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Abstract: Inflammation and insulin resistance are recognized as central features in the pathology of psoriasis,

profoundly affecting the lives of those affected by this condition. The relationship between lifestyle choices and

psoriasis is well-documented, highlighting the potential benefits of dietary modifications and physical activity in

managing the condition during exacerbations. Furthermore, growing evidence emphasizes the significant impact

of nutritional interventions on various skin disorders, particularly those characterized by inflammation and insulin

dysregulation. Notably, the role of dietary fats is of particular interest, with their influence on inflammation

and insulin resistance in psoriasis garnering increasing attention. Moreover, the association between excessive

adiposity and heightened psoriatic severity underscores the importance of weight management strategies in

disease management. This review explores the intricate relationship between specific dietary fats and inflammation

in psoriasis, offering a comprehensive analysis of their implications for disease progression and management.
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• Psoriasis, extensively researched and prevalent as a recurrent chronic dermatological condition,
presents formidable challenges in its management due to its profound impact on patients’ quality
of life (QOL).

• Lifestyle factors play a crucial role in managing psoriasis effectively. For example, incorporating
regular exercise and maintaining a balanced diet can help reduce the inflammatory symptoms
associated with the condition.

• Dietary fats, particularly polyunsaturated fatty acids (PUFAs), play a crucial role in regulating
epidermal homeostasis and inflammation.

• An adequate intake of PUFAs alongside conventional medical treatment contributes to the
improvement of inflammatory symptoms associated with psoriasis.

• The abundance of saturated fatty acids is associated with obesity. Obesity worsens the psoriatic
symptoms. Hence, it is suggested to restrict the intake of these fatty acids.

• This review encompasses the intricate disease mechanism of cutaneous inflammation in psoriasis
along with clinical trials designed to assess the impact of dietary fats on psoriasis disease state.

1. Introduction

Psoriasis is an incurable, chronic, and immune-mediated inflammatory disorder [1–3]. Lesions,
itching, and pain accompanying the red, inflamed skin are its common distinguishing features [1].
There is a wide range of clinical subtypes of psoriasis; among them, plaque psoriasis is the most
prevalent [2,4]. It is characterized by rough, symmetrical, silvery patches and plaques [4], which
are primarily inclined on the scalp, elbows, and knees [2,4]. Psoriasis is the most pervasive skin
disease worldwide [2]. As per WHO data, the occurrence rate of psoriasis ranges between 0.99% and
11.4%. Regarding psoriasis epidemiology, 81% of the countries worldwide have not stated any data. It
mostly prevails in adults than children, so it is more prevalent in countries with older populations
[5]. Interestingly, psoriasis is unevenly distributed demographically [4,5] and is more prevalent in
developed countries [5]. Psoriasis aggravating symptoms make life difficult for patients. Psoriasis
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has a huge influence on patient’s personal and social life. It also affects the emotional well-being of
individuals. It has been observed that in some cases psoriatic patients are not able to perform their
daily duties. This inability to carry out routine work leads to low self-esteem and depression [1–3].

Diet significantly influences skin disorders because an imbalanced diet disrupts skin equilibrium
and causes cutaneous alterations [6]. Several experimental studies have established /identified the
crucial function of nutrients in the progression and prevention of certain diseases [7]. Nutrients are
chemical substances that we get from our food/diet and serve as means of energy, building and
maintaining body structure [6]. Diet might contribute to significant biological effects on the skin
as malnutrition and malabsorption are considered to lead to skin disease prevalence [7]. Therefore,
dietary interventions are essential for people suffering from skin diseases [8]. A cohort study was
conducted to ascertain the probable influence of dietary interventions on the skin in psoriatic patients
[9]. This study demonstrated that psoriatic patients consumed less sugar while consuming more fruit
and vegetables compared to the counter controls. The study also reported more consumption of whole
grain fiber, dairy, and vitamins. These dietary interventions resulted in favorable skin responses in
psoriasis [9].

Deficient intake of essential dietary fats and numerous vitamins is associated with cutaneous
problems [10]. Supplementation with certain nutrients, including essential fatty acids resulted in the
prevention of skin damage from ultraviolet rays. The nutrition intervention of fish oils to manage
inflammatory skin disorders improved symptoms by regulating the lipid inflammatory mediators [11].
A cross-sectional study comprising 302 healthy individuals assessed the impact of certain nutrients
(including fats) on the skin. The association of nutrient concentration in serum and diet with human
skin was investigated. That study revealed a significant association between intake of dietary fats
(saturated, mono-unsaturated, and total fats) with skin hydration. MUFAs (mono-unsaturated fatty
acids) were found to specifically impact the skin pH. Hence, the study extrapolated the significant
correlation of nutritional factors, including essential fats, with skin state [12].

In the current review, we have provided an overview of dietary fats and then summarized their
significance and association with insulin resistance (IR) and inflammation in psoriasis. Followed by a
comprehensive review of clinical trials conducted to investigate the impact of dietary fatty acids on
psoriasis. The clinical trials were selected from PubMed (https://pubmed.ncbi.nlm.nih.gov/) against
query words dietary fats and psoriasis, between the time frame of January 1990 to February 2023. The
current review incorporates all clinical studies published during this time frame. A total of 15 studies
(as given in tables 1 & 2) fulfilled the inclusion criteria for the current review.

2. Dietary Fats: Essential Components and Classification

Lipids comprise fatty or oily compounds that are crucial for modulating the homeostatic function
of the body. They are recognized as organic soluble and polar solvents insoluble. Lipids encompass
phospholipids, steroids, waxes, and triglycerides (fats & oils) [13]. Dietary fats are composed of three
fatty acids and glycerol esters. These serve as a mode of energy and source of essential fatty acids
to the body and, therefore, are indispensable for regulating normal functions of the living system.
Fats are an important component of a healthy diet as they provide flavor and satiety. Moreover, some
vitamins (A, D, E, K) require fats to be absorbed in the body. Dietary fats are mainly divided into
saturated and unsaturated compounds (as shown in Figure 1) depending on the presence of double
bonds. Unsaturated fats are distinguished by one or more double bonds, while saturated have none
[14].
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Figure 1. Dietary fats are classified as saturated and unsaturated based on the presence of double bonds.
Saturated fats have none, while unsaturated have one or more double bonds. Saturated fats are further
categorized as SFAs(short and medium-chain saturated fatty acids) and longer-chain SFAs. Milk fat,
palm & coconut oils are the main sources of SFAs, while longer chain SFAs are chiefly found in some
vegetable oils, meat, and butterfat. Unsaturated fats are grouped into MUFAs (mono-unsaturated fatty
acids) and PUFAs (polyunsaturated fatty acids) based on the number of double bonds. MUFAs have
one while PUFAs have two or more double bonds per molecule. In the omega classification system,
oleic acid (OA), which is a MUFA, is placed in ω-9 group. Olive oil is highly enriched in oleic acid.
Likewise, PUFAs are further categorized in ω-3 and ω-6 groups. α-linolenic acid (ALA) and linoleic
acid (LA) are the parent fatty acids of ω-3 and ω-6 groups, respectively. Other members of ω-3 are
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) derived from ALA. While Arachidonic
acid (AA) and γ-linolenic acid (GLA) derivatives of LA belong to ω-6 group. Marine fish and fish oil
are predominant sources of ω-3 PUFAs. In contrast, oils of corn, safflower, and soybeans are chief
sources of ω-6 PUFAs.

2.1. Classification of Saturated Fatty Acids

Saturated fatty acids (SFAs) are further classified as short and medium-chain SFAs and longer-
chain SFAs. SFAs have relatively shorter chains of carbons (4 to 12) and are obtained from palm,
coconut oils, and milk. Whereas, long-chain SFAs are composed of more than 14 carbons, and some
vegetable oils, meat, and butterfat are their predominant sources [14].

2.2. Classification of Unsaturated Fatty Acids

Unsaturated fatty acids are grouped as MUFAs (monounsaturated fatty acids) and PUFAs (polyun-
saturated fatty acids) based on the number of double bonds. MUFAs have one double bond per
molecule (oleic acid), while PUFAs are characterized by more than one double bond per molecule
(linoleic acid). Linoleic acid, having 18 carbons and 2 double bonds, is an essential nutrient, which
means the body needs it for normal functioning but cannot synthesize it. Oils obtained from corn,
safflower, and soybean seeds are the sources of linoleic acid [14]. In the omega classification system
of fatty acids, the first occurrence of a double bond is noted while counting carbons from the methyl
end of fatty acids. For instance, oleic acid is grouped under ω-9 fatty acids (1st double bond at carbon
number 9 while counting from methyl end) [14]. Olive oil serves as the chief source of MUFAs as it is
highly enriched (70-80%) in oleic acid [15]. Correspondingly PUFAs are also classified in ω-3 and ω-6
groups [14]. α-linolenic acid (ALA), having 18 carbons and 3 double bonds, is a parent member of ω-3
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group. Other key members of this group are EPA(eicosapentaenoic acid) and DHA (docosahexaenoic
acid), having 20 & 22 carbons and 5 & 6 double bonds, respectively. Both of these are long-chain
derivates of α-linolenic acid [14,16]. Fish and fish oils are known for numerous health benefits and are
common sources of ω-3 PUFAs, providing EPA and DHA [17]. Similarly, Linoleic acid (LA), having 18
carbons and 2 double bonds, is a parent member of ω-6 group [14,16]. Its long-chain derivatives are
Arachidonic acid (AA) and γ-linolenic acid (GLA) having 20 & 18 carbons and 4 & 3 double bonds,
respectively [16].

2.3. Fatty Acids and Their Significance in Dermatological Physiology

Skin is a multifaceted organ that performs various vital functions within the body. Primarily, it acts
as a protective barrier against external factors, helps in regulating body temperature, and contributes
to metabolic processes and fluid balance [18]. The anatomy of the skin comprises distinct layers,
specialized appendages such as hair follicles and glands, as well as immunological components, all
working together to maintain skin health and function [19]. Within the skin’s structure, the epidermis
stands out as a crucial layer composed of different elements, including fatty acids, lipids, and ceramides,
among others [20]. Lipids, including fatty acids, play a pivotal role in maintaining the health of the
epidermis, the outermost layer of the skin. They contribute significantly to the formation of an effective
barrier against water loss, protect against radiation and harmful chemicals, and inhibit microbial
entry [21]. The unique composition of lipids within the epidermal barrier is crucial for its proper
function [22]. Moreover, lipids possess inflammatory characteristics and can act as signaling molecules
that influence various skin conditions [23]. They participate in immune regulation, antimicrobial
activity, and the modulation of the skin’s response to environmental stress [24]. Recent studies have
identified specific lipid molecules that regulate epidermal homeostasis, offering exciting opportunities
for developing therapeutic interventions for various skin conditions, including topical treatments or
nutritional supplementation [25]. Fatty acids are vital for maintaining the integrity of the epidermal
barrier and play key roles in cellular development and communication within the skin [26]. The fatty
acid content of the diet significantly impacts skin health and is implicated in various skin diseases
such as atopic dermatitis, psoriasis, and acne [27]. Various skin cell types, including keratinocytes,
melanocytes, Langerhans cells, dermal fibroblasts, leukocytes, and macrophages, are involved in
the production of oxygenated metabolites of fatty acids [28]. These metabolites, such as eicosanoids,
octadecanoids, and docosanoids, are crucial for skin physiology, including maintaining the integrity
of the epidermal barrier, cellular development, and communication [29]. Polyunsaturated fatty acids
(PUFAs) like linoleic acid (LA) and arachidonic acid (AA) undergo metabolism through enzymatic
pathways like cyclooxygenase and lipoxygenase, leading to the production of various metabolites
such as prostaglandins and hydroxyeicosatetraenoic acid (HETE) [30]. These metabolites play diverse
roles in skin physiological processes, and inflammation regulation, and exert both anti-inflammatory
and antiproliferative effects, highlighting the critical role of fatty acid metabolism in maintaining
skin homeostasis and the function [31,32]. Understanding their roles in skin biology is essential for
developing effective treatments for dermatological conditions and diseases.

3. The Interplay of Obesity, Insulin Resistance, and Inflammation in Psoriasis Pathogenesis

Obesity is defined as the amassing of unusual and surplus fat in the living body to the extent
that it becomes harmful to the health [33]. In the state of obesity, the fat is stored in the body’s
subcutaneous and abdominal adipose tissue [34]. Obesity is significantly associated with an elevated
risk of developing psoriasis and may exacerbate the disease’s symptoms [35–37]. The extremity of
psoriasis symptoms is proportional to the severity of the obesity [37]. Obesity might act as a promoting
factor in the advancement of psoriasis through pro-inflammatory pathways [37]. Moreover, the excess
body fat might contribute to hampering medical treatment [35], as poor response to the therapy
is observed in obese patients [37]. Hence, weight loss in obese psoriasis patients is presumed to
ameliorate the characteristic disease symptoms [35].
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Obesity is linked with an elevated risk of insulin resistance (IR) in the body. Raised amounts of
non-esterified fatty acids, glycerol, certain hormones, and pro-inflammatory cytokines are noticed
in obesity [38]. The augmented amount of these observed features is involved in the progression of
IR [38]. The term IR is defined as the resistance exhibited by the body towards insulin on glucose
intake, metabolism, and storage [39]. IR is also regarded as a significant contributing mechanism in
the manifestation of psoriasis [36]. [40] experimentally demonstrated that IR is responsible for the
characteristic epidermal symptoms in psoriasis.

Obesity is also associated with inflammation in the body [33,34]. The term inflammation refers to
well-organized sequential events engendered to sustain homeostasis in tissue or organs of the body
[33]. It is caused as a protective response by the injured or destructive body tissue/organ to deal with
the injurious agent and injured tissue. Further, inflammation is considered a substantial risk factor in
the progression of both cardiovascular and non-cardiovascular diseases in humans. Psoriasis is one of
the non-cardiovascular diseases [33]. In consistent with the discussion, we can propose that weight
loss in obese psoriasis patients improves disease symptoms. Obesity is suggestively associated with IR
and inflammation, both of which contribute to the development of psoriasis. Dietary interventions
play a significant role in obesity. Therefore, a healthy diet is presumed to have a positive impact on
obesity [34].

4. How Dietary Fats Might Impact Inflammation in Psoriasis

4.1. Immunological Mechanisms Underlying Psoriasis Pathogenesis

Psoriasis is one of the known immune-mediated inflammatory diseases [41]. The role of innate and
adaptive immune systems in psoriasis pathogenesis is unquestionable. The chiefly involved immune
system components are T-cell signaling and dendritic cells (DCs) [27]. DCs, the proficient antigen-
presenting cells (APCs), play a crucial part in the early development of psoriasis. The stimulation
of these cells is not well understood. It is suggested that they might be activated in response to the
production of antimicrobial peptides (AMPs). AMPs are observed to be upregulated in psoriatic
lesions, and they are generated by keratinocytes in response to injury [42]. S100 proteins, cathelicidin,
and defensins are some of the known AMPs that are crucially involved in the progression of psoriasis.
AMPs are produced as an initial response to invading pathogens. In psoriasis, they are involved
in the dysregulation of the immune system, which ultimately causes the increased generation of
pro-inflammatory mediators [43].

Psoriasis-specific inflammation is triggered by the activation of cytokines. The overexpression of
cytokines is observed in psoriasis lesions. The triggering of cytokines elevates epidermal keratinocyte
proliferation resulting in the typical scales/lesions in psoriasis [41]. These cytokines chiefly include
tumor necrosis factor (TNF), type I Interferons (IFNs) and Interleukin (IL)-17. They function to
hyperactive the immune system. TNF is primarily generated from epithelial and immune cells. TNF
triggers both vascular endothelial and immune cells to cause inflammation. Further, by regulating
apoptosis TNF also contributes to lymphoid tissue progression. Overexpression of TNFs are observed
in various autoimmune diseases, including psoriasis, in areas of inflammation. Particularly in psoriatic
scales/lesions, upregulation of TNF, (tumor necrosis factor receptor 1) TNFR1, and (tumor necrosis
factor receptor 2) TNFR2 is observed. The presence of TNFR1 on keratinocytes makes them sensitive to
TNF. Inflammatory and immune responses by keratinocytes are observed upon activation with TNF(as
TNF binds to its receptor present on keratinocytes). Chemokines that induct skin-specific memory
T cells, neutrophils, and macrophages, are also produced by stimulated keratinocytes [44]. IFNs are
responsible for antiviral activity to combat viral infections in the body. Fascinatingly, they are also
associated with the progression of autoimmune and inflammatory diseases, including psoriasis. Type
1 INFs (IFN-α and IFN-β) mainly function by facilitating the initial/early-stage lesions, however, the
absence of these is reported in chronic psoriasis lesions [41,44]. Skin injuries might initiate psoriasis
lesions. Type 1 IFNs are proposed to be critically involved in the instigation of psoriasis lesions in
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case of injury [45]. Furthermore, the increased level of INF-γ is observed in psoriasis lesions and
is conclusively associated with the disease worsening [41]. Cytokines belonging to the IL-1 family
are regarded as pro-inflammatory, and differential expressions of these are observed in lesional and
non-lesional psoriasis skin concerning counter controls [41]. T-helper 17 (Th17) cells that play a pivotal
role in the development of psoriasis are characterized by IL-23/IL-17 axis [44].

The pathogenic role of Th17 cells is evident in inflammatory and autoimmune disorders. In
psoriasis, these cells produce cytokines (IL-17A, IL-17F, IL-21, IL-22, and IL-26) that are important in
disease development. During skin trauma (injury, certain infections, or medications), self-nucleotides
and AMPs are secreted from keratinocytes. These AMPs and self-nucleotides form complexes that
are recognized by plasmacytoid dendritic cells (pDCs). The stimulated pDCs then expedite the
activation of CD8+ T cells. These activated cells travel to the epidermis and generate cytokines that
eventually result in increased skin proliferation and inflammation. Fascinatingly, pDC might also
produce IFNs, which are responsible for the production of additional cytokines (TNF, IL-12, and IL-23)
by instigating myeloid dendritic cells (mDCs). These cytokines possibly stimulate TH1 and TH17
cells. The activated Th17 cells produce IL-17, potentially elevating epidermal proliferation and IL-23
secretion by keratinocytes, thus sustaining chronic inflammation in psoriasis [46].

4.2. Omega-3 and Omega-6 Polyunsaturated Fatty Acids in Inflammation

Under normal circumstances, inflammation is an important attribute of the host defense mech-
anism and is also involved in tissue healing. Still, dysregulation in inflammation might lead to
uncurbed tissue damage and certain diseases [47]. AA acts as a precursor of numerous significant pro-
inflammatory regulators like prostaglandins, leukotrienes and associated complexes [47,48]. Higher
intake of ω-3 PUFAs is related to the fractional replacement of AA with EPA and DHA in cell mem-
branes. These ω-3 fatty acids induced reduced amount of AA leads to an anti-inflammatory effect
[48]. Generally, the increased dietary intake of ω-6 PUFAs is associated with elevated inflammation.
Nevertheless, the experimental studies designed to elucidate the impact of increased intake of ω-6 fatty
acids (AA or its long-chain derivative LA) on healthy human beings revealed that levels of numerous
inflammatory markers do not expedite with ω-6 fatty acid intake. Additionally, epidemiological stud-
ies advocated that AA or LA might aid in decreased inflammation. Meanwhile, there exists conflicting
evidence supporting the potential inhibition of ω-3 PUFA-induced anti-inflammatory activities by ω-6
PUFAs. Hence, in inflammation, the interplay between ω-3 and ω-6 PUFAs is intricate and remains
elusive [47].

4.3. Impact of Fatty Acid Levels on Psoriasis Severity and Comorbidities

In an interesting cohort study [49] investigated the correlation of obesity with psoriasis and
reported free fatty acid serum level as the substantial parameter that exacerbates the severity of the
disease. Further, they evaluated the impact of a high-fat diet (rich in SFAs with low levels of PUFAs)
in a psoriasis mouse model and reported that elevated levels of FFAs in both lean and obese mice
profoundly contribute to the aggravation of early inflammation associated with psoriasis. High-fat
diet results in increased levels of SFAs. SFAs are responsible for the escalated inflammatory responses
to pro-inflammatory stimuli, which eventually amplifies keratinocyte activation. Thus, restricting the
intake of saturated fatty acids is suggested as it will ameliorate the symptoms of psoriasis.

Metabolic disturbances, type-2 diabetes, obesity, cardio-metabolic disorders, and hypertension
are common extracutaneous disease manifestations associated with psoriasis. Fatty acids could be
regarded as a link between psoriasis and these comorbidities. To unravel this potential link, [50]
investigated fatty acids serum concentrations obtained from 85 plaque psoriasis patients against 32
controls. The patients were analyzed for characteristics like lipid profile, inflammatory markers, PASI,
BMI, and reported disease-related comorbidity. As anticipated, an aberrant fatty acids profile was
observed in psoriasis patients compared to healthy individuals. Interestingly, this abnormal fatty acid
profile was reported in both obese and non-obese patients. The psoriasis patients with hypertension
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comorbidity exhibited higher levels of SFAs. Moreover, the psoriasis patients having obesity and
hypertension showed an increased SFA/UFA ratio. This ratio could be regarded as a cardio-metabolic
threat marker in psoriasis patients. Furthermore, the saturated and unsaturated fatty acids ratio was
observed to expand with disease time span in both the non-obese and obese patients. The study
extrapolated that an aberrant fatty acids profile might contribute to psoriatic-associated comorbidities
by exhibiting metabolic disturbances.

4.4. The Therapeutic Role of Polyunsaturated Fatty Acids in Psoriasis

These fats are considered beneficial, as they help manage IR, and ease inflammation [17]. A cohort
study suggested dietary interventions by replacing saturated fats with unsaturated fats, particularly
PUFAs, to reduce the risk of heart diseases [51]. In literature, a comparatively lower incidence rate of
inflammatory skin diseases, including psoriasis, is reported in fish-eating individuals than in meat-
eating populations [52]. The PUFAs belonging to ω-3 and ω-9 groups are significant in treating various
cutaneous disorders, including psoriasis, as these PUFAs are suggested as adjunctive treatments based
on their potential therapeutic effects [16]. Stratum corneum is regarded as a safeguarding barrier of
the skin as it protects against the external environment. This outermost layer of the epidermis helps
in modulating hydration and water retention, thus protecting against skin cracking. This layer is
composed of anucleated cells called as corneocytes. These cells are keratinocytes that have achieved the
last level of differentiation. Corneocytes appear to be flat in a lipid-rich extracellular matrix. Atypical
parakeratosis, characterized by insufficient keratinocyte maturation and withholding of nuclei in the
stratum corneum, has been observed in patients suffering from numerous skin diseases, including
psoriasis. Additionally, scaling or flaking of skin caused by unusual parakeratosis is a characteristic
of diseases related to depletion in stratum corneum [53]. The ω-3 and ω-6 fatty acids play a role in
the differentiation and maturation of stratum corneum cells, thus also aiding in the regulation of
the stratum corneum permeability barrier. Moreover, these PUFAs are also crucial in restricting pro-
inflammatory eicosanoids, pro-inflammatory cytokines, and lipoxygenase. These fatty acids also aid in
building sunburn tolerance and wound healing. Further, these PUFAs also assist in the eradication of
malignant cells by stimulating apoptosis [16].

4.4.1. Essential Fatty Acids: Implications for Skin Health

Essential fatty acids (EFA) are not produced by the body, yet they are essential for biological
processes going out in the body to maintain health. Therefore, EFAs must be provided with food. EFAs
include polyunsaturated fatty acids (PUFA) [54]. There are only two essential fatty acids for humans,
alpha-linolenic acid and linoleic acid, and these fatty acids act as parent fats to the ω-3 and ω-6 families
of EFA, respectively [16]. Hence, there exist two families of EFA, which are ω-3 and ω-6 [54]. Lack of
EFA might cause cutaneous disorders. Anomalies in EFA metabolism might play a critical role in skin
diseases like psoriasis, acne, and eczema [55]. EFAs (linoleic acid, ω-6 fatty acid) play a vital role in the
maintenance of epidermis by preventing trans-epidermal water loss. Moreover, EFAs (arachidonic
acid metabolites) act as chief inflammatory agents of the skin. Their role in inflammatory responses
indicates their potential involvement in progression of the skin diseases like atopic dermatitis and
psoriasis. Thus, dietetic and pharmacological regulation of arachidonic acid metabolism is crucial in
the management of inflammatory skin diseases [56].

[50] unraveled the serum fatty acid patterns in psoriasis patients to reveal the possible relation
of fatty acids with disease severity and associated comorbidities. The study revealed disturbances
in fatty acid profiles in all psoriasis patients. In addition, in non-obese patients, a significant link
between lower concentrations of DHA, ω-3 PUFA (p-values 0.044 and 0.048, respectively) and high
levels of MUFAs (p-value = 0.024) with PASI was revealed. Overall, these outcomes suggest that lower
observed levels of PUFAs could stimulate a pro-inflammatory state and cause systemic inflammation
in psoriasis.
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5. Clinical Trials That Assessed the Impact of Fatty Acids in Psoriasis and Psoriatic Arthritis

5.1. Psoriasis

Researchers are conducting experimental studies to evaluate the probable association of fatty
acids with psoriasis and its associated symptoms. Clinical trials that assessed the impact of fatty acids
in psoriasis are given in Table 1 and are described below.

Fish oil has been opted in various studies to evaluate its cosmetic, anti-inflammatory, and ther-
apeutic actions on the skin. Eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA), which
are the ω-3 polyunsaturated fatty acids (PUFAs), are the main active ingredients in fish oil that are
associated with regulating skin homeostasis [57]. Moreover, its intake resulted in favorable outcomes
in treating various skin disorders, including psoriasis and cancer [57]. Because of these reasons, fish oil
is mainly selected in clinical trials to evaluate its potential positive effect on psoriasis. [58] explored
the impact of oily fish and white fish consumption in 18 patients suffering from plaque psoriasis.
Patients were recommended to take 170 g of white fish daily for 4 weeks. Afterward, the patients were
randomly selected to go with the same diet or to replace with fish oil for 6 weeks. After that, the white
and oily fish diets were swapped for 6 weeks. This study reported that oily fish intake resulted in better
clinical outcomes with increased plasma eicosapentaenoic acid levels, therefore, it recommended fish
oil intake as a supplement in psoriasis. The suggested fish types are herring, kipper, mackerel, pilchard,
salmon, and sardine. In another interesting experimental design, the comparative analysis of the
prospective beneficial impacts of fish and corn oils on the clinical indications associated with psoriasis
was studied. [59] examined the influence of long-chain ω-3 fatty acids in 145 psoriatic patients in a
4-month double-blind trial. The experiment was designed to give 6 g of fish oil (very long-chain ω-3
fatty acids) daily or an isoenergetic quantity of corn oil, and patients were counseled to restrict their
saturated fatty acid diet. Afterward, the 48-hour dietary recall was performed, followed by a serum
phospholipid examination of patients. Interestingly, the study revealed no significant alteration in the
Psoriasis Area and Severity Index (PASI) score in both groups. However, in the corn oil group, the
amelioration of clinical symptoms was observed by lessened desquamation, scaling, and redness of
the skin. In the fish oil group, a significantly reduced scaling and cellular infiltration was reported.
The study extrapolated that no notable transformation was detected in clinical symptoms of psoriasis
among fish and corn oil groups. Moreover, the improvement in clinical symptoms in the fish oil group
is not associated with an elevated serum level of very long-chain ω-3 fatty acids. However, in the
corn oil group, improved clinical symptoms are correlated with raised eicosapentaenoic acid and total
ω-3 fatty acids. [60] investigated the effectiveness of intravenously given fish oil (ω-3 fatty acid based
lipid) emulsion on plaque psoriasis patients based on a randomized and double-blinded study design.
Eighty-three plaque psoriasis hospitalized patients from 8 European centers exhibiting a PASI score of
15 (at least), were involved in this study for a period of 2 weeks. Fourty-three patients were randomly
selected to intravenously get the dose of lipid emulsion based on ω-3 fatty acid (Omegavenous; 200 ml
with 4.2 gm of both EPA and docosahexaenoic acid (DHA)) per day. Per day, a typical lipid emulsion
based on ω-6 fatty acid (Lipovenous; EPA+DHA < 0.1 gm/100 ml) was administered to forty randomly
selected patients. The therapy impact was then inspected and followed up based on PASI scores and
self-assessments reported by the patients. In ω-3 and ω-6 groups, the PASI scores were significantly
(p = 0.048) reduced by 11.2 +/- 9.8 and 7.5 +/- 8.8, respectively. Further, comparatively improved
symptoms were observed in ω-3 group based on reduced skin scaling, erythema, and infiltration. No
critical side-effects were seen in both groups. This study extrapolated that ω-3 intravenous injection is
efficacious for alleviating chronic plaque psoriasis symptoms, and this positive effect of the therapy
might correlate with alterations in inflammatory eicosanoid production.

PUFAs possess conclusive therapeutic outcomes in several autoimmune and chronic inflammatory
diseases as these fatty acids notably function in the alterations of the lipid composition of the cell
membrane, cell metabolism & signaling, and gene expression. Hence, the probable beneficial effect
of PUFAs has been investigated in various inflammatory disorders, including psoriasis [61]. [62]

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 August 2024                   doi:10.20944/preprints202408.0858.v1

https://doi.org/10.20944/preprints202408.0858.v1


9 of 21

examined the influence of polyunsaturated ethyl ester lipids (Angiosan) in psoriasis and psoriasis
arthritis. A total of 80 psoriasis patients were enrolled in this trial, and 34 of these were also suffering
from psoriasis arthritis. The patients were given eicosapentaenoic acid ethyl ester 1122 mg and
docosahexaenoic acid ethyl ester 756 mg per day. PASI score was taken before, after 6 and 8 months
of treatment. Remarkably, the before-treatment PASI score of 3.56 reduced to 1.98 after 4 months
and further significantly scaled down to 1.24 when calculated after 6 months of treatment (P < 0.001).
Overall, favorable clinical outcomes were achieved from the trial. Participants reported reduced skin
pruritus (itchy skin), scaling, and plaques. Seven patients were cured completely; 14 exhibited more
than 75% recovery, while 14 showed unsatisfactory outcomes. Most of the psoriasis arthritis patients
reported alleviated symptoms with reduced joint pain. Hence, the study deduced that polyunsaturated
ethyl ester lipids might be taken as potent adjuvant in both psoriasis and psoriasis arthritis treatment.
In another study, [63] explored the influence of ω-3 PUFAs in patients suffering from psoriasis. In a
randomized, double-blind, and placebo-controlled study design, 20 patients were enrolled who were
hospitalized for acute guttate psoriasis. These patients were grouped to receive infusions with ω-3
lipid or the conventional ω-6 lipid emulsions for 10 days. Subjective scoring of clinical indicators
provided by the patients and the scoring of disease symptoms like erythema, desquamation, and
infiltration were utilized to measure the disease severity. These scores were recorded at baseline and
within 10 days. Ordinary mitigations in disease symptoms were observed in patients who received
the ω-6 lipid regimen, as indicated by the differences in scores (16-25%). Yet, all patients in the ω-3
lipid emulsion group exhibited notable amelioration in clinical manifestations by showing significant
(p < 0.05) differences in all scores (45-76%). Response to both these regimens was different. In the
case ω-3 regimen, more than a 10-fold upsurge of neutrophil EPA-derived 5-1ipoxygenase product
formation was reported, while this trend was not observed in the ω-6 group. On the other hand, the
production of neutrophil platelet-activating factor (PAF) was elevated in the case of the ω-6 regimen
and declined in the ω-3 regimen. The study concluded that ω-3 lipids infusions resulted in favorable
clinical outcomes on inflammatory cutaneous scales in guttate psoriasis by regulating the eicosanoid
metabolism.

Long-chain ω-3 fatty acids are observed to facilitate favorable clinical outcomes in some chronic
inflammatory diseases, like inflammatory bowel disease (IBS), rheumatoid arthritis, and asthma by
expediting anti-inflammatory actions [64]. In a clinical trial, [65] examined the influence of food
supplementation of long-chain ω-3 PUFAs on the propagation of T-cells, secretion of ILs (IL-2 & IL-6)
and TNF from T-cells, and expression of interleukin-2 receptor alpha-chain (CD25 ) in psoriasis and
atopic dermatitis. In this study, 19 psoriasis $ 21 atopic dermatitis patients, and 20 healthy individuals
were enrolled. The severity of the diseases in patients was classified as moderate to severe based
on PASI in psoriasis, and Hanifin and Rajka score in atopic dermatitis. Twenty-one patients were
administered 6 g of EPA and DHA in the form of gelatin capsules per day with their routine diet for 4
months. Whereas 19 patients in the control group were given 6 g of corn oil per day in gelatin capsules
for 4 months. Psoriasis patients exhibited a relatively higher IL-6 generation for atopic dermatitis
patients. However, a similar trend was observed in IL-2 and TNF secretion, T-cell propagation, and
CD25 expression in both disease sub-groups. After the trial, patients in ω-3 fatty acids group displayed
a significant (p < 0.05) decline in CD25-positive lymphocytes. In the corn oil group, elevated measures
of TNF were detected in patients. Hence, the study deduced that the supplementation of ω-3 PUFAs
might be associated with anti-inflammatory actions by impeding the expression of CD25-positive
lymphocytes in psoriasis and atopic dermatitis.

Psoriasis is associated with metabolic syndrome [66,67] based on symptoms like IR, abdominal
obesity, nonalcoholic fatty liver disease (NAFLD), type 2 diabetes, and high blood pressure [66]. [68]
examined the influence of food supplements along with etanercept therapy (anti-TNFα treatment),
on 40 psoriasis patients who also exhibited the symptoms of metabolic syndrome. The study was
specifically designed to analyze the anticipated improvement in metabolic syndrome symptoms after
food supplementation (containing Q10 coenzyme, Krill oil, lipoic acid, resveratrol, Vitis vinifera seed oil,
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vitamin E and selenium) during etanercept therapy. The patients were split into two groups. The first
group was treated with etanercept therapy only, while the second received food supplementation along
with the therapy. The study concluded that anti-TNFα treatment along with food supplementation
might aid in regulating normal lipid profile in psoriasis patients who also suffered from metabolic
syndrome.

Obesity is indicated by the raised levels of pro-inflammatory cytokines, which mainly include
TNF-α, IL-6, and acute-phase proteins such as C-reactive protein (CRP). Additionally, a lower level
of anti-inflammatory cytokines (adiponectin) is reported in obese individuals. Obesity aggravates
psoriasis symptoms and contributes to the worsened response to systemic treatments [37]. In a
randomized control clinical trial, [69] evaluated the impact of an energy-restricted (rich in ω-3 PUFA
and reduced in ω-6 PUFA) diet in 44 obese plaque psoriasis patients who were receiving immune-
modulating drugs all through the study. Low-level systemic inflammation in obese psoriasis patients
is attributed to poor response to immuno-modulating drugs. Enrolled patients either continued their
habitual diet or were administrated with an energy-restricted diet (constituting an average of 2.6g
ω-3 PUFA per day) for 6 months. The effect of diets on metabolic markers and clinical response to
immune-modulating treatment was evaluated. A significant reduction (p < 0.05) in PASI, itch score,
and Dermatological Life Quality Index were observed compared to baseline in the energy-restricted
group. Additionally, a notable decline in weight, serum total cholesterol, and waist circumference was
observed in the control group. Hence, the study concluded that the energy-restricted diet (rich in ω-3
PUFA and reduced in ω-6 PUFA) considerably improved the metabolic profile and treatment response
to immunotherapy in obese plaque psoriasis patients.

Topical therapy plays a critical role in managing all types and severity of psoriasis. Mostly it is
sufficient to treat mild, and acts as an adjuvant in moderate to severe state [70]. Topical corticosteroids
show anti-inflammatory, immunosuppressive, and antiproliferative characteristics. Consequently, they
are widely used for treating various skin diseases, including psoriasis [71]. However, unfavorable
effects like striae and atrophy are observed after long-term usage of these agents. For that reason,
corticosteroids are mixed with other topical agents to enhance their effect and safety profile for long-
term use[70]. In a placebo-control and double-blind study, [? ] examined the impact of ω-3 PUFAs as a
topical therapy in psoriasis for 8 weeks. 53 moderate to severe psoriasis patients were enrolled. In
each patient, two stable and comparable psoriasis lesions were assigned as indicator lesions. 2 topical
preparations were made by using purified ω-3 PUFAs (at 1 and 10% concentrations). One indicator
lesion was then randomly treated with any of the 2 prepared topical preparations, while the second
indicator lesion was applied with a placebo. The changes in the indicators like erythema, pruritus,
desquamation, local psoriasis severity index, and area involved were considered to measure efficacy.
Interestingly, all indicator lesions, including both the ω-3 PUFAs and placebo-treated, improved
remarkably after 8 months. Moreover, the therapy was well taken as no clinically associated adverse
effects were reported. The study conveyed no clinical and statistically related variance between
ω-3 PUFAs and placebo-treated topical medications for treating psoriasis lesions in a randomized
and double-blind study design. In another fascinating study, [72] investigated the impact of topical
administration of olive oil, honey, and beeswax mixture alone and in combination with corticosteroids,
on patients suffering from psoriasis vulgaris and atopic dermatitis in a single-blinded study. A total of
18 psoriasis patients were enrolled in this study. Out of these, 10 were given clobetasol propionate
medication (corticosteroid). A total of 21 atopic dermatitis patients enrolled, and out of these 11 were
treated with betamethasone medication (corticosteroid). A blend of honey, which contained olive oil,
beeswax, and honey in equal ratios (1:1:1) was prepared. Afterward, this blend was mixed in a ratio of
1:1, 2:1, and 3:1 with corticosteroids to produce mixture A, B and C, respectively. Dermatitis patients
were put through bilateral half-body comparability to investigate the impact of honey blend versus
vaseline, or mixture A versus Vaseline and betamethasone blend (1:1) in patients taking betamethasone
medication. In psoriasis patients, the outcome of the honey blend was compared against paraffin, or
mixture A versus paraffin-clobetasol propionate blend (1:1) in patients who were taking clobetasol
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propionate medication. The participants were then assessed for symptoms like scaling, redness, and
itching. In the honey blend group, 8/10 dermatitis and 5/8 psoriasis patients exhibited remarkable
improvement after treatment. 5/11 dermatitis and 5/10 psoriasis participants showed no worsening
symptoms upon decreasing 75% corticosteroid dosage by applying mixture C. Hence, the study
recommended honey blend topical usage for mitigating symptoms in dermatitis and psoriasis vulgaris.

5.2. Psoriatic Arthritis

Psoriatic arthritis is chronic inflammatory arthritis having an intricate etiology. It is indicated
by immune-mediated inflammation of joints, skin, and/or other organs. About 20 to 30% psoriasis
patients also suffer from psoriatic arthritis. Both genetic and environmental aspects contribute to
defining its sophisticated pathogenesis. Certain infections or mechanical stress are factors that might
elicit inflammatory activities, like the production of IL-23, in joints and skin. IL-23 is regarded as the
significant cytokine involved in the development of both psoriasis and psoriatic arthritis [73]. The
clinical trials that evaluated the impact of consumption of fatty acids on psoriasis arthritis are given in
Table 2 and are described below.

In an interesting double-blinded pilot study, [74] evaluated the effect of oral treatment with seal
oil in psoriasis arthritis patients. A total of 43 patients entered the study and orally received either seal
oil or soy oil (as control) for 2 weeks. Clinical and biochemical variables were observed at baseline, on
completion of the trial (2 weeks), and 4 weeks after the trial. During the treatment, patients continued
their daily dosage of NSAID and disease-modifying antirheumatic drugs (DMARD). Twenty enrolled
patients in each group completed the trial, thus making a total of 40 patients. Remarkable progress
in the global assessment of the disease was observed (p < 0.01) in the seal oil group after 4 weeks of
treatment. Both groups exhibited amelioration in the tender joint count, with insignificant differences
between them. Moreover, in the seal oil group, declines in the ratios of ω-6 to ω-3 PUFAs, and in
AA to EPA were significantly (p < 0.01) observed. Additionally, 20% of enrolled patients in the trial
showed increased calprotectin (S100A8-A9) levels in feces. It might depict asymptomatic colitis in
these patients. The study concluded that patients treated with seal oil showed moderate progress in
the global evaluation of the disease, along with alleviation in tender joints. Further, the change in
the fatty acid serum composition might indicate an anti-inflammatory impact. Consequently, seal oil
treatment might provoke therapeutic outcomes similar to NSAID in psoriasis arthritis.

Marine ω-3 PUFAs and γ-linolenic acid are known for anti-inflammatory activities. In a ran-
domized and placebo-controlled (olive oil) human intervention trial, [75] evaluated the effect of
anti-inflammatory activities of these fatty acids alone or combined, on blood lipids, in patients who
had psoriatic arthritis or rheumatoid arthritis. 60 patients, including 6 with psoriatic arthritis and 54
with rheumatoid arthritis, were randomly divided into 4 groups in a double-blinded study design. 47
participants completed the study. The patients in groups 1 & 2 received 3 grams/day of long-chain ω-3
PUFAs and 3.2 grams/day of γ-linolenic acid, respectively. Group 3 received the combination of both
(1.6 grams of ω-3 PUFAs and 1.8 grams of γ-linolenic acid per day), and group 4 received 3 grams/day
of olive oil as control, in the form of capsules, for 12 weeks. The clinical status of the patients was
noted, and blood samples were collected for evaluation before and after these interventions. Group 1
exhibited significant (p ≤ 0.001) declines in the ratio of AA to EPA, from 6.5 ± 3.7 to 2.7 ± 2.1 present
in plasma lipids, and 25.1 ± 10.1 to 7.2 ± 4.7 found in the membrane of erythrocytes. However, no
significant impact of these interventions on the AA to EPA ratio was observed in groups 2, 3, and 4. A
remarkable upsurge in the concentrations of γ-linolenic acid and dihomo-γ-linolenic acid found in
cholesteryl esters, the membrane of erythrocytes, and plasma lipids, were observed in group 2 due to
the consumption of γ-linolenic acid. In group 3, the consumption of both ω-3 PUFAs and γ-linolenic
resulted in an upsurge in the concentrations of γ-linolenic acid and dihomo-γ-linolenic acid found
in cholesteryl esters, the membrane of erythrocytes, and plasma lipids. Yet this rise was merely half
compared to group 2.
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In a randomized, double-blind, and placebo-controlled study, [76] evaluated the effect of marine
ω-3 PUFAs on cardiac autonomic and hemodynamic function in psoriasis arthritis patients. 145
patients were enrolled for 24 weeks and were given 3 grams of either ω-3 PUFAs (I the form of fish
intake) or olive oil. Clinical parameters like Heart rate & heart rate variability (HRV), blood pressure &
central blood pressure, pulse wave velocity (PWV), and granulocyte fatty acids composition were noted
at baseline and end of the trial. This study reported significant (p = 0.03) differences in the average of
all normal RR intervals (time interval noted between two successive R waves in the electrocardiogram)
noted at baseline when compared to patients having maximum vs minimum ω-3 PUFAs intake. In
ω-3 PUFAs group a rise in RR (p= 0.13) and a decline in heart rate (p= 0.12) were observed compared
to the control (olive oil group) after the supplementation. Whereas, a significant (p= 0.01) rise and
decline in RR intervals and heart rate, respectively, were observed in the ω-3 PUFAs group compared
to the control. The clinical parameters of blood pressure & central blood pressure, and PWV remained
the same after the supplementation in ω-3 PUFAs group. The study extrapolated the prospective
protective outcomes of ω-3 PUFAs consumption against cardiovascular diseases in psoriasis arthritis
patients based on the observed increased RR intervals.

Psoriasis patients, particularly those with concomitant psoriatic arthritis, showed a higher intake
of analgesics (for alleviating joint pain) in comparison to the general population [77]. In a compelling
study, [78] assessed the marine ω-3 PUFA impact on inflammatory biomarkers and consumption
of analgesics (non-steroidal anti-inflammatory drug (NSAID) and paracetamol) in psoriatic arthritis
patients. In a randomized and double-blind study design, 145 psoriatic arthritis patients were enrolled.
They were either given 3 g of ω-3 PUFA or olive oil (as control) supplementation per day, for 24 weeks.
133 patients finished the study. Both ω-3 PUFA and control groups exhibited a significant decline in
Disease Activity Score (DAS28-CRP) and PASI compared to baseline. However, a significant decrease
in consumption of analgesics (p = 0.04) and leukotriene B4 generation were observed in ω-3 PUFA
group concerning the control group.

Changes in the expression of extracellular matrix (ECM) are associated with the characteristic
inflammatory nature of psoriasis [79]. [80] conducted a study to analyze the impact of ω-3 PUFA
on ECM metabolites in psoriasis arthritis patients compared to controls based on a randomized and
double-blind design. A total of 142 psoriasis arthritis patients were given dietary fish oil (ω-3 PUFA)
for 24 weeks. 57 normal individuals were also included as a reference. Serum ECM metabolite levels
were compared between controls and patients (taken at baseline and after 24 weeks of treatment). As
anticipated, the study concluded elevated tissue turnover based on increased ECM metabolite proteins
in psoriasis arthritis compared to controls. However, consumption of ω-3 PUFA resulted in no impact
on tissue turnover in psoriasis arthritis.
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Table 1. Clinical studies that assessed the impact of fatty acids in psoriasis

Sr. no. Fatty acid No. of patients Patient info Year Region Combined
with Intake type PMID &

Reference

1
polyunsaturated ethyl ester lipids
(Angiosan) 80

psoriasis and
psoriatic arthritis 1990 Finland -

food
supplementation

PMID: 2139859
[62]

2 oily fish consumption 18 plaque psoriasis 1993 UK -
food
supplementation

PMID: 8491161
[58]

3 fish and corn oils 145
moderate to
severe psoriasis 1993 Norway -

food
supplementation

PMID: 8502270
[59]

4 lipid infusion (ω-3 PUFAs) 20 guttate psoriasis 1993 Germany - infusions
PMID: 8219661
[63]

5 Highly purified ω-3 PUFAs 52
moderate plaque
psoriasis 1993 Germany - topical

PMID: 8286257
ZEPELIN et al.

6 ω-3 PUFAs (long-chain)
19 psoriasis and
21 atopic dermatitis

moderate to severe
psoriasis and
atopic dermatitis

1994 Norway -
food
supplementation

PMID: 8050452
[65]

7 lipid emulsion (fish oil based) 83 plaque psoriasis 1998 Europe -
intravenously
administrated

PMID: 9555791
[60]

8
natural honey, beeswax and
olive oil mixture

18 psoriasis,
21 dermatitis

psoriasis and
dermatitis 2003 UAE - topical

PMID: 15022655
[72]

9

nutraceutical comprising
Q10 coenzyme,
Krill-oil, lipoic acid, resveratrol,
Vitis vinifera seed oil,
vitamin E and selenium

40
moderate to severe
psoriasis 2013 Italy

anti-TNFα
treatment

food
supplementation

PMID: 24442048
[68]

10 ω-3 PUFAs rich diet 44
obese patients with
plaque psoriasis 2013 Italy

mmuno-suppressive
drugs

food
supplementation

PMID: 24120032
[69]
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Table 2. Clinical studies that assessed the impact of fatty acids in psoriasis arthritis

Sr. no. Fatty acid No. of patients Patient info Year Region Combined
with Intake type PMID &

Reference

1 seal oil 43 Psoriatic arthritis 2006 Norway - oral treatment
PMID: 16465662
[74]

2
ω-3 PUFA and
γ-linolenic acid 60

6 Psoriatic arthritis and
54 rheumatoid arthritis 2011 Germany -

food
supplementation

PMID: 21816071
[75]

3 marine ω-3 PUFA 145 Psoriatic arthritis 2016 Denmark -
food
supplementation

PMID: 27955663
[76]

4 marine ω-3 PUFA 145 Psoriatic arthritis 2018 Denmark -
food
supplementation

PMID: 28303758
[78]

5
Dietary fish oils
(ω-3 PUFA) 142 Psoriatic arthritis 2021 Denmark -

food
supplementation

PMID: 33885930
[80]
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6. Discussion

The significant role of fatty acids, particularly PUFAs, is unquestionable in human health. The
deficiency of ω-6 PUFA (linoleic acid) is correlated with the formation of scales and water loss from
the epidermis. Moreover, PUFAs might stimulate antiproliferative and anti-inflammatory cutaneous
metabolites. Hence, it is suggested that PUFAs enriched dietary supplementations, like vegetable and
fish oils, might be beneficial in managing inflammatory skin disorders or could be taken as an adjunct
along with standard medical treatments [82]. A diet, that contains higher levels of ω-6 to ω-3 PUFAs
(western diet), facilitates the progression of many autoimmune and inflammatory diseases, including
cardiovascular diseases and cancers. While the declining level of ω-6 to ω-3 PUFAs, which indicates
an increased ω-3 PUFA consumption, is linked with preventing the pathogenesis of these diseases.
This is because ω-3 PUFAs are attributed to generating anti-inflammatory effects, as these fatty acids
might suppress the activity of cytokines (like TNF-α, IL-1β, and IL-6) [83]. Inflammation, which is
the hallmark of psoriasis, is instigated by the overexpression of cytokines during the disease state of
psoriasis [41].

EFAs (ω-3 and ω-6) also play a significant role in the inhibition of pro-inflammatory cytokines,
progression of wound healing, and augmentation of apoptosis in malignant cells. On that account, EFAs
are also considered an adjunctive treatment in diverse skin diseases like acne vulgaris, atopic dermatitis,
and psoriasis [16]. ω-3 EFA α-linolenic acid, and its long-chain derivatives DHA & EPA are essentially
involved in functioning and maintaining structures of membranes of the retina and CNS (central
nervous system) [14]. PUFAs are significant in regulating inflammation and immunity. Dietary intake
of ω-6 PUFAs is relatively higher than ω-3 PUFAs. AA, an ω-6 PUFA, is involved in the generation of
inflammatory mediators belonging to the eicosanoid family. In this way, AA impacts inflammatory
cells by modulating cytokine production and regulates the immune system’s equilibriums. The intake
of ω-3 PUFAs, mainly provided from fish and fish oil, declines the concentration of AA in the cell
membrane. This decline of AA lessens the eicosanoid production. Therefore, ω-3 PUFAs are regarded
as AA antagonists. These ω-3 fatty acids could also potentially influence the activities of innate and
adaptive immune systems by either acting as AA antagonist or through eicosanoid-independent
mechanisms [84].

Because of the discussed significant characteristics of PUFAs in modulating inflammatory cellular
responses, several experimental studies have been conducted intending to evaluate the anticipated
therapeutic outcomes in various inflammatory diseases, including psoriasis. The current review covers
the clinical trials conducted to investigate the impact of fatty acids in psoriasis (and psoriatic arthritis)
based on the inclusion criteria stated in the introduction section. The observed favorable outcomes of
clinical trials in psoriasis that are covered in the current review are shown in Figure 2.
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Figure 2. Clinical favorable outcomes of dietary fats when consumed as food supplementation,
intravenously administrated, and taken along with medical treatment.

Fish oils are enriched with ω-3 PUFAs; therefore, they are widely selected in clinical trials of
inflammatory diseases (including psoriasis) to evaluate the likely anti-inflammatory responses. For
instance, a study [58] suggested the supplementation with fish oils of herring, kipper, mackerel,
pilchard, salmon, and sardine for improved clinical symptoms in plaque psoriasis. As these fish oil
supplementations caused elevated EPA levels in patients. Likewise, another clinical trial [59] reported
favorable clinical outcomes in psoriasis patients who took fish oil supplements. The improvements
were indicated as diminishing scaling. Additionally, no considerable difference was observed between
the outcomes of supplementation with corn and fish oil groups in psoriasis. In another clinical trial
[60], intravenously administration of fish oil resulted in relief in classical clinical manifestations of
chronic plaque psoriasis, as indicated by reduced scaling, erythema, and infiltration. This study also
reported improved symptoms in both ω-3 (fish oil) and ω-6 PUFAs groups with no adverse effects;
however, comparatively better clinical outcomes were observed in the fish oil group.

Angiosan (polyunsaturated ethyl ester lipids) food supplementation in psoriasis patients who
were also suffering from psoriatic arthritis resulted in a significantly scaled-down PASI score along
with overall relief from the symptoms and joint pain. Therefore, angiosan could be taken as an adjuvant
during the course of psoriasis and psoriasis arthritis treatment [62]. Nutritional supplementation
with ω-3 PUFAs in guttate psoriasis resulted in therapeutic outcomes as depicted by reduced scaling
[63]. Long-chain ω-3 PUFAs food supplementation resulted in amelioration of symptoms, which is
associated with anti-inflammatory activity caused by decreased expression of CD25 positive lympho-
cytes [65]. In psoriasis patients, who showed metabolic syndrome, the effect of food supplementation
(containing Q10 coenzyme, Krill-oil, lipoic acid, resveratrol, Vitis vinifera seed oil, vitamin E, and
selenium) combined with anti-TNFα treatment resulted in maintaining normal lipid profile [68]. In
obese psoriasis patients, administration of energy-restricted (rich in ω-3 PUFA and reduced in ω-6
PUFA) diet reduces weight, waist circumference, and total serum control. It also resulted in a better
response to an immune-modulating therapy along with an improved metabolic profile.

As topical therapy, ω-3 PUFAs produced no significant improvement in clinical symptoms with
no adverse effects while treating moderate to severe psoriasis compared to placebo ZEPELIN et al..
However, another study reported mitigating psoriasis vulgaris symptoms after topical treatment with
olive oil, honey, and beeswax mixture [72]. In psoriatic arthritis, food supplementation with seal oil
resulted in beneficial therapeutic results like amelioration in tender joints similar to NSAIDs [74].
In addition, food supplementation with marine ω-3 PUFAs in psoriasis arthritis patients generated
protective effects against cardiovascular diseases [76]. Fascinatingly, another study reported that
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analgesic intake significantly reduced in psoriatic arthritis after food supplementation with ω-3 PUFAs
[78]. Nevertheless, the consumption of ω-3 PUFAs produced no considerable impact on elevated levels
of ECM metabolites (linked with inflammation) in psoriasis arthritis [80].

Long-chain saturated fatty acids are more prone to stimulate IR, inflammation and fat storage
in the body compared to the medium-chain SFAs and MUFAs [85]. Long-chain SFAs, include stearic
and palmitic acids found in butter and palm oil, respectively. Hence, these fats should be avoided
in psoriasis. Whereas, medium chain saturated fats and MUFAs include lauric acid and oleic acid,
respectively. Lauric acid is present in coconut oil and olive oil is chiefly enriched with oleic acid.
Accordingly, olive and coconut oils are favorable options to include in the diet for psoriasis patients
[85]. In grownups, a diet rich in SFAs underlines the risk of obesity based on the fat mass and obesity-
associated gene [86]. Although obesity is a significant risk factor in psoriasis [35–37,49] reported that
diet containing high amounts of fats, particularly saturated fatty acids, might elevate early cutaneous
inflammation in psoriasis patients irrespective of obesity.

7. Conclusion

Obesity, a risk factor in psoriasis, and a high-fat diet (rich in saturated fats) might exacerbate pso-
riasis symptoms and result in poor response to medical treatment. However, based on the discussion
of clinical trials, the current review suggests that a balanced, hypocaloric diet, which is rich in ω-3
PUFAs, might aid in managing both psoriasis and psoriatic arthritis along with conventional medical
treatments.
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