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Abstract:

Introduction and purpose: Polyunsaturated fatty acids (PUFAs) are a well-known

component of a nutritionally balanced diet. There is a wealth of evidence demonstrating that

the ingestion of these substances enhances health, as they are involved in a multitude of

metabolic processes that are essential for cellular functionality. However, the contemporary

Western diet is distinguished by a reduction in the consumption of omega-3 polyunsaturated

fatty acids (PUFAs). The objective of this review is to present the potential therapeutic

efficacy of omega-3 PUFA supplementation in the most common inflammatory skin disorders,

such as acne vulgaris, atopic dermatitis and psoriasis vulgaris.

State of knowledge: Acne vulgaris, atopic dermatitis and psoriasis vulgaris differ in terms of

their pathophysiology. However, they are all characterised by underlying inflammatory

processes. Omega-3 fatty acids have been demonstrated to possess anti-inflammatory
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properties. They are capable of modulating both the innate and the adaptive immune

responses, thereby alleviating the symptoms of the aforementioned skin disorders.

Summary: Given the pluripotent anti-inflammatory qualities of omega-3 polyunsaturated

fatty acids, it is reasonable to conclude that they have the potential to become an effective

therapeutic tool in the management of inflammatory skin diseases.

Key words: omega-3 fatty acids; acne vulgaris; psoriasis; atopic dermatitis

1. Introduction

Polyunsaturated fatty acids (PUFAs) are a well-established component of a healthy

diet. The consumption of these products has been demonstrated to positively affect health,

with the potential to reduce the incidence of certain diseases [1] . As they are involved in a

number of metabolic processes in cellular function, these nutrients are of vital importance.

Nevertheless, numerous studies have demonstrated that their consumption is inadequate [2–4].

PUFAs are fatty acids, characterised by multiple double bonds in their chemical

structure. Among the various types of PUFAs omega-3 and omega-6 fatty acids are of

particular importance. Omega-3 PUFAs encompass, among others, alpha-linolenic acid (ALA;

C18:3n-3), eicosapentaenoic acid (EPA; C20:5n-3) and docosahexaenoic acid (DHA; C22:6n-

3). The chemical formulae of these compounds are presented in Figure 1. The main acids

belonging to the omega-6 PUFAs are linoleic acid (LA; C18:2n-6), gamma-linolenic acid

(GLA; C18:3n-6) and arachidonic acid (AA; C20:4n-6), whose chemical structures are

illustrated in Figure 2. ALA and LA fatty acids are regarded as essential fatty acids due to the

inability of the human body, as well as other mammals, to synthesise them internally.

Consequently, these fatty acids must be obtained from dietary sources such as marine animals

and plants. Among the most efficacious dietary sources are fish oils, flaxseeds, and walnuts

[5].
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Omega-3 PUFAs are an integral part of the composition of phospholipids and

cholesterol esters, which are crucial for the formation of membrane structures in cells,

particularly in the brain and retina [6]. Moreover, they are also precursors of the intracellular

synthesis of eicosanoids, which are bioactive lipid mediators that play critical roles in

inflammation, immunity, and as signalling molecules in various physiological processes [7,8].

A number of studies have demonstrated that omega-3 PUFAs may play a protective

role in reducing the incidence of cardiovascular disease [9]. Furthermore, omega-3 PUFAs are

of significant importance for brain health, as they support cognitive function and may

potentially reduce the risk of neurodegenerative diseases such as Alzheimer's disease [10,11].

Additionally, they have the potential to improve mental disorders [12]. Omega-3 PUFAs have

been shown to have significant anti-inflammatory properties, which may help in the

management of chronic inflammatory diseases, such as rheumatoid arthritis. Furthermore,

ALA EPA DHA

Figure 1. Chemical structures of omega-3 polyunsaturated fatty acids. Abbreviations: alpha-linolenic acid ALA; EPA,
eicosapentaenoic acid; DHA, docosahexaenoic acid. The chemical structures were generated using the MolView tool

(molview.org).

LA GLA AA

Figure 2. Chemical structures of omega-6 polyunsaturated fatty acids. Abbreviations: LA, linoleic acid; GLA, gamma-
linolenic acid; AA, arachidonic acid. The chemical structures were generated using the MolView tool (molview.org).
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research indicates that omega-3 PUFAs may contribute to the reduction of the risk and

progression of certain digestive system cancers [13].

Building on their anti-inflammatory and immunomodulatory properties [14], as well as

potential anti-cancer effects [15], omega-3 PUFAs are also being investigated for their impact

on dermatological conditions [16,17] . This review aims to explore the influence of omega-3

PUFAs on various dermatological conditions, with a particular focus on their therapeutic

potential in managing skin inflammation.

2. Acne vulgaris

Acne vulgaris is a prevalent inflammatory skin disease, with an estimated global

incidence of over 630 million cases [18] . It is estimated that approximately 80% of the

population experiences acne to some extent at least once during their lives [19].

2.1. The pathogenesis

The pathophysiology of acne is multifactorial, with various compounds playing a role

on a molecular and cellular level. Nevertheless, an analysis of the pathogenesis reveals that it

can be broken down into four key factors, namely: increased sebum secretion,

hyperproliferation of commensal bacteria, mainly Cutibacterium acnes, epithelial

hyperkeratinisation within the pilosebaceous follicles, and inflammatory mechanisms [19–22].

From a molecular perspective, it appears that insulin-like growth factor-1 (IGF-1) functions as

a binding agent between the four determinants. A positive correlation between the quantity of

acne lesions and serum concentration of IGF-1 has been observed [20]. Developing sebocytes,

along with suprabasal cells of sebaceous ducts, exhibit the most pronounced expression of

IGF-1, a factor that stimulates lipogenesis within these cells [23] . Together with androgen

hormones, IGF-1 is responsible for the promotion of excessive sebum production. However,

concurrently, insulin-like growth factor 1 increases androgen levels itself. Consecutively,

androgens lead to an increase in IGF-1 plasma concentration, creating a positive feedback

loop. The final result is hyperseborrhea which remains one of the key factors of acne [22].

2.2. Acne vulgaris and fatty acids

Omega-3 PUFAs have been observed to decrease IGF-1 levels, which has a

multifaceted effect on acne-affected skin [20,22,24]. A decline in IGF-1 serum concentration

enables the inhibition of mTORC1 signalling, which in turn downregulates the transcription

of SREBP-1, consecutively leading to decreased sebum secretion and sebocyte proliferation
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[22,25–27] . Furthermore, the inhibition of the mTORC1 pathway results in a reduction in

androgen synthesis, which contributes to the decline in both sebum and IGF-1 production [21].

The supplementation of omega-3 PUFAs has been demonstrated to be an effective

means of counteracting the inflammatory processes associated with acne. A study conducted

by Jung et al. [28] found that daily supplementation of 2000 mg of EPA and DHA over the

course of 10 weeks led to a significant reduction in inflammatory acne lesions [29]. IL-1, IL-6,

IL-8 and TNF-α are pro-inflammatory cytokines that play a pivotal role in the

pathophysiology of acne [30]. Omega-3 PUFAs have been shown to suppress their secretion,

as well as their expression in sebocytes [24,25,28,31]. Furthermore, in their study, Jung et al.

concluded that a 10-week long daily supplementation of 400 mg of γ-linolenic acid had a

similar inhibitory effect on the aforementioned cytokines by means of prostaglandin E1

(PGE1) production [28] . Finally, it has been suggested that omega-3 and omega-6 PUFAs

hinder the synthesis of leukotriene B4, thereby reducing inflammation [20,22,24,27,28].

3. Atopic dermatitis

Atopic dermatitis, also known as atopic eczema, is one of the most common chronic

inflammatory skin conditions, affecting up to 20% of individuals over their lifetime [32][33].

This disease typically begins in infancy and manifests as dry skin with scaly, itchy,

erythematous lesions and lichenification [34] . The lesions are typically located in

characteristic areas such as elbow and knee flexures [35].

3.1. The pathogenesis

The pathogenesis of atopic eczema is complicated and multicausal, including a

defective skin barrier, an imbalance in cell-mediated immune responses, immunoglobulin E

mediated hypersensitivity, and environmental factors [36] . However, epidermal barrier

dysfunction and immune dysregulation seem to be crucial. The theory of immune imbalance

assumes that atopic dermatitis is caused by an imbalance in T cells - the imbalance between T

helper (Th)2 vs. Th1/Th17 cells is observed during the early phase of atopic dermatitis, while

a mixed Th1/Th2 pattern of inflammation is typically present during the chronic stage. The

predominance of Th2 results in an elevated synthesis of interleukins, mainly IL-4, IL-5, and

IL-13. This, in turn, leads to elevated levels of IgE, while the differentiation of Th1 is

correspondingly inhibited [37][38]. The concept of skin barrier dysfunction as a pathogenesis

of atopic dermatitis is based on the finding that mutations in the filaggrin gene might cause

inflammation and infiltration of T cells, resulting in the development of atopic dermatitis

[35] [32] . Moreover, not having enough filaggrin can cause severe atopic dermatitis by
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potentially increasing the trans-epidermal loss of water, altering skin pH, and causing

dehydration [36] . The loss of barrier integrity is believed to allow allergens, pollutants, and

microorganisms to penetrate, triggering an inflammatory immune response that leads to

sensitization and the development of a proinflammatory atopic state. Overall, both defective

epidermal barrier and type 2 (T2) inflammation are strongly associated with the development

of eczema lesions [39].

3.2. Atopic dermatitis and fatty acids

Recent studies suggest that a deficiency in fatty acids may be associated with the

development of atopic dermatitis [40] . The changes in stratum corneum lipid composition

indicate the significance of ceramides and free fatty acids for skin barrier dysfunction in

atopic dermatitis [41] . J.A.W. van Gool et al. conducted a study to examine whether

supplementing 118 infants at risk with gamma-linolenic acid (GLA) can potentially prevent

the development of atopic dermatitis. During the first six months of life, the participants

received a borage oil supplement containing 100 mg of GLA or a placebo of sunflower oil

daily. When they were 1 year old, the researchers assessed the severity of atopic dermatitis

and the total serum IgE levels. The intervention did not have an impact on total serum IgE.

However, it did tend to reduce the severity of atopic dermatitis throughout later infancy in

these children [42] . Meta-analysis by Anandan et al. revealed that supplementation with

omega-3 and omega-6 oils did not have a protective effect on atopic dermatitis development

[43] . Another study aimed to investigate if omega-3 PUFAs supplementation during

pregnancy can reduce the risk of eczema among children of different ages. Jia et al.

conducted a meta-analysis including 7 studies and 1,646 mother-infant pairs. They found that

the intervention cannot reduce the risk of eczema or IgE-associated atopic dermatitis in

children [44] . Researchers also conducted studies on the impact of dietary supplementation

with PUFAs on the symptoms of atopic dermatitis. The study by Eriksenim revealed that

administration of antioxidants combined with PUFAs improved symptoms of eczema in 14 of

17 patients by more than 50% after 8 weeks and 16 weeks of treatment. However, the sample

size was very small [45]. Nevertheless, a study with a larger sample size found that there were

no significant differences in atopic dermatitis symptoms between the group treated with fish

oil and the placebo group [46] . According to other study omega-3 FA-based lipid infusions

are beneficial in hospitalized patients with moderate-to-severe atopic dermatitis [47].
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The results of the studies are not coherent. It seems unlikely that FAs provide

protection against the development of atopic dermatitis. The efficacy of dietary

supplementation with PUFAs in alleviating symptoms of eczema remains inconclusive. The

majority of the studies had a small sample size. Thus, additional prospective randomized

clinical trials with a larger sample size are needed to reach final conclusions.

4. Psoriasis

Psoriasis is a chronic, non-infectious inflammatory skin condition with global

prevalence rates that vary from approximately 1% to 3% [48] . Despite the existence of

distinct clinical phenotypes, plaque type or psoriasis vulgaris remains the most common

[49,50]. The lesions are typically well-defined erythematous plaques covered with waxy white

scales. The scalp, the hair margin, the trunk and the extensor surfaces of the knees and elbows

are the most characteristic locations for psoriatic lesions to occur [49–51].

4.1.The pathogenesis

Despite the continued inability to identify a singular cause of psoriasis, it is evident

that autoimmune mechanisms, in conjunction with a genetic predisposition and environmental

factors, play a role in its development [49]. The formation of lesions is a consequence of the

reduction in the turnover time, which is accompanied by an increase in the proliferation rate

of epidermal cells. As psoriatic lesions have been found to consist of both keratinocytes and

leukocytes, it seems as if the main underlying cause of the disease is a disruption between the

innate and adaptive immune responses. Various environmental triggers may lead to the

activation of dendritic cells, which in turn prompts them to synthesize IL-23, IL-12 and TNF-

α. IL-23 and IL-12 are involved in the differentiation of T helper (Th)17 and Th1 cells.

Consequently, Th17 secrete interleukins, namely IL-17 and IL-22. This process results in the

uncontrolled proliferation of keratinocytes, which ultimately leads to the formation of

psoriatic plaques [50,51] . Furthermore, IL-17 induces the expression of CCL20, which

functions as an attractant for Th17 cells, thus creating a positive feedback loop [49] .

Activation of T cells creates a pro-inflammatory environment by means of arachidonic acid.

Several pro-inflammatory compounds are derived from it, including prostaglandins,

thromboxanes and leukotrienes [51]. Prostaglandin E2 (PGE2) has been shown to promote the

production of IL-23 by dendritic cells, facilitating the differentiation of Th17, which in turn
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secrete IL-17 [52] . In conclusion, the IL-23/Th17 axis is the most important factor in the

pathophysiology of psoriasis vulgaris.

4.2. Psoriasis and fatty acids

Recently, there has been a growing interest in the anti-inflammatory and pluripotential

qualities of omega-3 FAs in the context of psoriasis. In a study by Qin et al. [53], the impact

of endogenous omega-3 PUFAs on the development of psoriasis-like lesions in a fat-1

transgenic mouse model subjected to IMQ induction was investigated. Transgenic mice

expressing the fat-1 gene are capable of endogenously converting omega-6 PUFAs to omega-

3 PUFAs, which act as anti-inflammatory agents. The study concluded that omega-3 PUFAs

target the hallmark of psoriatic lesions, namely the IL-23/Th17 axis. A reduction in the

number of Th17 cells has been observed, accompanied by a reduction in the levels of pro-

inflammatory interleukins, including IL-17, IL-22, and IL-23. Consequently, the process of

uncontrolled proliferation of keratinocytes is significantly inhibited, resulting in a reduction in

plaque formation. In addition, omega-3 PUFAs have been demonstrated to stimulate the

secretion of anti-inflammatory agents, such as Foxp3, by regulatory T cells (Treg cells),

thereby suppressing inflammation within the skin [53,54]. Resolvin E1 (RvE1) is a derivative

of EPA, which acts as a lipid mediator. The compound's mechanism of action involves the

inhibition of the stimulation of dendritic cells, which in turn results in the failure to secrete IL-

23. By blocking the signalling of LTB4, RvE1 additionally suppresses the migration of Th17

[52] , thereby decreasing the overall pro-inflammatory environment. Omega-3 PUFA

supplementation has been demonstrated to significantly reduce PASI score, scaling and

erythema in psoriatic patients [29,51,55,56] . Nevertheless, Clark et al. [51] observed more

pronounced improvements with dosages above 1800 mg/day and durations of less than 8

weeks. Despite the promising effects in terms of the aforementioned factors, research remains

inconclusive with respect to the reduction of itching, desquamation, percentage of total body

surface area affected (%TBSA) and infiltration [51,56] . Consequently, further research is

required to address these remaining uncertainties.

5. Discussion

The referenced studies underscore the potential therapeutic benefits of omega-3

PUFAs for various skin diseases. However, there is a paucity of evidence-based guidelines

regarding omega-3 PUFAs supplementation specifically for dermatological conditions. It is
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also important to note that the available studies have certain limitations, including

methodological, small research sample sizes and sample bias. In addition, different doses and

sources of omega-3 PUFAs can lead to different biological effects.

In general, the literature indicates that the requirement for PUFAs varies according to

age, physiological condition and health status. It is therefore recommended that the daily diet

provides an appropriate amount of PUFAs from both the omega-3 and omega-6 families. The

Adequate Intake (AI) for an adult, as defined by the Nutrition Standards for the Polish

population and their application, is as follows: omega-3 ALA 0.5% of dietary energy (%E),

DHA + EPA two portions of fish per week, including one portion of oily fish or 250 mg/day

and omega-6 LA 4% E [57] . The Food and Nutrition Board of the National Academy of

Medicine has developed intake recommendations for ALA, which state that adult men should

consume 1.6 grams per day and adult women should consume 1.1 grams per day. However,

specific daily recommended amounts for EPA and DHA have not been established. The

American Heart Association (AHA) recommends consuming two servings of fish, particularly

fatty fish, per week. Omega-6 fatty acids, like LA, have an AI of about 14-17 grams per day

for men and 11-12 grams per day for women [58,59].

In addition, research has shown that an important element of PUFA supplementation is

the ratio of omega-6 to omega-3. This disproportionate intake can contribute to inflammation

and the development of various health problems, including cardiovascular disease, cancer and

autoimmune disorders. However, the Western diet is marked by higher consumption of

omega-6 PUFAs, and trans fats, alongside a general reduction in omega-3 PUFAs intake.

Therefore, to mitigate the risks associated with excessive consumption of omega-6 PUFAs, it

is recommended to aim for an optimal omega-6 to omega-3 ratio of 4-5:1 [60,61]. Moreover,

according to Choudhury et al. a ratio of 1:1 or close to that is beneficial for healthy living and

avoiding various health complications [62].

Recent studies have focused on the post-translational role of soluble epoxide hydrolase

(sEH) in skin physiology. sEH metabolises epoxyeicosatrienoic acids (EETs) derived from

PUFAs. EETs promote keratinocyte proliferation and possess anti-inflammatory properties.

However, by converting EETs into less active dihydroxyeicosatrienoic acids (DHETs), sEH

reduces these beneficial effects. Inhibiting sEH increases EET levels, enhancing keratinocyte

proliferation and potentially improving wound healing and inflammatory skin conditions [63].

A further study indicates that a lipidomics-based approach which employs modern analytical

techniques, can provide more accurate identification of various lipid types and elucidate the
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role of each one. The authors of the study emphasise the advantages of lipidomics analysis

and the necessity for further research integrating the medical fields of genomics, proteomics,

microbiomes, and exosomes [64].

6. Conclusions

Omega-3 PUFAs, due to their anti-inflammatory and immunomodulatory properties, show

promising therapeutic potential in the management of various skin conditions, including acne

vulgaris, atopic dermatitis and psoriasis vulgaris. Nevertheless, further research is required to

better understand the mechanisms of action of omega-3 PUFAs and to determine their

recommended doses, efficacy and safety in the treatment of skin diseases.

Author's Contribution: Conceptualization: EW, AMK; methodology: OS; software: KS;

check: KB, AK, KC; formal analysis: EO, KB; investigation: OŁ, KC; resources: OŁ, EW;

data curation: JJ; writing – rough preparation: EW, AMK, OŁ, OS, KC, JJ, AK, KS, EO, KB;

writing – review and editing: EW, AMK, JJ, OS, EO, KB, OŁ, KS, KC, AK; visualization:

OS, EO; supervision: EW, AMK; project administration: OŁ, KS, AK, KC; All authors

have read and agreed with the published version of the manuscript.

Disclosures

Funding:

This research received no external funding.

Institutional Review Board Statement:

Not applicable.

Informed Consent Statement:

Not applicable.

Data Availability Statement:

Not applicable.

Conflict of Interest Statement:

The authors declare no conflict of interest.

References:

[1] Shahidi F, Ambigaipalan P. Omega-3 Polyunsaturated Fatty Acids and Their Health Benefits
2018. https://doi.org/10.1146/annurev-food-111317.



13

[2] Redruello-Requejo M, Samaniego-Vaesken M de L, Puga AM, Montero-Bravo A, Ruperto M,
Rodríguez-Alonso P, et al. Omega-3 and Omega-6 Polyunsaturated Fatty Acid Intakes,
Determinants and Dietary Sources in the Spanish Population: Findings from the ANIBES
Study. Nutrients 2023;15:562. https://doi.org/10.3390/nu15030562.

[3] Stark KD, Van Elswyk ME, Higgins MR, Weatherford CA, Salem N. Global survey of the
omega-3 fatty acids, docosahexaenoic acid and eicosapentaenoic acid in the blood stream of
healthy adults. Prog Lipid Res 2016;63:132–52. https://doi.org/10.1016/j.plipres.2016.05.001.

[4] Murphy RA, Devarshi PP, Ekimura S, Marshall K, Hazels Mitmesser S. Long-chain omega-3
fatty acid serum concentrations across life stages in the USA: an analysis of NHANES 2011–
2012. BMJ Open 2021;11:e043301. https://doi.org/10.1136/bmjopen-2020-043301.

[5] Kapoor R, Patil *. MiniReview Importance and production of omega-3 fatty acids from
natural sources. vol. 18. 2011.

[6] Innis SM. Perinatal biochemistry and physiology of long-chain polyunsaturated fatty acids. J
Pediatr 2003;143:1–8. https://doi.org/10.1067/S0022-3476(03)00396-2.

[7] Calder PC. Mechanisms of action of (n-3) fatty acids. Journal of Nutrition 2012;142.
https://doi.org/10.3945/jn.111.155259.

[8] Tapiero H, Nguyen Ba G, Couvreur P, Tew KD. Polyunsaturated fatty acids (PUFA) and
eicosanoids in human health and pathologies. Biomedicine & Pharmacotherapy 2002;56:215–
22. https://doi.org/10.1016/S0753-3322(02)00193-2.

[9] Sherratt SCR, Mason RP, Libby P, Steg PG, Bhatt DL. Do patients benefit from omega-3
fatty acids? Cardiovasc Res 2023;119:2884–901. https://doi.org/10.1093/cvr/cvad188.

[10] Gao X, Su X, Han X, Wen H, Cheng C, Zhang S, et al. Unsaturated Fatty Acids in Mental
Disorders: An Umbrella Review of Meta‐Analyses. Advances in Nutrition 2022;13:2217–36.
https://doi.org/10.1093/advances/nmac084.

[11] Hartnett KB, Ferguson BJ, Hecht PM, Schuster LE, Shenker JI, Mehr DR, et al. Potential
Neuroprotective Effects of Dietary Omega-3 Fatty Acids on Stress in Alzheimer’s Disease.
Biomolecules 2023;13:1096. https://doi.org/10.3390/biom13071096.

[12] Patrick RP, Ames BN. Vitamin D and the omega‐3 fatty acids control serotonin synthesis and
action, part 2: relevance for ADHD, bipolar disorder, schizophrenia, and impulsive behavior.
The FASEB Journal 2015;29:2207–22. https://doi.org/10.1096/fj.14-268342.

[13] Wang J, Zhang Y, Zhao L. Omega-3 PUFA intake and the risk of digestive system cancers: A
meta-analysis of observational studies. Medicine (United States) 2020;99:E20119.
https://doi.org/10.1097/MD.0000000000020119.

[14] Wang Z, Zhao F, Xu C, Zhang Q, Ren H, Huang X, et al. Metabolic reprogramming in skin
wound healing. Burns Trauma 2024;12. https://doi.org/10.1093/burnst/tkad047.

[15] Serini S, Fasano E, Celleno L, Cittadini A, Calviello G. Potential of long-chain n-3
polyunsaturated fatty acids in melanoma prevention. Nutr Rev 2014;72:255–66.
https://doi.org/10.1111/nure.12093.

[16] Pilkington SM, Rhodes LE. Omega-3 Fatty Acids and Skin. Nutrition for Healthy Skin,
Berlin, Heidelberg: Springer Berlin Heidelberg; 2010, p. 91–107. https://doi.org/10.1007/978-
3-642-12264-4_9.

[17] Sawada Y, Saito-Sasaki N, Nakamura M. Omega 3 Fatty Acid and Skin Diseases. Front
Immunol 2021;11. https://doi.org/10.3389/fimmu.2020.623052.

[18] Vos T, Allen C, Arora M, Barber RM, Bhutta ZA, Brown A, et al. Global, regional, and
national incidence, prevalence, and years lived with disability for 310 diseases and injuries,
1990–2015: a systematic analysis for the Global Burden of Disease Study 2015. The Lancet
2016;388:1545–602. https://doi.org/10.1016/S0140-6736(16)31678-6.

[19] Purdy S, De Berker D. Acne. Br Med J 2006;333:949–53.
https://doi.org/10.1136/bmj.38987.606701.80.



14

[20] Kucharska A, Szmurło A, Sinska B. Significance of diet in treated and untreated acne vulgaris.
Postepy Dermatol Alergol 2016;33:81–6. https://doi.org/10.5114/ada.2016.59146.

[21] Ryguła I, Pikiewicz W, Kaminiów K. Impact of Diet and Nutrition in Patients with Acne
Vulgaris. Nutrients 2024;16:1476. https://doi.org/10.3390/nu16101476.

[22] Baldwin H, Tan J. Effects of Diet on Acne and Its Response to Treatment. Am J Clin
Dermatol 2021;22:55–65. https://doi.org/10.1007/s40257-020-00542-y.

[23] Melnik BC, Schmitz G. Role of insulin, insulin-like growth factor-1, hyperglycaemic food
and milk consumption in the pathogenesis of acne vulgaris. Exp Dermatol 2009;18:833–41.
https://doi.org/10.1111/j.1600-0625.2009.00924.x.

[24] Bowe WP, Joshi SS, Shalita AR. Diet and acne. J Am Acad Dermatol 2010;63:124–41.
https://doi.org/10.1016/j.jaad.2009.07.043.

[25] Conforti C, Agozzino M, Emendato G, Fai A, Fichera F, Marangi GF, et al. Acne and diet: a
review. Int J Dermatol 2022;61:930–4. https://doi.org/10.1111/ijd.15862.

[26] Guertler A, Neu K, Fiedler T, Kuna AC, Kämmerer T, Lill D, et al. Clinical effects of omega-
3 fatty acids on acne vulgaris. JDDG - Journal of the German Society of Dermatology
2022;20:1023–7. https://doi.org/10.1111/ddg.14779.

[27] Balić A, Vlašić D, Žužul K, Marinović B, Mokos ZB. Omega-3 versus Omega-6
polyunsaturated fatty acids in the prevention and treatment of inflammatory skin diseases. Int
J Mol Sci 2020;21. https://doi.org/10.3390/ijms21030741.

[28] Jung JY, Kwon HH, Hong JS, Yoon JY, Park MS, Jang MY, et al. Effect of dietary
supplementation with omega-3 fatty acid and gamma-linolenic acid on acne vulgaris: A
randomised, double-blind, controlled trial. Acta Derm Venereol 2014;94:521–6.
https://doi.org/10.2340/00015555-1802.

[29] Thomsen BJ, Chow EY, Sapijaszko MJ. The Potential Uses of Omega-3 Fatty Acids in
Dermatology: A Review. J Cutan Med Surg 2020;24:481–94.
https://doi.org/10.1177/1203475420929925.

[30] Cong TX, Hao D, Wen X, Li XH, He G, Jiang X. From pathogenesis of acne vulgaris to anti-
acne agents. Arch Dermatol Res 2019;311:337–49. https://doi.org/10.1007/s00403-019-
01908-x.

[31] Rubin MG, Kim K, Logan AC. Acne vulgaris, mental health and omega-3 fatty acids: A
report of cases. Lipids Health Dis 2008;7. https://doi.org/10.1186/1476-511X-7-36.

[32] Weidinger S, Beck LA, Bieber T, Kabashima K, Irvine AD. Atopic dermatitis. Nat Rev Dis
Primers 2018;4. https://doi.org/10.1038/S41572-018-0001-Z.

[33] Weidinger S, Novak N. Atopic dermatitis. Lancet 2016;387:1109–22.
https://doi.org/10.1016/S0140-6736(15)00149-X.

[34] Kolb L, Ferrer-Bruker SJ. Atopic Dermatitis. StatPearls 2023.
[35] Thomsen SF. Atopic Dermatitis: Natural History, Diagnosis, and Treatment. ISRN Allergy

2014;2014:1–7. https://doi.org/10.1155/2014/354250.
[36] David Boothe W, Tarbox JA, Tarbox MB. Atopic Dermatitis: Pathophysiology. Adv Exp

Med Biol 2017;1027:21–37. https://doi.org/10.1007/978-3-319-64804-0_3.
[37] Thomsen SF. Atopic Dermatitis: Natural History, Diagnosis, and Treatment. ISRN Allergy

2014;2014:1–7. https://doi.org/10.1155/2014/354250.
[38] Orciani M, Campanati A, Caffarini M, Ganzetti G, Consales V, Lucarini G, et al. T helper

(Th)1, Th17 and Th2 imbalance in mesenchymal stem cells of adult patients with atopic
dermatitis: at the origin of the problem. Br J Dermatol 2017;176:1569–76.
https://doi.org/10.1111/BJD.15078.

[39] Maintz L, Bieber T, Simpson HD, Demessant-Flavigny AL. From Skin Barrier Dysfunction
to Systemic Impact of Atopic Dermatitis: Implications for a Precision Approach in
Dermocosmetics and Medicine. J Pers Med 2022;12. https://doi.org/10.3390/JPM12060893.



15

[40] Lin JY, Ma LJ, Yuan JP, Yu P, Bai BX. Causal effects of fatty acids on atopic dermatitis: A
Mendelian randomization study. Front Nutr 2023;10.
https://doi.org/10.3389/FNUT.2023.1083455.

[41] van Smeden J, Janssens M, Kaye ECJ, Caspers PJ, Lavrijsen AP, Vreeken RJ, et al. The
importance of free fatty acid chain length for the skin barrier function in atopic eczema
patients. Exp Dermatol 2014;23:45–52. https://doi.org/10.1111/EXD.12293.

[42] van Gool CJAW, Thijs C, Henquet CJM, van Houwelingen AC, Dagnelie PC, Schrander J, et
al. Gamma-linolenic acid supplementation for prophylaxis of atopic dermatitis--a randomized
controlled trial in infants at high familial risk. Am J Clin Nutr 2003;77:943–51.
https://doi.org/10.1093/AJCN/77.4.943.

[43] Anandan C, Nurmatov U, Sheikh A. Omega 3 and 6 oils for primary prevention of allergic
disease: systematic review and meta-analysis. Allergy 2009;64:840–8.
https://doi.org/10.1111/J.1398-9995.2009.02042.X.

[44] Jia Y, Huang Y, Wang H, Jiang H. Effect of Prenatal Omega-3 Polyunsaturated Fatty Acid
Supplementation on Childhood Eczema: A Systematic Review and Meta-Analysis. Int Arch
Allergy Immunol 2023;184:21–32. https://doi.org/10.1159/000526366.

[45] Eriksen BB, Kåre DL. Open trial of supplements of omega 3 and 6 fatty acids, vitamins and
minerals in atopic dermatitis. J Dermatolog Treat 2006;17:82–5.
https://doi.org/10.1080/09546630600621946.

[46] SØYLAND E, FUNK J, RAJKA G, SANDBERG M, THUNE P, RUSTAD L, et al. Dietary
supplementation with very long-chain n-3 fatty acids in patients with atopic dermatitis. A
double-blind, multicentre study. Br J Dermatol 1994;130:757–64.
https://doi.org/10.1111/J.1365-2133.1994.TB03414.X.

[47] Mayser P, Mayer K, Mahloudjian M, Benzing S, Krämer HJ, Schill WB, et al. A double-blind,
randomized, placebo-controlled trial of n-3 versus n-6 fatty acid-based lipid infusion in atopic
dermatitis. Journal of Parenteral and Enteral Nutrition 2002;26:151–8.
https://doi.org/10.1177/0148607102026003151.

[48] Parisi R, Symmons DPM, Griffiths CEM, Ashcroft DM. Global epidemiology of psoriasis: A
systematic review of incidence and prevalence. Journal of Investigative Dermatology
2013;133:377–85. https://doi.org/10.1038/jid.2012.339.

[49] M Griffiths CE, Armstrong AW, Gudjonsson JE, W N Barker JN. Psoriasis. vol. 397. 2021.
[50] Rendon A, Schäkel K. Psoriasis pathogenesis and treatment. Int J Mol Sci 2019;20.

https://doi.org/10.3390/ijms20061475.
[51] Clark CCT, Taghizadeh M, Nahavandi M, Jafarnejad S. Efficacy of ω-3 supplementation in

patients with psoriasis: a meta-analysis of randomized controlled trials. Clin Rheumatol
2019;38:977–88. https://doi.org/10.1007/s10067-019-04456-x.

[52] Honda T, Kabashima K. Current understanding of the role of dietary lipids in the
pathophysiology of psoriasis. J Dermatol Sci 2019;94:314–20.
https://doi.org/10.1016/j.jdermsci.2019.05.003.

[53] Qin S, Wen J, Bai XC, Chen TY, Zheng RC, Zhou G Bin, et al. Endogenous n-3
polyunsaturated fatty acids protect against imiquimod-induced psoriasis-like inflammation via
the IL-17/IL-23 axis. Mol Med Rep 2014;9:2097–104.
https://doi.org/10.3892/mmr.2014.2136.

[54] Su R, Zhao S, Zhang J, Cao M, Peng S. Metabolic influences on T cell in psoriasis: a
literature review. Front Immunol 2023;14. https://doi.org/10.3389/fimmu.2023.1279846.

[55] Chen X, Hong S, Sun X, Xu W, Li H, Ma T, et al. Efficacy of fish oil and its components in
the management of psoriasis: A systematic review of 18 randomized controlled trials. Nutr
Rev 2020;78:827–40. https://doi.org/10.1093/nutrit/nuz098.



16

[56] Upala S, Yong WC, Theparee T, Sanguankeo A. Effect of omega-3 fatty acids on disease
severity in patients with psoriasis: A systematic review. Int J Rheum Dis 2017;20:442–50.
https://doi.org/10.1111/1756-185X.13051.

[57] Jarosz M, Rychlik E, Stoś K, Charzewska Jadwiga. Normy żywienia dla populacji Polski i ich
zastosowanie. Vol. 83. Warsaw, Poland: Narodowy Instytut Zdrowia Publicznego-Państwowy
Zakład Higieny, 2020.

[58] National Academies of Sciences E and M. Dietary Reference Intakes for Energy,
Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids. Washington,
DC: The National Academies Press; 2005.

[59] Omega-3 Fatty Acids Fact Sheet for Health Professionals 2023.
https://ods.od.nih.gov/factsheets/Omega3FattyAcids-HealthProfessional/ (accessed February
15, 2023).

[60] Mariamenatu AH, Abdu EM. Overconsumption of Omega-6 Polyunsaturated Fatty Acids
(PUFAs) versus Deficiency of Omega-3 PUFAs in Modern-Day Diets: The Disturbing Factor
for Their “Balanced Antagonistic Metabolic Functions” in the Human Body. J Lipids
2021;2021:1–15. https://doi.org/10.1155/2021/8848161.

[61] Patterson E, Wall R, Fitzgerald GF, Ross RP, Stanton C. Health Implications of High Dietary
Omega-6 Polyunsaturated Fatty Acids. J Nutr Metab 2012;2012:1–16.
https://doi.org/10.1155/2012/539426.

[62] Choudhury P, Gogoi B, Gogoi N, Chandra Talukdar N, Devi R, Kumar Samanta S, et al.
Exploring the Role of Omega-6/Omega-3 Ratio in Disease Management: Insights from
Dietary Impact and Molecular Docking Analyses. vol. 2. n.d.

[63] Naeem Z, Zukunft S, Huard A, Hu J, Hammock BD, Weigert A, et al. Role of the soluble
epoxide hydrolase in keratinocyte proliferation and sensitivity of skin to inflammatory stimuli.
Biomedicine & Pharmacotherapy 2024;171:116127.
https://doi.org/10.1016/j.biopha.2024.116127.

[64] Nowowiejska J, Baran A, Flisiak I. Lipid Alterations and Metabolism Disturbances in
Selected Inflammatory Skin Diseases. Int J Mol Sci 2023;24:7053.
https://doi.org/10.3390/ijms24087053.


