatic symptoms [10,17].
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In patients with psoriasis, TNF-« is found in blood serum and skin lesions, while
it is absent in healthy skin. TNF-« is also secreted in adipocytes and has a role in the
development of insulin resistance. In addition, the presence of TNF-« leads to an increase
in the concentration of free fatty acids and triglycerides in the blood, which may cause
atherogenic dyslipidaemia [10,18].

IL-6, found in high concentrations in psoriatic lesions, also plays an important role
in metabolic disorders. Its production is three times higher in visceral adipose tissue than
in subcutaneous adipose tissue and correlates with the possibility of developing type
2 diabetes. Moreover, elevated IL-6 levels are also found in patients with unstable coronary
artery disease [10,18].

3. Obesity

Persons suffering from psoriasis are more often overweight or obese compared to the
general population [1,19,20].

In the meta-analysis of 18 studies carried out by Armstrong et al. [19], which covered
over 200,000 persons suffering from psoriasis, it was calculated that the risk of obesity
is over 50% higher in patients with psoriasis compared to those without the disease. In
patients with more serious forms of psoriasis, the risk of obesity is higher compared to mild
forms of the disease. In addition, patients with normal body weight and psoriasis have a
higher risk of becoming obese in the future [19].

Obesity (especially android obesity) promotes the occurrence of psoriasis and worsens
its course. On the other hand, psoriasis increases the risk of obesity. Moreover, the
more severe the lesions, the higher the risk of obesity is; as BMI increases, the risk of
psoriatic arthritis increases [1,6,10,11,14,20]. It has been observed that a body mass index
(BMI) > 29 kg/m? is associated with a more than two-fold-increased risk of psoriasis.
Furthermore, the severity of psoriatic symptoms is correlated with an increase in BMI [1,20].

BMI is not an ideal indicator for assessing a patient’s nutritional status, as it does not
take into account body composition and body fat distribution. Such parameters can be
assessed, for example, by using the bioelectrical impedance (BIA) or dual energy X-ray
absorptiometry (DXA). In a study by Galluzzo et al. [21], body composition analysis by
bioelectrical impedance analysis (BIA) was performed in a group of 164 patients with
psoriasis. In that study, 22.50% of men and 5.50% of women with a BMI indicating normal
weight and 50% of men and 50% of women with a BMI suggesting overweight were obese
according to body fat percentage. This indicates the much greater diagnostic value of the
BIA method compared to BMI alone.

Similar results were obtained by Diniz et al. [22]; however, in this study in 42 patients
with psoriasis and 41 controls, body weight was measured by DXA. In both study groups,
DEXA showed a higher prevalence of obesity compared to BMI and waist circumference.

Blake et al. [23] performed a systematic review of 25 research papers on the relationship
between psoriasis and body composition, measured by various methods (BIA, DXA, CT—
computed tomography, and others). Their conclusion was that the presence of psoriasis is
associated with higher levels of body fat, visceral fat, and reduced muscle mass.

When assessing the nutritional status of patients with psoriasis, it is also worth
considering the phase angle measured by BIA. The phase angle allows the assessment
of cell size and cell membrane integrity as well as lean body mass and tissue hydration.
A decrease in phase angle values suggests cell membrane breakdown and a decrease
in intracellular water, while a larger phase angle reflects greater amounts of intact cell
membranes and lean body mass. Phase angle may be a predictive marker of mortality in
many chronic diseases. Decreased phase angle may be associated with metabolic syndrome
and its components [24]. The study by Barrea et al. [24] showed that the phase angle in
patients was lower compared to the control group. Phase angle values were correlated with
psoriasis patients” quality of life, disease severity, and the presence of metabolic syndrome.
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Studies have shown that when obesity and the HLA-Cw6 gene coexist, the risk of
developing psoriasis increases 35-fold compared with the risk in individuals free of these
factors [1].

Adipose tissue is the largest endocrine organ, where many proinflammatory cytokines
(e.g., IL-6, TNF-o) and bioactive factors called adipokines are produced. These are not
only related to metabolic disturbances but may also be responsible for the severity of the
psoriatic process [14,15,17,25].

In patients with a severe course of the disease, increased blood levels of pro-inflammatory
adipokines (e.g., leptin, visfatin, chemerin) are observed, and during remission their levels
decrease. In contrast, anti-inflammatory adipokines (omentin and adiponectin) inhibit
the development of psoriatic lesions. Serum levels of these anti-inflammatory factors are
significantly lower in patients with severe disease compared to patients with mild forms of
psoriasis [1,15].

The higher prevalence of obesity in psoriasis patients may be related not only to
the overproduction of pro-inflammatory factors, but also to the fact that psoriasis is often
accompanied by stigma and prolonged stress, which often lead to reduced levels of physical
activity as well as adverse changes in eating habits and broader lifestyle. These, in turn,
may contribute to weight gain [26,27].

On the other hand, obesity may contribute to lower self-esteem, increased stress levels,
and even the development or worsening of depression and anxiety disorders [26]. The
relationship between psoriasis and obesity in a psychological context is shown in Figure 1.

obesit symptoms of
/ Y psoriasis

increase in
body weight

sense of shame,
stigmatisation,

reduced self-
stres esteem

—

Figure 1. The correlation between psoriasis and obesity in a psychological context (own elaboration
based on [26]).

Moreover, psoriasis, together with comorbidities (including obesity), leads to a chronic
inflammatory process, changes in glucose metabolism, and subsequent development of
atherosclerosis and cardiovascular disease. The association of these changes is illustrated
by the concept of the so-called “psoriatic march” (Figure 2) [1,17].

To date, no single specific reason for the association between the prevalence of
metabolic disorders and psoriasis has been established. However, this relationship has
been confirmed by many studies, so every patient with psoriasis should be diagnosed
for these conditions, as early implementation of appropriate treatment can prevent the
development of these diseases; in addition, dermatologists can play an important role in
the early diagnosis and evaluation of metabolic disorders [5,15,28].

Thus, in patients with psoriasis the following is recommended [1,13,15]:

body weight assessment;

BMI assessment;

assessment of waist/hip ratio (WHR);

fasting blood glucose determination at least once a year;
more frequent testing for hypertension;
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determination of serum lipids;

determination of serum uric acid and liver enzymes;

in patients with other cardiovascular risk factors (e.g., hypertension, obesity), perform-
ing an Oral Glucose Tolerance Test (OGTT).

Genetic factors are responsible for the occurrence of psoriasis, yet the manifestation
of lesions is determined by environmental factors such as infections, stress, and diet.
Therefore, a change of eating habits can significantly improve the quality of life of patients,
both through a beneficial effect on psoriatic lesions and through reducing the risk of other
diseases, e.g., cardiovascular events [14,29].

genetic factors environmental factors
psoriasis obesity
b
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—H\ systemic inflammation

A

insulin resistance
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|
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< endothelial dysfunction \ju
—~— ___/
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Figure 2. Diagram of the relationship between psoriasis and cardiovascular disease, according to the
“psoriasis march” concept (own elaboration based on [1,17]).

A severe course of psoriasis can be associated with nutritional deficiencies caused by
faster loss of nutrients, resulting in exfoliation of the affected epidermis [29].

The diet and nutritional status of the patient affect the severity of psoriasis, its course,
and the body’s response to pharmacological therapy [11,30].

4. Low-Energy Diet in the Treatment of Psoriasis

Obesity maintains systemic inflammation in the body, which can contribute to the
intensification of psoriasis symptoms [3]. It is not known, however, whether obesity is a
consequence of psoriasis or a risk factor for developing this dermatosis. It is suggested that
this relationship is two-way. Obesity is a predisposing factor for psoriasis and intensification
of its symptoms, and psoriasis promotes the development of obesity [3,29].
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It was observed that a BMI (Body Mass Index) > 29 kg/ m? more than doubles the risk
of developing this disease, and a reduction in body mass contributes to a reduction of blood
serum inflammatory factors, significantly improves the course of the disease, and causes
faster regression of psoriatic lesions compared to persons not following the diet [1,14,30].

A randomised study by Jensen et al. [31] proved that a low-energy diet (of 800—
1000 kcal/day) followed for a period of up to 8 weeks contributes both to body weight
loss (15 kg on average) and to reducing lesions and even improving the Dermatology Life
Quality Index (DLQI) [31]. Furthermore, in the following publication, Jansen et al. [32]
presented the results of continuing the programme for the next 48 weeks after cessation of
the low-energy diet. Although the patients’ body weight increased by 4.90 kg on average
compared to the results obtained immediately after implementing a low energy diet, the
PASI (Psoriasis Area and Severity Index) was further reduced [32].

An increased risk of side effects is observed in systemically treated obese patients,
and body mass reduction leads to a decrease in toxicity of medications and an increase
in their effectiveness [29]. A study by Gisondi et al. [33] showed that in obese patients, a
5-10 percent body mass reduction improves the therapeutic response to treatment with
cyclosporine A (at a dose of 2.50 mg/kg b.w./day) [33]. Therefore, persons who follow
dietary recommendations can reduce the dose of medication, and, consequently, reduce
the side effects, including nephrotoxicity [11,30,33]. In turn, in the case of patients after
successful therapy with methotrexate, a low-energy diet contributes to prolonged remission
of psoriatic symptoms [14]. In persons using biologic medicines and a low-energy diet at
the same time, greater relief of psoriatic symptoms was observed (greater improvement in
PASI and BSA) compared to the group that underwent biological therapy only, without
diet modifications [30].

Thus, in patients with psoriasis, a low-energy diet combined with regular physical
activity and possible psychological support focused on patient motivation can complement
their therapy [3,4,30,34].

5. Selection of Fatty Acids

Selection of the right types of fat plays an important role in the diet of patients with
psoriasis. A diet rich in saturated fatty acids found in animal products can increase the
risk of cardiovascular diseases. In contrast, consumption of unsaturated fatty acids can
contribute to a reduction of the risk of immunometabolic diseases [11].

Monounsaturated fatty acids (MUFA), including oleic acid, protect lipoproteins and
cell membranes against harmful oxidative effects. Extra virgin olive oil is a good source of
oleic acid [29].

Polyunsaturated fatty acids (PUFA) are not synthesised in the human body so they
need to come from food. This group of fatty acids is divided into omega-3 and omega-6
acids. Among fatty acids from the omega-3 family are: «-linolenic acid (ALA), eicosapen-
taenoic acid (EPA), docosapentaenoic acid (DPA), and docosahexaenoic acid (DHA). The
group of omega-6 acids includes linoleic acid (LA) and arachidonic acid (AA) [35].

Polyunsaturated fatty acids are involved in the synthesis of anti-inflammatory or
pro-inflammatory compounds. Omega-3 acids have an anti-inflammatory effect, while
acids from the omega-6 family have a pro-inflammatory effect [6,14]. For instance, eicos-
apentaenoic acid competes with arachidonic acid to bind to COX-2 (cyclooxygenase-2)
and is a substrate for the synthesis of PGE3 (3-series prostaglandins) and LTB5 (5-series
leukotrienes), which have an anti-inflammatory effect. Omega-6 fatty acids have a stimu-
lating effect on the synthesis of pro-inflammatory TNF«, IL-1, and IL-8 [14,34,36,37].

I'-linolenic acid also belongs to the omega-6 family. However, it is the only one in this
group to have an anti-inflammatory effect [14,34].

The diet for patients with psoriasis should be rich in omega-3 fatty acids, while omega-
6 acids should be limited [4]. The ratio of fatty acids consumed from the omega-3 and
omega-6 acid families should be balanced and amount to 1:1.80 (according to the United
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States National Institutes of Health Panel) [38]. Other reports suggest that this ratio should
be from 1:3 to 1:5 [11,14,35].

A positive relationship between the severity of psoriasis and the ratio of omega-
6/omega-3 was noted, and a negative one between PASI as well as EPA and DHA concen-
tration [11].

Patients suffering from psoriasis experience disruption of the unsaturated fatty acid
pathway [11,14,34]. Tissue-damaging factors (e.g., topical drugs, UV radiation, bradykinins,
histamine, etc.) can stimulate phospholipases in the epidermis. Phospholipase A2 has the
ability to release arachidonic acid from cell membranes and initiate its metabolism into
pro-inflammatory factors (leukotrienes and prostaglandins). The lipid profile influences
changes in eicosanoid and lipid synthesis in psoriatic skin lesions. Increased levels of
phospholipase A2 as well as arachidonic acid and its metabolites are found in psoriatic
plaques. These factors may increase epidermal cell proliferation and inflammation [39,40].

In addition, omega-3 acids are used to prevent and treat metabolic disorders that
often co-occur with psoriasis. Among other things, they have an anti-diabetic effect and
also contribute to the improvement of the lipid profile. Moreover, they are a substrate in
the process of synthesis of serotonin and dopamine, whereby they are shown to have an
antidepressant effect [35].

A low-energy diet (20 kcal/kg of ideal body weight/day) with omega-3 supplemen-
tation in patients with psoriasis and obesity improves the metabolic profile and increases
the effectiveness of immunomodulatory treatment, which leads to a reduction in PASI and
improvement of the quality of life [14].

In the study by Barrea et al. [41], an analysis of fatty acid content in diet was carried
out through assessment of seven daily food rations of 41 men with psoriasis compared to a
control group. A higher intake of omega-6 acids and lower intake of omega-3 acids was
shown in patients with psoriasis compared to the control group. Moreover, an abnormal
ratio of omega-6 to omega-3 acids correlated with a higher PASI [41].

Also, in people suffering from psoriasis, after starting a diet with large amounts of
marine fish (salmon, mackerel, herring, sardines) an increase in EPA concentration was
observed in blood serum along with improvement of psoriatic lesions. Similar effects were
shown following the use of fish oils rich in EPA and DHA, corn oil, and also supplementa-
tion of omega-3 acid [14,34,35].

In the study by Balbas et al. [28], daily oral supplementation with a preparation
containing 640 mg of EPA and DHA was introduced in persons using topical treatment
with vitamin D analogues. A quicker improvement in PASI and DLQI (Dermatology Life
Quality Index) was observed, compared to persons who only used topical treatments [28].
Similar results were obtained by Adil et al. [37].

In their work, Millsop et al. [36] reviewed studies on omega-3 acid supplementation
in patients with psoriasis. In 12 analysed studies, this supplementation was observed to
have a beneficial effect, while no significant improvement in the course of the disease was
obtained in the 3 remaining ones [36].

Fish are a good source of omega-3 acids: eicosapentaenoic acid (EPA), docosahex-
aenoic acid (DHA), and docosapentaenoic acid. They should be included in the diet of
patients with psoriasis because of their beneficial anti-inflammatory, immunomodulatory,
and antioxidant effects [42—44]. The validity of fish oil supplementation in patients with
psoriasis was not confirmed in a 2019 meta-analysis of 13 randomised controlled trials by
Yang et al. [45], while in 2020 a systematic review of 18 randomised controlled trials by
Chen et al. [42] confirmed the efficacy of fish oil use in combination with conventional
psoriasis treatment.

It is recommended that people with psoriasis consume products rich in omega-3
fatty acids. The daily amount of these fatty acids should be about 1-2 g. Such products
include: fatty marine fish (herring, sardines, salmon, tuna, mackerel), seafood, vegetable
oils (rapeseed oil, linseed oil, walnut 0il), and nuts (mainly walnuts). In contrast, animal



Nutrients 2022, 14, 119

8 of 19

fats (saturated fatty acids) and industrial (trans) fats, present, e.g., in stick margarine, highly
processed foods, and confectionery products, should be avoided [6,14,34,35].

The introduction of supplements from the omega-3 acid family is an alternative here.
It is important to remember that these preparations should be taken with a meal in order to
increase absorption in the intestinal mucosa [35].

6. Selection of Carbohydrate Products

Excessive consumption of simple sugars (glucose, fructose, sucrose), has been reported
to contribute to the exacerbation of psoriasis symptoms [9]. Moreover, the combination of
simple sugars and omega-3 acids may reduce the health-promoting effects of these types of
fats [35].

A high intake of simple carbohydrates may cause intensification of oxidative stress
and exacerbate the course of psoriasis [4,9,29].

Dietary fibre has intestinal and systemic anti-inflammatory effects, has a beneficial
effect on intestinal microflora, and also contributes to weight loss, as a diet rich in fibre has
a lower energy density [9].

It is recommended to choose food products with a low glycaemic index or load (whole
grain cereals, unprocessed vegetables and selected fruits), mainly due to the more frequent
occurrence of metabolic diseases (such as diabetes, insulin resistance) in patients with
psoriasis [9]. Carbohydrate products with a high glycaemic index (e.g., refined sugar,
sweets, honey, sweet drinks, fruit preparations, some fruits, white bread, plain pasta, white
rice, potatoes) should be restricted in the diet of patients with psoriasis [9,14].

Persons suffering from psoriasis should increase dietary fibre intake, which can help
reduce oxidative stress [29]. Fibre is contained in plant products such as vegetables, fruit,
and whole grain cereals [9].

7. The Importance of Antioxidants

The chronic inflammation that is related to psoriatic lesions has an effect on the
formation of free radicals and superoxide anion, resulting in oxidative stress. This term
describes an imbalance between the number of reactive oxygen species and antioxidants at
the cellular level [11].

Oxidative stress can contribute to atherosclerotic plaque formation. Reactive oxygen
species cause damage to the vascular endothelial cells, which leads to an increase in the
permeability of small vessels and, in consequence, allows the transmission of inflammatory
cells, which in turn intensifies the development of inflammation in psoriasis [11,34].

Antioxidants (flavonoids, vitamin A, vitamin C, vitamin E, (3-carotene) are substances
that protect against the harmful effects of free radicals through many chemical transforma-
tions [14,34,46].

Reports have shown that a diet rich in vitamin C, 3-carotene, and flavonoids, which
includes green vegetables, carrots, tomatoes, and fruit, helps improve skin lesions [6,34].
Therefore, persons with psoriasis should increase the intake of fresh fruit and vegetables
as well as include polyphenol-rich products such as tea, coffee, herbs, and spices in their
diet [47].

EPA and DHA acids also contribute to the reduction of oxidative stress [14].

In addition, selenium deficiency, often observed in patients, can be a risk factor for
the development of psoriasis, and supplementation of this element suppresses secretion of
TNF-. However, no improvement in psoriasis symptoms was demonstrated in patients
taking selenium supplements [14,34,36].

Therefore, patients with psoriasis are recommended to eat products that provide large
amounts of antioxidants, i.e., mainly vegetables (Table 1).
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Table 1. Sources of selected antioxidants [14,48-50].

Vitamin A

Vitamin C

Vitamin E

Carotenoids

Flavonoids

Selenium

fish fat, liver,
cheese,
€ggs,
butter,
Vitamin A is also
made from
provitamins—
carotenoids

raw vegetables and
fruits, e.g.,:

peppers, parsley
leaves, brussels
sprouts, broccoli,

rosehips, currants,

strawberries,
citruses

vegetable oils
(rapeseed oil,
soybean oil, corn
oil),
nuts, sunflower
seeds, wheat germ

vegetables with
orange, yellow and
green colour:
kale, broccoli,
brussels sprouts,
lettuce, cauliflower,
spinach, carrots,
red pepper, tomato,
white and red
cabbage

tomatoes, peppers,
onions, broccoli,
citrus fruits,
apples, grapes,
blackcurrants,
some cereals
(wheat, oats),
legumes, red wine,
green tea, coffee,
cocoa

meat, fish, whole
grains (e.g., oats,
brown rice), dairy
products, brassica
vegetables, garlic,
onion, asparagus,
legumes, nuts
(mainly Brazil
nuts), sunflower
seeds, mushrooms

8. The Importance of Vitamin D3

Currently, there is a widespread vitamin D deficiency in European countries. However,
patients with severe psoriasis have significantly lower concentrations of 1.25-(OH),D3
(calcitriol—the active form of vitamin D) in blood serum than healthy persons or patients
with moderate to mild disease [3,30,34]. As estimated, vitamin D deficiencies affect 50%
of patients with psoriasis in summer and as many as 80% in winter [51]. Moreover, it has
been shown that in the winter months, when skin synthesis of vitamin D is significantly
reduced, symptoms often intensify in patients with psoriasis [52].

In a pilot study by Finamor et al. [53], an improvement in PASI was shown in all stud-
ied persons with psoriasis after six months of high-dose vitamin D therapy (35,000 IU/day).

In the publication by Gaal et al. [54], it was observed that vitamin D supplementation
(0.25 ug 2 times a day, for 6 months) among patients with psoriatic dermatitis has a positive
effect on the regulation of immune response.

A paper by Tajjour et al. [55] demonstrated a lower vitamin D concentration in the
blood serum of persons with psoriasis compared to the control group. Moreover, the
authors of this paper observed a negative correlation between vitamin D concentration in
blood serum and PASI.

The underlying cause of psoriasis is a disturbance of the immune system, which is
why it is so important to maintain adequate levels of vitamin D, which has a modulating
effect on the cells of the immune system [36,51]. Moreover, vitamin D also contributes to
the process of normal growth and differentiation of keratinocytes [14,36,51]. Deficiencies of
this vitamin may also increase the risk of metabolic syndrome [56].

Vitamin D has an inhibitory effect on keratinocyte proliferation; decreases psoriasin
(a skin peptide, SI00A7, whose levels are elevated in the skin of people with psoriasis);
increases the synthesis of keratin, tranglutaminase, involucrin, loricrin, and filaggrin in the
skin. Vitamin Dj3 increases the synthesis of ceramide, which, by feedback loop, enhances the
pro-differentiating effect of keratinocytes by calcitriol. In addition, vitamin Dj is involved
in regulating the synthesis of glycosylceramides, which are essential for maintaining the
integrity of the skin barrier and permeability in the stratum corneum [57].

The authors also suggest that vitamin D deficiencies in psoriasis may be associated
with concomitant cardiovascular diseases and obesity [57]. Thus, supplementation of this
vitamin can both reduce symptoms caused by psoriasis and contribute to the levelling of
the general condition of the patient and the symptoms of other diseases [3,34].

There are few dietary sources of vitamin D3. These are mainly animal products (oily
fish such as herring, salmon, mackerel, fish oils, and egg yolks). Products fortified with
this vitamin are also available (e.g., milk, cereals, juices) [57]. Vitamin D is supplied to the
human body mainly through cutaneous synthesis under the influence of ultraviolet B (UV-
B) rays [58,59]. When the intake of vitamin D from food and skin synthesis is insufficient,
supplementation is recommended [57,58].

Studies have shown that supplementation with 1000 IU of vitamin D3 per day leads
to an increase in 25(OH)D levels to about 10-20 ng/mL [57]. The European Food and
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Safety Authority (EFSA) has defined the tolerable upper level intake (UL) of vitamin D
for adults as 4000 IU per day [59]. Supplementation with this vitamin should be preceded
by determination of serum 25(OH)D concentration [58]. These tests should be repeated
after 2-3 months to assess the effectiveness of supplementation and adjust the dose if
necessary [57].

There is a lack of large population-based sample studies to determine the dose of
vitamin D supplementation in patients with psoriasis [57].

However, too high doses of vitamin D should not be used due to the risk of hypercal-
caemia or hypercalciuria [21]. For the same reason, supplementation with this vitamin is
not practised in patients treated topically with vitamin D analogues [34].

9. Use of Seaweed in Psoriasis

The human microbiota is an environment rich in microorganisms that influences
protein, carbohydrate, and lipid metabolism, immune system development, and body
homeostasis. The largest microbiota resource in the human body is the large intestine. In
the literature, many works show a link between intestinal dysbiosis and the development of
diseases with an extraintestinal location, such as multiple sclerosis, type 1 diabetes, systemic
lupus erythematosus, or psoriasis [60—-66]. Significant differences have been observed
between the gut microbiota of patients with psoriasis and that of the healthy population,
suggesting a potential influence of gut dysbiosis on the development of psoriasis [66].

Many reports indicate a link between diet modulating microbiota composition and
immunostimulatory effects [60,67]. Probiotic bacteria are naturally found in fermented
dairy products such as kefir and yoghurt, as well as in pickled vegetables [67,68].

Recent reports indicate a beneficial effect of probiotic supplementation in patients with
psoriasis [69,70] Polysaccharides, which are components of dietary fibre, show prebiotic
effects, beneficially altering the intestinal microflora. Studies by Takahashi et al. [60]
and other reports [71,72] indicate that fucoidan, a sulfated polysaccharide found in the
cell walls of brown seaweed, exhibits anticoagulant, anticancer, immunomodulatory, and
apoptosis-inducing effects. Fucoidan has also been found to have a positive effect on the
intestinal barrier and the composition of the bacterial flora, as well as improving the course
of psoriasis [60].

In addition, marine seaweed are a sustainable source of bioactive lipids with high
concentrations of omega-3 fatty acids [73-76] and vitamin D3 [77,78], whose beneficial
effects in psoriasis patients have been outlined above.

The application of seaweed directly to the patient’s skin also has a beneficial effect
on the course of dermatosis. In a study by Grether-Beck et al. [79], it was shown that
Blue Lagoon seaweed extract has a biological effect on the skin, influences the expression
levels of mRNAs that are relevant for melanin synthesis, and reduces unevenness in
skin pigmentation.

10. Coffee and Psoriasis

Coffee is one of the most consumed liquids, regardless of geographical region. Ac-
cording to the statistics, only water and tea are more frequently consumed liquids [80].
Importantly, coffee is a pharmacologically active fluid. There are many biologically ac-
tive substances in its composition [81]. These include carbohydrates, lipids, nitrogenous
compounds, minerals, vitamins, phenolic compounds, lactones, diterpenes, antioxidants,
alkaloids, and caffeine, which constitutes about 1% of the total composition of coffee [82,83].
This substance exhibits a number of therapeutic actions. It has been demonstrated that it
reduces the migration of monocytes and neutrophils, reduces blood glucose levels, has an
anti-inflammatory and immunosuppressive effect, and protects against neurodegenera-
tion [81,83,84].

The best-studied component of coffee is caffeine. Its action involves inhibition of
Th1/Th2 cell proliferation, inhibition of the release of pro-inflammatory cytokines (IL-1,
IL-6, IL-11, TNF-alpha), and concomitant release of anti-inflammatory markers such as IL-4,
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IL-10, and adiponectin [83,85]. Furthermore, it inhibits cyclin adenosine monophosphate
(cAMP) phosphodiesterase, which acts as an immunomodulator, stimulates the release of
anti-inflammatory cytokines and acts as an adenosine receptor antagonist [82].

Hall et al. [86] argue that the anti-inflammatory effects of coffee are related to the
presence of substances called polyphenols in its composition. A group of these compounds,
especially chlorogenic acid and its metabolites, show strong inhibitory effects on pro-
inflammatory cytokines, while caffeic acid reduces nitrite levels and inhibits inflammatory
scapes [86].

The arabinogalactan proteins present in coffee have an immunosuppressive effect,
stimulating splenocytes and peritoneal macrophages, resulting in a reduction in skin
inflammation and reducing the severity of allergic reactions [82].

Research on the use of coffee in the treatment or support of psoriasis is inconclusive.
Zampelas et al. [87] hypothesised that coffee consumption increases the body’s inflamma-
tory process, which may negatively correlate with psoriasis severity. A study conducted
by this research team showed that regular coffee consumption increased IL-6, CRP, and
TNF-alpha levels, which translated into clinical severity of psoriasis symptoms. However, it
is important to note that this study correlated high coffee consumption (>200 mg/day) with
psoriasis severity. On the contrary, Li et al. [88] showed that coffee improved the efficacy
of pharmacological treatment of psoriasis, especially when methotrexate or sulfasalazine
was used. Interestingly, decaffeinated coffee had no effect on the risk of developing psoria-
sis [88]. The same study also assessed the correlation between caffeine intake and the risk
of developing psoriasis. It was shown that the risk of psoriasis moderately correlated with
an increase in caffeine intake, although this fact was not statistically significant in cigarette
smokers. It should be mentioned here that this study had a very important limitation—the
effects of caffeine from many different sources, including sweetened drinks and highly
processed foods, were assessed—which may have played a role in the conclusions drawn.
Studies by Sharif et al. [85] and Hall et al. [86] have shown that regular coffee consumption
increases the concentration of anti-inflammatory factors and reduces the production of pro-
inflammatory factors (especially TNF-alpha), which is important in reducing the severity
of psoriasis.

Recent studies [80,89] demonstrate that the effect of coffee is dose-dependent. Regular
moderate coffee consumption (up to 3 cups per day) alleviates psoriasis symptoms and
has an anti-inflammatory effect, whereas higher coffee consumption (especially >4 cups
of coffee per day) exacerbates clinical symptoms of psoriasis, which is associated with an
increase in pro-inflammatory substances.

11. Alternative Diets in the Treatment of Psoriasis
11.1. Gluten-Free Diet

Asymptomatic coeliac disease is observed more frequently in patients with psoriasis
compared to the general population [6,14,90]. A meta-analysis on the association between
psoriasis and celiac disease concluded that patients with this dermatosis have an approxi-
mately three-fold increased risk of celiac disease [91]. Meanwhile, the risk of psoriasis in
patients with coeliac disease is higher than in general population [11].

In coeliac disease, as a result of eating gluten-containing cereals (wheat, rye, barley,
oats, triticale), inflammation of the small intestine mucosa and intestinal villous atrophy
occurs, which in turn leads to absorption disorders [34].

Interestingly, coeliac disease, like psoriasis, belongs to the group of autoimmune
diseases in which the body attacks its own tissues mistakenly using the immune system [92].

In order to diagnose coeliac disease, the antibodies to tissue transglutaminase, gliadin,
and smooth muscle endomysium are measured. It is worth noting that patients with
psoriasis have the tissue transglutaminase and gliadin antibodies more often compared to
the control group [14,92,93]. A relationship has also been observed between the occurrence
of these antibodies and intensification of psoriasis lesions [14].
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It has not been clearly established whether gluten consumption can contribute to the
development of psoriasis [90,94].

Reports confirm improvement of psoriasis lesions in patients who eliminated gluten
from their diet [90,91,95]. This applies both to persons with concomitant coeliac disease
and patients without coeliac disease but with gliadin antibodies present. Moreover, after
returning to a traditional diet containing gluten, a deterioration of psoriatic lesions was
observed [11,14,34]. However, in patients without antibodies present, no improvement in
lesions was noted [14].

Starting a gluten-free diet in patients with psoriasis may be controversial, and further
research is needed to explain the role of this nutritional plan in detail [92,93].

11.2. Vegetarian Diet

Some authors draw attention to the positive impact of a vegetarian diet on the course
of the disease in patients with psoriasis. The diet consists of giving up eating meat products
while increasing the intake of vegetables, fruits, legumes, nuts, and cereal products. As a
result, the diet is low in saturated, trans, and arachidonic acid as well as high in antioxidants
and omega-3 fatty acids [11,14].

Moreover, a vegetarian diet may contribute to the levelling of potassium deficiencies.
An increase in potassium intake may cause an increase in the synthesis of cortisol, which
has an anti-inflammatory effect. It is known that a diet rich in vegetables and fruit may
significantly contribute to improving the clinical condition of persons suffering from
psoriasis [14].

11.3. Mediterranean Diet

The Mediterranean diet is characterised by a high consumption of vegetables, cereals,
legumes, fish, fruit, and nuts. Extra virgin olive is the main source of fat in this diet. In this
diet, it is recommended to consume small amounts of wine with meals [29,46].

The consumption of meat, dairy products, and eggs is limited. Animal fats such as
butter, cream, and lard are not included in this diet [29,46].

It is suggested that the Mediterranean diet is associated with prevention of metabolic,
cardiovascular, and chronic inflammatory diseases [29,46].

The health-promoting properties of this diet are linked with high consumption of [29,46]:

e  products with antioxidant and anti-inflammatory effects (fruit, vegetables, red wine,
natural herbs);

unsaturated fatty acids (fish, olive oil, nuts);

products that are a source of dietary fibre;

products that are a source of vitamins and minerals;

and low consumption of:

products that are sources of saturated fat;

simple carbohydrates;

highly processed products.

In the study by Barrea et al. [46], the relationship between adherence to a Mediter-
ranean diet and severity of psoriasis was assessed. PASI was negatively correlated both
with the level of adherence to the diet and higher consumption of extra virgin olive oil, veg-
etables, fruits, legumes, fish, and nuts, and positively correlated with higher consumption
of red meat. Furthermore, patients with psoriasis followed a Mediterranean diet to a lower
extent compared to the control group [46].

The publications of Korovesi et al. [96], Phan et al. [97], Molina-Leyva et al. [98], and
Caso et al. [99] also confirm the inverse relationship between the use of the Mediterranean
diet in patients and the severity of psoriasis or psoriatic arthritis.

11.4. Ketogenic Diet

Regardless of adipocytokine levels, body fat, body weight, and glycemic values,
saturated fatty acid intake is a significant exacerbator of psoriasis [100,101].
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A ketogenic diet based on increased fat intake (75-80% kcal from fat, 5-10% kcal
from carbohydrates, and 15-25% kcal from protein) increases ketone bodies, may have
anti-inflammatory effects, and lowers blood glucose levels [102]. The high content of
medium-chain triglycerides (MCT) with a stronger anti-inflammatory effect compared to
long-chain triglycerides (LCT), as well as the anti-angiogenic nature and the high amount of
omega-3 fatty acids, make the ketogenic diet a potentially beneficial nutritional intervention
in patients with psoriasis [102].

Excess body weight and systemic pro-inflammatory activation are important risk
factors for the development of psoriasis. Recent reports [103-106] indicate that a low-
calorie ketogenic diet (VLCKD) (which leads to both weight loss and a reduction in chronic
inflammation) can reduce the severity of clinical symptoms and even inhibit psoriatic
disease triggering. This nutritional regimen may be a potential first-line therapy for patients
with psoriasis and obesity.

The VLCKD medical protocol is a nutritional programme based on high-biological-value
protein and natural foods [104]. The scheme consists of three phases: active, re-education,
and maintenance. The active phase involves a very low calorie diet (600-800 kcal/day), low
intake of carbohydrates (<50 g per day from vegetables) and lipids (only 10 g of olive oil
per day), and a normal supply of high-biological-value protein (0.80-1.20 g per kilogram of
appropriate body weight), which maintains lean body mass and covers the body’s daily
protein requirements. The re-education phase consists of gradually introducing more
products into the diet and increasing the caloric intake (800-1500 kcal/day), as well as
educating patients in order to maintain body weight in the long term. The maintenance
phase, which is the final stage, consists of a balanced diet (1500-2000 kcal/day) [104].

It seems reasonable to undertake further studies on the application of the VLCKD
protocol in patients with psoriasis and to compare the results of these studies with the
effects of other dietary schemes.

12. Diet Therapy and the Use of Medicines

Nutrition of patients with psoriasis should also be tailored to their therapy:.

The use of methotrexate contributes to an increase in the concentration of toxic homo-
cysteine and reduces the blood level of folic acid. Moreover, deficiencies of this vitamin are
also associated with increased homocysteine levels. Supplementation with folic acid, usu-
ally in the amount of 10-15 mg/week, should be introduced in patients taking methotrexate.
Supplementation regimes vary, but the vitamins should always be administered at least
12 or 24 h (according to various reports) after taking methotrexate due to the risk of a
decrease in the effectiveness of the drug [30,107]. This is possible because methotrexate
is taken once a week [107]. It should be remembered that the bioavailability of folic acid
decreases when it is taken with a meal [107]. Supplementation of this vitamin in persons
taking methotrexate can also contribute to relief of other adverse reactions related to the
bone marrow, gastrointestinal tract, and liver, caused by the medication [107].

It should also be noted that methotrexate may cause nausea, which in turn is a common
cause of loss of appetite in patients and may contribute to the development of deficiencies
of certain nutrients. Therefore, it is necessary to include a balanced diet, providing all the
necessary components in the proper amounts [30].

Cyclosporin A may increase the risk of hypertension. In one study, patients starting
therapy with this drug adhered to a low-sodium diet, followed by a high-sodium diet.
After four months of treatment with a low-sodium diet, blood pressure did not increase,
whereas in the next period, when patients adhered to a high-sodium diet, there was a
significant increase in both systolic and diastolic pressure [30].

Administration of cyclosporin with grapefruit juice results in an increase in bioavail-
ability of the drug by up to 60%. Therefore, patients taking this substance should avoid
grapefruit juice, grapefruit, and other citrus fruits [6,14,30].

Vitamin A derivatives are also used in psoriasis. It should be remembered that
this may result in hypervitaminosis, especially in patients who decide to use additional
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supplementation of this vitamin and take large amounts of products rich in vitamin A.
Retinoids can also cause increased cholesterol and triglyceride levels in blood serum.
Therefore, it is recommended to eat products rich in polyunsaturated fatty acids from the
omega-3 family, and to limit the consumption of simple sugars and alcohol [14].

13. Alcohol and Intensification of Psoriatic Lesions

Studies have shown that patients with psoriasis tend to consume alcohol in excess
more often. However, it cannot be clearly determined whether the occurrence of psoriasis
correlates with the occurrence of alcohol addiction [1,6,14,94]. In addition, it is not known
whether the decreased quality of life of patients with psoriasis results in excessive alcohol
consumption, or whether alcohol consumption provokes psoriatic symptoms [1,5].

However, it was noted that alcohol consumption may contribute to the intensification
of psoriatic lesions [6,14,94].

In the study by Qureshi et al. [94], covering over 100,000 American women, increased
risk of psoriasis was observed in the case of higher alcohol consumption. The risk of psoria-
sis depending on the type of alcohol consumed was also studied. A statistically significant
correlation was observed only between beer consumption and the risk of dermatosis oc-
currence. The authors hypothesised that this could be related to the gluten content in beer
and frequent occurrence of disorders of tolerance of this protein fraction among persons
suffering from psoriasis [94].

The mechanism of the negative effect of alcohol on the course of psoriasis is not fully
understood. This effect may be the result of oxidative stress. Another hypothesis suggests
the impact of histamine overproduction, as well as vasodilation, and consequently an
increase in the migration of inflammatory cells. Furthermore, alcohol causes increased
susceptibility to skin infections, e.g., streptococci, which can trigger the emergence of
psoriasis skin symptoms [14,95].

It should also be noted that alcohol consumption is often accompanied by meals with
a high saturated fatty acid content and a small intake of vegetables and fruit. Such a diet
may contribute to exacerbation of the disease symptoms [6,14].

It has been shown that psoriasis in persons suffering from alcoholism is usually
refractory, and the number of adverse effects increases [4,34].

14. Conclusions

Unfortunately, no specific nutritional therapy regimens for psoriasis have been es-
tablished yet. However, numerous studies confirm the positive effect of consumption or
elimination of the nutrients and food products mentioned above. When planning the diet
of patients with psoriasis, one should also consider co-morbidities and implement actions
to prevent the diseases to which these persons are vulnerable [29].

The diet for patients with psoriasis should be varied and tailored to each individual
patient. Patients should avoid alcohol, animal fats, red meat, simple sugars, and highly
processed food. Large amounts of vegetables and fruits, which are a source of antioxidants,
as well as vegetable oils, nuts, and marine fish, supplying fatty acids from the omega-3
family, should be consumed. They should choose whole-grain cereal products and increase
the consumption of legumes. In some cases, patients should consider a gluten-free diet and
vitamin D supplementation [14,29,34].

A diet that is properly selected and consistently followed by the patient can have
a positive impact not only on the course of psoriasis and the prognosis but also on co-
morbidities [3,14,29].

Table 2 presents a set of key dietary recommendations for patients with psoriasis.
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Table 2. Summary of dietary recommendations for patients with psoriasis.

Dietary Aspect Recommendations
The energy value of the diet should be individually adapted to the patient.
Energy In overweight and obese people, calorie reductions should be implemented

to reduce body weight.
Limit the supply of saturated fatty acids (found in fatty meats and animal
fats such as lard, butter, cream) and trans fats (found in stick margarines,
highly processed foods, confectionery products).
Fatty-acids Increase the supply of omega-3 polyunsaturated fatty acids (especially
DHA and EPA), of which marine fish are the best source.
The ratio of omega-3 to omega-6 fatty acids should be 1:1.80-1:5.
Supplementation with omega-3 fatty acids may be considered.
Patients should choose carbohydrate products with a low glycaemic index
or glycaemic load.
It is recommended to limit the intake of sugar, sweets, fruit preserves, and

Carbohydrates sweet drinks.
Instead of white bread, plain pasta, and white rice, patients should choose
whole grain cereals.

o Increase the intake of products that are sources of natural antioxidants

Antioxidants . .

(mainly raw fruit and vegetables).
Vitamin D In case of vitamin D deficiency, supplementation is recommended.
Alcohol Consumption of alcohol is contraindicated.

The following alternative diets may be considered:
Gluten-free diet
Alternative diets ~ Vegetarian diet
Mediterranean diet
Ketogenic diet
The diet for patients with psoriasis should be tailored to the individual needs of the patient,
their comorbidities, and the treatment they are receiving.

15. Limitations of This Manuscript

The limitations of this work are the lack of a structured review of scientific publications.
The authors did not apply the PRISMA guidelines. Some of the referenced studies were
older than five years and some articles were not from international journals. In addition,
some of the studies cited were conducted only in vitro and require more detailed studies
in humans.
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