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Backgrounds and aims: Psoriasis is a skin disorder affecting approximately 2e3% of the global population.
While research has revealed a strong genetic component, there are few studies exploring the extent to
which lifestyle factors influence psoriasis pathogenesis. The aim of this review was to describe the role of
lifestyle factors as both a potential cause and treatment for psoriasis. The review also examines the
underlying mechanisms through which these lifestyle factors may operate.
Methods: This narrative review aims to incorporate current knowledge relating to both lifestyle and
pathogenetic factors that contribute to and alleviate psoriasis presentation. Studies reporting the effect of
an inflammatory diet and potential dietary benefits are reported, as well as insights into the effects of
stress, smoking and alcohol, insulin resistance and exercise.
Results: Poor nutrition and low Omega 3 fatty acid intake, likely combined with fat malabsorption caused
by gut dysbiosis and systemic inflammation, are associated with psoriasis. The data strongly suggest that
improvements to disease severity can be made through dietary and lifestyle interventions and increased
physical activity. Less conclusive, although worthy of mention, is the beneficial effect of bile acid
supplementation.
Conclusions: Lifestyle interventions are a promising treatment for psoriasis and its associated co-
morbidities. However, gaps and inadequacies exist within the literature, e.g. methodology, absence of
a unified scoring system, lack of controlled clinical data and lack of studies without simultaneous usage
of biologics or alternative therapies. Future directions should focus on high quality cohort studies and
clinical trials.

© 2019 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Background and aims

Psoriasis is thought to be the most common autoimmune dis-
ease in America [1] and as many as 180 million people suffer from
psoriasis worldwide [2]. It has a well-documented emotional and
social burden, capable of significantly impairing an individual's
quality of life [3]. The skin typically presents with well-defined red
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lesions, white scales and epidermal thickening. This occurs most
commonly on the knees, elbows, scalp and lower back area [4] and
is frequently accompanied by itching or pain [3]. Psoriasis onset
manifests in two distinct age peaks: 19 and 58.5 years old, with
some variation observed between males and females [5]. Psoriasis
also has a proven genetic link [6,7]. Almost half of early-onset
psoriatics' parents (mother or father) were also found to suffer
from psoriasis, a trend which was not observed in late-onset sub-
jects [5]. Although the visible nature of psoriasis symptoms makes
it easy to assume that the condition extends only to the skin's
surface, it is, in fact, more accurate to consider it as a representation
of chronic inflammation, mediated by a dysfunctional immune
system. Figure 1 demonstrates the extensive involvement of the
ism. All rights reserved.
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Abbreviations

BMI body mass index
CD cluster of differentiation
COX cyclooxygenase
cPLA2 cytosolic phospholipase A2
CRH corticotropin-releasing hormone
CRP C-reactive protein
DAMP damage-associated molecular protein
EPA eicosapentaenoic acid
DAPSA Disease Activity in Psoriatic Arthritis
DGLA dihomo-gamma linolenic acid
DHA docosahexaenoic acid
FODMAPs Fermentable Oligosaccharides, Disaccharides,

Monosaccharides and Polyols
FXR farnesoid X receptor
GLA gamma linolenic acid
GLUT glucose transporter
HDL high density lipoprotein
HETE hydroxy-eicosatetraenoic acid
HODE hydroxyoctadecadienoic acid
HPA Hypothalamic-Pituitary-Adrenal
HSD hydroxysteroid dehydrogenase
IFN interferon
IgA immunoglobulin A
IL interleukin
IRS insulin receptor substrate
JAK-STAT Janus Kinase-Signal Transducer and Activator of

Transcription

LDL low density lipoprotein
LOX lipoxygenase
LPS lipopolysaccharides
LysoPL lysophospholipid
MAPK mitogen activated protein kinase
MDA Minimal Disease Activity
MET metabolic equivalent of task
NF nuclear factor
NK natural killer
PAMP pathogen-associated molecular protein
PASI psoriasis area severity index
PKC protein kinase C
PPAR peroxisome proliferator activated receptor
PRRs pattern recognition receptors
PUFA polyunsaturated fatty acid
RAS renin-angiotensin system
RNA ribonucleic acid
ROS reactive oxygen species
SIBO small intestinal bacterial overgrowth
sPLA2 secretory phospholipase A2
STAT signal transducer and activator of transcription
Th T helper
TLRs toll-like receptors
TNF tumour necrosis factor
Tregs regulatory T cells
UV Ultraviolet
VEGF vascular endothelial growth factor

Fig. 1. Diagram of normal skin vs. psoriatic skin. The epidermis (1-5) consists of the stratum basale (1), the stratum spinosum (2), the stratum granulosum (3), the stratum lucidum (4)
and the stratum corneum (5). Keratinocytes, which are the predominant cell in the epidermis, are formed in the stratum basale. Normally, keratinocytes gradually push upwards in
response to desquamation at the skin's surface. Psoriatic skin is characterised by a thinning epidermal layer, a diminished stratum granulosum and elongated ridges or retes.
Accelerated keratinocyte migration results in Parakeratosis, where nuclei are still present in the stratum corneum. Munro's Microabscesses and Micropustules of Kogoj are char-
acteristic features of psoriasis and develop following mass infiltration of neutrophils, particularly following increased angiogenesis.
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immune system in psoriasis presentation and the evident disrup-
tion both above and below the skin's surface. Furthermore, psori-
asis has an association with other systemic comorbidities such as
cardiovascular disease, metabolic syndrome, Crohn's disease and
non-alcoholic fatty liver disease [3].
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Despite the multitude of psoriasis-related articles (currently,
Pubmed > 45,000), there exists a disconnect between its causation
and its pathogenesis. This is facilitated by a lack of understanding of
autoimmune inflammatory conditions as a whole and also due to
the lack of replicable pathology in animal models. A 2016 Global
heir associated pathogenetic mechanisms impact psoriasis, Clinical
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Report on Psoriasis, conducted by the World Health Organisation
(WHO), emphasised the importance of conducting research into the
causes of psoriasis, developing new treatments and improving
knowledge amongst health-care practitioners [3]. However, treat-
ment for psoriasis still revolves around symptomatic improvement
through the use of biologic agents, both topical and systemic. Many
of these treatments can provide relief from psoriasis, through their
regulation of keratinocyte proliferation and T-cell activation, but
may preclude long-term usage. For example, immunosuppressants
such as methylprednisolone and methotrexate are frequently used
to treat severe psoriasis despite evidence of worsening following
withdrawal [8], also referred to as the ‘rebound effect.’ However,
treatment is primarily determined by psoriasis severity and other
regimens such as vitamin D analogues, salicylic acid and kerato-
lytics have demonstrated effectiveness, particularly when com-
bined with other therapies [9]. A significant financial burden must
also be considered, with total estimated treatment costs in the U.S.
thought to be in excess of $3 billion per year [10]. There is
increasing interest in recommending lifestyle modifications which
may produce standalone benefits amongst sufferers. Certainly, ev-
idence is accumulating that by incorporating food components
such as Omega-3 polyunsaturated fatty acids or by adopting whole-
diet approaches [11,12] psoriasis severity can be decreased. Despite
this, and an apparent willingness by psoriatics to modify their diet,
only a relatively small number seem to discuss such changes with
their dermatologist [11]. Accordingly, this review aims to present
the evidence linking lifestyle factors with psoriasis and will also
investigate the underlying associated pathogenetic mechanisms.
This is vital to facilitate a holistic treatment plan amongst health-
care providers and to ensure consideration of a best practice
approach for the individual.

1.1. Methods

Given the prevalence of psoriasis worldwide and its associated
high healthcare costs, this review will explore the nutritional and
lifestyle interventions, which have been used in its treatment. This
is a narrative review which incorporates studies that demonstrate
known effects of an inflammatory diet and poor lifestyle on pso-
riasis pathogenesis and its association with underlying pathoge-
netic mechanisms. These studies were retrieved from PubMed,
using the search term “Inflammatory AND Diet AND Psoriasis”. All
study types were considered due to a lack of available data. Clinical
trials investigating the beneficial effects of diet, whilst excluding
drug treatment, were retrieved from PubMed using the search term
“Diet AND Psoriasis”. Search terms, pertaining specifically to
“psoriasis” and incorporating the Boolean “AND”, using PubMed,
included: bile acid supplementation; Omega-3 fatty acids; stress;
small intestinal bacterial overgrowth/SIBO; nutrition/diet; lifestyle;
inflammation; Hypothalamic-Pituitary-Adrenal (HPA) axis; paneth
cell dysfunction; coeliac; eicosanoid; lipopolysaccharides/endo-
toxins; treatment; smoking and alcohol; vitamin D. Manual
searches for specific authors and journals that have published
related research were also conducted.

2. Results

2.1. Pathogenetic mechanisms

2.1.1. Essential fatty acid metabolism and the eicosanoids
Fatty Acids play an important part in intracellular signalling by

facilitating transcription factors and gene expression [13]. They are
also essential for the formation of skin structure and maintaining
homeostasis [14]. The essential fatty acids are so-named as they
must be obtained from dietary sources and cannot be produced
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within the body. Endogenous conversion of alpha-linolenic acid to
its longer chain derivatives is possible but initial dietary input from
alpha-linolenic acid is required. The few articles documenting the
importance of essential fatty acids fail to mention the seminal
works of Burr and Burr [15,16], who conducted a series of dietary
studies on rats. Rats fed a fat-free diet soon developed scaling and
inflammation of their skin, thus demonstrating the importance of
diet with epidermal homeostasis. Essential fatty acids, alpha-
linolenic acid (n-3) and linoleic acid (n-6) are desaturated and
elongated using the same enzymes however, under normal cir-
cumstances, Omega 3 is selectively incorporated into immune cells
and cell membranes in place of Omega 6 [13]. As a result of Western
Diet consumption, which greatly alters the ratio of Omega 6 to
Omega 3 fatty acids, most polyunsaturated fatty acids (PUFAs)
derive from Omega 6 sources.

Eicosanoids are lipid intermediaries which form the connection
between immune cells and dietary fatty acids [17] through their
ability to regulate inflammation. They are the oxidised derivatives
of 20-carbon PUFAs [18] such as arachidonic acid and eicosa-
pentaenoic acid (EPA) (see Fig. 2). Increased incorporation of both
EPA and docosahexaenoic acid (DHA) into membranes results in
less arachidonic acid eicosanoids being produced [13] and DHA has
been shown to have a suppressive effect on antigen presenting cells
in the epidermis [19]. However, the consequences of aWestern Diet
mean that eicosanoids are mostly produced from arachidonic acid
substrates [20], which results in increased inflammation. Arach-
idonic acid has a particularly potent pro-inflammatory effect due to
its three activated CH2 groups, rendering it susceptible to oxidative
attack and more likely to form free radicals [21]. Eicosanoids such
as prostaglandins and leukotrienes develop a variable structure
depending on the PUFA fromwhich they were generated [20]. This
potentially confers the mechanism by which arachidonic acid
promotes inflammation, whilst EPA alleviates it [20].

Non-enzymatic production of eicosanoids (i.e. not derived
from lipoxygenase (LOX) or cyclooxygenase (COX) etc.) is thought
to result from an overabundance of free PUFAs [21]. PUFAs have a
higher incidence of double bonds, rendering them more suscep-
tible to free radical damage, thus creating an opportunity for
increased membrane damage [22]. Following eventual enzyme
deactivation there is a switch to enzyme-independent production
and increased free radicals can be produced, allowing for the state
of oxidative stress observed in psoriasis and other inflammatory
conditions [21].

Linoleic acid is an important component of fatty acids in the skin
and assists in maintaining the epidermal barrier [14]. In vitro ex-
periments [23] have shown that linoleic acid combined with 15-
LOX produces the metabolites 13-HODE (Hydroxyoctadecadienoic
acid) and, to a lesser extent, 9-HODE (see Fig. 2 above). Ziboh and
colleagues observed an increase in 13-HODE following corn oil
feeding in guinea pigs and found that 13-HODE diacylglycerol can
selectively inhibit protein kinase C (PKC)-b activity [23]. This can
affect hyperproliferation and differentiation at the epidermal level
[23] and competitively inhibits from the production of arachidonic
acid leukotrienes, thus preventing the production of inflammatory
mediators. A double-blind, randomised, placebo-controlled trial
tested the efficacy of a PKC inhibitor on psoriasis [24] and found
that after two weeks of treatment, keratinocyte proliferation,
epidermal thickness and Tcell involvement were reduced. Similarly
EPA and DHA can also inhibit PKC activity and nuclear factor (NF)-
kb activation from free arachidonic acid [25].

Leukotrienes function as potent chemoattractants and also
encourage leukocyte adhesion to endothelial cells [26]. The
importance of leukotriene B4, which is produced from arachidonic
acid and 5-LOX, for intracellular communication and neutrophil
activation and infiltration has been demonstrated in in vivo mouse
heir associated pathogenetic mechanisms impact psoriasis, Clinical



Fig. 2. A simplified version of Omega 6 and Omega 3 metabolism. Inflammatory mediators such as lipopolysaccharides, interferon-g (IFN-g), reactive oxygen species and cell injury
lead to the production of secretory phospholipase A2 (sPLA2). This results in the release of pro-inflammatory lysophospholipid (LysoPL), increased Ca2þ and cytosolic phospholipase
A2 (cPLA2). cPLA2 is translocated to the phospholipid membrane where it incites the release of arachidonic acid and results in eicosanoid production. Most eicosanoids are
produced from arachidonic acid in a Western Diet.
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models [27]. Inhibition of leukotriene B4 demonstrated significant
psoriasis improvement compared with controls in one double-
blind randomised clinical study [28]. Furthermore, heightened
levels of both arachidonic acid and leukotriene B4 have been
observed in psoriatic skin [29]. EPA acts as a substrate for leuko-
triene B5, which opposes the effects of arachidonic acid-derived
leukotriene B4 [25]. Treating psoriasis nutritionally with DGLA,
GLA and EPA is being explored, with the aim of reducing inflam-
matory arachidonic acid eicosanoids such as 12-HETE, which are
commonly found in lesioned psoriatic skin [14].

Psoriasis is characterised by infiltrating cluster of differentiation
(CD)4þ (primarily T helper (Th)1 and Th17 cells), CD8þ T cells [30]
and, especially, aggregating neutrophils in the epidermis [20] (see
Fig. 1). Animal models have revealed that by altering fatty acid
balance within the diet, it is possible to change the composition of
immune cells [13]. One study revealed that ingestion of Omega 3
fatty acids from fish oil was associated with a larger decrease of
interleukin (IL)-2 production and a decreased Th1 response
compared to a diet rich in Omega 6 or saturated fatty acids [31]. The
authors concluded that dietary long-chain Omega 3 fatty acids have
the ability to affect genetic expression, perhaps by encouraging
movement away from a polarised Th1 response [31]. This is of
importance, as observed in a renin-angiotensin system (RAS)
murine-model which found that suppression of IFN-g, a Th1
cytokine, led to decreased neutrophil infiltration and keratinocyte
proliferation in the skin [30].

CD36 has also been implicated in altering lipid metabolism,
following consumption of a high-fat diet [32]. In fact, both CD36
and Glucose Transporter (GLUT) 4 are used by the body, following
insulin stimulation, to increase fatty acid and glucose uptake by the
Please cite this article as: Madden SK et al., How lifestyle factors and t
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cell [32]. Expression of CD36, which is increased in psoriasis [33], is
regulated by peroxisome proliferator activated receptors (PPARs)
[32], of which there are three isoforms. Fatty acids and eicosanoids
are thought to work in tandem with the PPARs [32]. Hydroxylated
fatty acids (e.g. 12-HETE) aggregate in affected psoriatic skin and
assist PPAR-b/d activity [33]. Conversely, PPAR-a is thought to
attenuate inflammatory genes and its expression is decreased in
psoriasis, notably following UVB exposure [34]. Upregulation of
PPAR-a leads to antioxidant enzyme production, which helps alle-
viate the effects of oxidative stress [34]. The isoforms PPAR-b/
d work in the opposite manner and are enhanced in involved
psoriatic skin [2]. They seem to induce the phosphorylation of
signal transducer and activator of transcription (STAT)3, thus
leading to progressive inflammation [35] and the abnormal differ-
entiation observed in psoriatic keratinocytes [2]. Furthermore,
activation of STAT3 in adipose tissue has been demonstrated to
encourage fatty acid oxidation [32].

2.1.2. Metabolic syndrome
One of the most widely used definitions of metabolic syndrome

was devised by the National Cholesterol Education Program (NCEP)
Adult Treatment Panel (ATP) III [36]. A diagnosis of metabolic
syndrome can be made when three out of five of the following
criteria are met: increased fasting blood sugar levels; hypertension;
a higher waist circumference; lowered high density lipoprotein
(HDL) cholesterol levels and hypertriglyceridaemia (see Huang,
2009, for more details) [36]. This is particularly noteworthy as
psoriasis is frequently associated with higher levels of obesity;
diabetes or insulin resistance and serum lipids, such as triglycerides
and total cholesterol [3]. Furthermore, increased prevalence of
heir associated pathogenetic mechanisms impact psoriasis, Clinical
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metabolic syndrome has been observed in psoriatics versus con-
trols [37]. Additionally, although no significant difference was
observed in body weight between psoriatic patients and controls,
they did have a significant increase in overall fat mass vs controls
(p < 0.001) in one observational study [12]. Recent observational
data from the UK Biobank and the Nord-Trøndelag Health Study
(HUNT) in Norway found an average body mass index (BMI) dif-
ference of 1.26 kg/m2 between adult psoriasis patients and controls
and additionally revealed a causal relationship between BMI and
psoriasis [38]. Evidence for this relationship has been further
strengthened with recent uncontrolled clinical trial evidence
demonstrating a positive correlation between disease severity in
psoriatic arthritis sufferers and BMI [39]. Waist circumference,
which is correlated with visceral fat, also has a demonstrated as-
sociation with psoriasis [12]. 13e34% of plaque psoriasis cases are
positively correlated with obesity [40], as are increases in BMI and
waist-to-hip ratios [41]. The importance of obesity as a risk factor
for psoriasis [42] is clear: each unit increase in BMI was associated
with a reported 9% increased risk for psoriasis onset [12,38].
Obesity has also been shown to impair the efficacy of treatment for
psoriasis [43]. However, this association is likely the result of a two-
way relationship, whereby psoriasis is more likely to manifest in
obese individuals and the dysfunctional metabolism of obesity
predisposes those individuals to psoriasis [12].

Most adipose tissue is composed of adipocytes containing a
vacuole filled with triacylglycerides [44] however, it also contains a
stromovascular fraction [45] which is considered to be very meta-
bolically active and capable of producing numerous adipokines
[44]. Adipokines consist of hormones such as adiponectin and
leptin; cytokines such as tumour necrosis factor (TNF)-a and IL-1b;
prostaglandins; growth factors such as vascular endothelial growth
factor (VEGF) and various chemoattractants [44]. Adipocytes and, in
particular, stromal vascular cells seem to propagate their own in-
flammatory status by acting as both the origin and target of
proinflammatory signalling [46]. Obesity is characterised by the
deregulation of the endocrine function of adipocytes, which leads
to a decrease in adiponectin secretion and an increase in leptin
secretion [44]. Importantly, these altered hormone states are also
mirrored in psoriatics [47]. Adiponectin has an antagonistic effect
on TNF-a, meaning its decreased production in psoriatics could
mediate the synthesis of TNF-a [47]. Leptin reduces T-cell regula-
tion [48], induces the secretion of chemoattractants within psori-
atic skin [49] and is thought to induce inflammation and
endothelial dysfunction [44].

Insulin plays an important role in maintaining homeostasis in
the skin by balancing new keratinocyte development in the stratum
basalewith desquamation in the stratum corneum [50]. This balance
is undone in the case of chronic inflammatory conditions like
psoriasis, whereby a proliferation of inflammatory cytokines, acting
through the mitogen activated protein kinase (MAPK) pathway,
cause the degradation of IRS-1 [50]. This leads to the abnormal
differentiation associated with psoriasis, insulin resistance and
other comorbidities. The MAPK pathway, which is enhanced in
affected psoriatic skin [30], is upregulated by pro-inflammatory
cytokine transcription factors such as IL-1b [51] and has been
observed to create similar psoriatic pathologies in transgenic mice
[30]. For a more complete overview of the cytokines associated
with psoriasis development, see Table S1.

Certain pro-inflammatory cytokines, such as TNF-a and IL-1b,
are capable of contributing to insulin resistance and are associated
with psoriasis pathogenesis. The presence of TNF-a causes a pref-
erential serine-phosphorylation of IRS-1, in place of tyrosine. This
induces a conformational change, which renders IRS-1 less capable
of binding with insulin receptors [52]. TNF-a has also been shown
to reduce GLUT 4 protein levels in vitro and produced a 30e40%
Please cite this article as: Madden SK et al., How lifestyle factors and t
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inhibition of glucose uptake by cells following insulin incitation
[53]. Interestingly, a study by the American Heart Association, which
induced insulin resistance in rat cells through aldosterone admin-
istration, found that antioxidants prevented the breakdown of IRS-
1; whereas reactive oxygen species (ROS) and tyrosine kinases and
phosphoinositide-dependent kinase enhance its deterioration [54].
Inhibition of TNF-a generates an increase in HDL cholesterol levels
and blood insulin levels [2]. It was shown by Buerger and colleagues
that induction of insulin resistance, via IL-1b, inhibits insulin-
controlled keratinocyte differentiation and thus confers the
pathway through which late onset psoriasis might progress [51,55].
Recalling that 58.5 years is one of the two distinct age peaks for the
onset of psoriasis [5], it is worthy of mention that adults between
the ages of 45 and 64 have a considerably greater rate of diagnosis
for diabetes [56].

2.1.3. The gut connection
The gut wall consists of mucus-covered epithelial cells joined by

tight junctions and forms a protective barrier between the blood-
stream and bacteria. It is further organised into crypts, villi and
microvilli. Paneth cells are found at the base of these crypts and
produce bactericidal granules e.g. lysozyme [57]. Paneth cell
dysfunction may be a potential mechanism for increased intestinal
permeability and tight junction disruption. A small study investi-
gating the correlation between psoriasis development and intesti-
nal dysfunction found significantly higher incidence (P < 0.05) of
intestinal permeability in subjects with psoriasis compared to
healthy controls, irrespective of psoriasis severity [58]. Addition-
ally, application of a regimented diet and improvement to the
digestive system does have scientific merit for rectifying psoriasis-
associated abnormalities [6,59]. Coeliac disease has been observed
to have a higher prevalence among psoriatics versus controls,
P < 0.0001 [6] and, furthermore, antigliadin antibody IgA was
shown to be present at higher levels in psoriatic patients when
compared with controls, P < 0.05 [60]. It has been proposed that
this association is mediated by either a genetic component or via
abnormal intestinal barrier function [6].

The gastrointestinal microbiota performs many important roles
within the body: it produces secondary bile acids [59], thereby
assisting in fat metabolism; it aids the development of the immune
system; it helps with vitamin synthesis [61] and it competes
against pathogens for adhesion sites. This creates and maintains
intestinal homeostasis. However, inflammation of the intestines
and poor diet can contribute to alteration of the microbiota
composition [59]. Small intestinal bacterial overgrowth (SIBO) is a
gastrointestinal condition distinguished by a proliferation of
pathogenic bacteria residing in the small intestine. It is charac-
terised by a lowered villous to crypt ratio and is a common cause of
undiagnosed malnutrition, particularly in the elderly [62]. Whilst
there is a scarcity of studies relating to SIBO and psoriasis, there are
numerous mentions of lipopolysaccharide and psoriasis in the
literature [63e65]. The Western Diet generates increased lipo-
polysaccharide levels [66] and inflammatory eicosanoids [13]
which could mediate psoriasis pathogenesis.

Lipopolysaccharide (LPS) or endotoxin are derived from gram-
negative bacteria and act as Pathogen-Associated Molecular Pat-
terns (PAMPs) [67] that bind to Pattern Recognition Receptors
(PRRs), e.g. Toll-like receptors (TLRs), on immune cells to stimulate
pro-inflammatory cytokine responses. Higher LPS binding protein
levels, which correlate to serum levels of LPS, were observed in
psoriatics that demonstrated signs of metabolic syndrome [65]. LPS
can also be defined as damage-associated molecular patterns
(DAMPs) due to its damage-inducing endotoxic effect [68]. Endo-
toxin excess leads to the development of chronic low-grade
inflammation, which can have system-wide effects [66]. Increases
heir associated pathogenetic mechanisms impact psoriasis, Clinical
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can be determined by diet, for example a combination of high fat
(type not specified) and sucrose generated elevated LPS levels and
reduced occludin in rats [66]. Occludin is a transmembrane protein
which regulates epithelial tight junctions [69]. Mice treated with
LPS were shown to demonstrate occludin disruption and relocation
caused by TNF, resulting in increased intestinal permeability [70].
Moreover, increased intestinal permeability leads to bacterial
translocation across the gut, raised LPS levels in the bloodstream
and contributes to systemic inflammation [66].

As discussed in section 2.1.1, psoriasis aetiology is typically
thought to result from disturbances to lipid metabolism [2]. The
dysbiosis observed in SIBO is capable of increasing the bacterial
deconjugation of bile acids which leads to fat malabsorption [71].
This can develop into a decline in fat-soluble vitamins and altered
T-cell function [71]. The increase of unconjugated bile acids causes
a rise in integral membrane protein dissociation, which creates a
further increase in intestinal permeability [72]. SIBO [73] and en-
dotoxins [63e65] have been linked to psoriasis development,
however details of its pathogenesis require further research.

Peroxisome metabolism could be the link between nutrition,
endotoxins and psoriasis generation. Peroxisomes are involved in
the breakdown of hydrogen peroxide to water, eicosanoid pro-
duction and synthesis of bile acids and cholesterol [74]. LPS is
capable of inducing TNF-a and IL-8 mRNA expression in normal
keratinocytes [75] and both LPS and TNF-a are capable of initiating
dysfunctional peroxisomal b-oxidation in rat livers [74]. Further-
more, endotoxin administration has been observed to significantly
alter the fatty acids in peroxisomes, particularly with regard to
phospholipid and cholesterol composition [74]. Animal models
have shown that treatment with endotoxins resulted in abnormal
cholesterol transport [76]. HDL cholesterol function was impaired,
rendering it less able to remove cholesterol from macrophage
carriers. This same abnormality was observed in psoriatics andmay
be associated with the increased presence of HDL cholesterol au-
toantibodies [77].

2.2. Lifestyle

2.2.1. The stress response
Although the connection between psoriasis and stress is well-

documented [78,79], it is not straightforward. In one study, base-
line and cortisol measurements taken following application of an
acute social stress [80] revealed differing results depending on a
patient's stress responsiveness. Psoriatics that were more stress-
responsive had a significantly higher Psoriasis Area Severity Index
(PASI) score, P < 0.01, compared to their less-responsive counter-
parts. They also demonstrated significantly lower basal levels of
salivary cortisol, P < 0.01, and serum cortisol, P < 0.016, following a
social stress test relative to non-stress responsive psoriatics. Con-
trol evaluation revealed a significant association between pulse rate
and serum cortisol following stress application, P < 0.05, which was
not observed in either psoriatic group. The study seems indicative
that psoriasis pathogenesis is exacerbated in a hypocortisolaemic
state and, consequently, that stress-responsive psoriasis is linked
with Hypothalamic-Pituitary-Adrenal (HPA) axis dysfunction.

Lin et al. hypothesised that acute stresses are of some benefit for
the prevention of inflammatory disease due to the resulting in-
crease in glucocorticoid production [81]. The authors demonstrated
reduced cutaneous inflammation following an induced stress in
their mouse model. However, perhaps acute stresses administered
to psoriatics who demonstrate abnormal HPA-axis function due to
chronic stress are unable to produce an appropriate response. This
scenario would be more in line with the findings of Richards and
colleagues [80]. An acute stress response may also manifest
abnormally in psoriatics, as a pre-existing elevation of baseline
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inflammation could predispose them to a responsemore associated
with chronic stress.

Keratinocytes do contain adrenergic receptors and are capable
of producing adrenaline locally [78]. Adrenaline production leads to
an eventual rise in intracellular calcium concentration, which can
control epidermal development [78]. The skin contains all the
necessary components to act as a local version of the HPA axis [82]
and can, therefore, be regarded as a neuroendocrine organ. Normal
skin cells are capable of producing cortisol locally via 11b-
Hydroxysteroid Dehydrogenase (HSD)1 activation from cortisone
[82,83] within the endoplasmic reticulum [83]. This is thought to
contribute to homeostasis in the skin by negating the effect of
continuous disruption to the skin's barrier functions [83].11b-HSD1
is decreased in psoriatic lesions compared to unaffected skin,
causing increased keratinocyte proliferation and lowered cortisol
production [84].

Usually, glucocorticoid receptors are present in the skin [82]
and are localised in the nuclei [85]. However, VEGF and IFN-g
prevent receptor translocation from the cytoplasm to the nucleus
in psoriatic keratinocytes [85]. Inactivation of glucocorticoid re-
ceptors impedes the immunoregulatory response of glucocorti-
coids [86]. Notably, this response is dose dependent and both
corticosterone and cortisol have been observed to have immu-
nosuppressive effects at high concentrations and immune-
enhancing effects at low concentrations [86]. This, perhaps, im-
plies that low cortisol levels could help mediate the chronic
inflammation present in psoriasis. In fact, low cortisol levels
combined with stressful events are thought to promote the
development of free radicals in psoriatics [87].

Evers and colleagues observed that psoriatics had lower
average cortisol levels when subjected to continuously high levels
of stress in their longitudinal study [88]. The HPA axis will nor-
mally produce corticotropin-releasing hormone (CRH) following
prolonged stress, ultimately leading to the production of cortisol
[78]. Skin cells, in particular the melanocytes, are also capable of
producing CRH [78] and its receptors locally [89]. CRH has
recently been implicated in the regulation of keratinocyte pro-
liferation [83]. This is notable because increased levels of serum
CRH [82] and reduced CRH expression in the skin [90] have been
observed in cases of psoriasis with a PASI>10. Decreased CRH
Receptor mRNA expression was also found in psoriatic lesioned
skin samples compared to controls [90], perhaps due to a feed-
back loop created by the high serum CRH [90].

Psychological stress induction was observed to significantly in-
crease the number of cutaneous lymphocyte-associated
antigenþ natural killer (NK) cells in the circulation of psoriatics
[79]. It is thought that these cells may induce skin homing [79],
potentially augmenting disease severity following a stress. A con-
current prospective study by Verhoeven and colleagues, found
increased severity of psoriasis four weeks after a period of high
stress [91]. However, delayed onset of affliction is variable and can
take from two days up to a month [10].

2.2.2. The inflammatory diet
Typically, research concerning diet and psoriasis concentrates

on the prevention of inflammation. There are very few studies
regarding the constitution of a pro-inflammatory diet and its
connection to the development of psoriasis, although it is usually
synonymous with a ‘Western’ Diet, i.e., one that is high in sugar,
starches, processed meat and saturated fat, and low in beneficial
foods like fruit, vegetables and Omega 3 fatty acids. The Western
Diet promotes the development of chronic inflammation by
decreasing insulin sensitivity and increasing adiposity, resulting in
augmented inflammatory cytokines. A period of high-fat feeding
(type not specified) was shown to lead to a decline of 11b-HSD1 in
heir associated pathogenetic mechanisms impact psoriasis, Clinical
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both rats and mice [92,93], suggesting that dietary intake could
affect local cortisol production in the skin. In addition, high con-
sumption of trans fatty acids is linked to an increase in C-reactive
protein (CRP) [94], a non-specific marker of inflammation which is
correlated with disease severity in psoriasis [95].

Table 1 [96e106] consists of a mini-review of inflammatory diet
factors and psoriasis. The literature is lacking in clinical trial data,
however poor nutrition; low intake of Omega 3 fatty acids and diet
composition do have an association with psoriasis. In fact, the
murine model cross-sectional study conducted by Qin et al. [104],
documented in Table 1 below, strongly suggests that altering the
dietary ratio of Omega 3 to Omega 6 may benefit a range of sys-
temic conditions, provided these same findings can translate to
human patients. A number of reviews have highlighted nutrition
and diet as a means of either triggering or improving psoriasis
[96,100e102,105], however no cohort studies have been found.

Simopoulos has conducted a number of studies [107e109]
articulating the detrimental effects of a diet with a one-sided
Omega 6 to 3 ratio. Western diets, which have a ratio of approxi-
mately 20:1, have been implicated in a number of chronic inflam-
matory conditions such as cardiovascular disease, cancer and
autoimmune conditions [108]. Conversely, a ratio closer to 1 has
been shown to alleviate inflammation, mortality and irregular cell
proliferation in a number of disorders [107]. Notably, mixed results
have been observed in clinical trials treating type 2 diabetes,
obesity [109] and psoriasis itself using Omega 3 fatty acids.

2.2.3. Smoking and alcohol
A direct causation between psoriasis and smoking is difficult to

ascertain due to lack of clinical trial data, although collated data
suggest increased incidence and risk of psoriasis in smokers vs.
non-smokers [110] and meta-analysis of prevalence studies found
an association between psoriasis, current smoking and former
smoking [111]. A caseecontrol study, examining new cases of pla-
que psoriasis (n ¼ 373), associated smoking with a 70% increased
risk for development of psoriasis but was not associated with
increased severity [112]. A majority of studies do reveal that
smoking worsens psoriasis severity, using PASI scoring as a mea-
surement [110,113]. Smoking is thought to worsen or initiate pso-
riasis pathogenesis by producing free radicals, which have a
deleterious effect through their activation of the MAPK, NF-kb and
Janus Kinase-Signal Transducer and Activator of Transcription (JAK-
STAT) pathways [110]. It damages skin directly by increasing ROS
formation and decreasing protective antioxidant gene expression
Table 1
Review of Pubmed results for “Inflammatory AND Diet AND Psoriasis”. All study types, excl
used to narrow the search relating to an inflammatory diet and psoriasis. A number of o

Study Study Type Factor(s) Concl

Vasseur et al., 2016 [97] Murine model. Controlled
cross sectional

High fat diet (type
unspecified)

Prese
comp
non-a
IL-1b,

Stelzner et al., 2016 [98] Cross sectional Free fatty acids such
as palmitic acid and
oleic acid

Increa
dendr

Castaldo et al., 2016 [99] Case report High calorie; high
carbohydrate diet

Impro
calori

Khan et al., 2014 [103] Cross sectional Gluten No pa
study

Qin et al., 2014 [104] Murine model. Controlled
cross sectional

Diet low in Omega 3 Trans
demo
regul

Ahdout et al., 2012 [106] Case-control pilot study Poor overall nutrition Signifi
may c

Abbreviations: IL, Interleukin; TH, T helper.
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[114]. In addition, superoxide and hydrogen peroxide are increased
in psoriatic skin [114], resulting in a skewed antioxidant to free
radical ratio. This altered ratio is also observed between smokers
and non-smokers [114] and the effect may be compounded in
psoriatic skin. Nicotine enhances IL-12 production in dendritic cells
and further activates innate immune system defences such as
macrophages and natural killer cells [114]. It upregulates CD40 and
CD86 expression, which are necessary for T-cell activation [110] and
induces macrophage production of IL-1b and TNF-a [114]. VEGF,
which is elevated in smokers, has been demonstrated to produce a
similar psoriatic pathology in transgenic mice [114].

Alcohol consumption has been observed to interfere with the
efficacy of psoriatic treatment and chronic alcohol consumption
has been noted to induce inflammation by upregulating CD80 and
CD86 expression, leading to enhanced T-cell activation [115].
Furthermore; patients with chronic alcohol-related diseases, such
as alcoholic liver disease, produce increased TNF-a, leading to
higher numbers of macrophages, monocytes and TNF-a converting
enzyme expression [115]. It has also been proposed that ethanol
excreted by exocrine glands could serve to disrupt the skin barrier
leading to keratinocyte hyperproliferation [115]. Occasional alcohol
consumption appears to have an opposite effect by facilitating
immunosuppression [116] although, interestingly, this could actu-
ally induce psoriasis onset by facilitating streptococcal infection, a
known trigger for psoriasis [115]. Brenaut et al. revealed a definite
association between alcohol consumption and psoriasis risk in their
systematic review, however they conservatively concluded that
there was insufficient evidence to signify a direct risk, as many of
the included studies did not assess alcohol consumption prior to
psoriasis onset [117]. Despite this, one prospective cohort study and
three case control studies indicate that alcohol consumption is a
risk factor for psoriasis [117]. Removal of alcohol was also the most
effective dietary behaviour change employed by respondents to a
national survey (251 out of 462), conducted by Afifi et al. in the U.S.
[11]. However, the survey does not report on simultaneous usage of
alternative treatments, such as Methotrexate which recommends
alcohol cessation. It should be considered that alcohol consumption
can lead to a positive energy balance and thus may indirectly lead
to increased visceral fat, which is also positively correlated with
psoriasis [118].

2.2.4. The immunomodulatory benefits of exercise
Observations in the cohort study by Frankel et al. revealed that a

reduced risk for psoriasis corresponded with increased physical
uding reviews, were considered due to lack of available data. The Boolean “AND”was
lder and irrelevant articles were excluded, leaving 6 studies.

usion

ntation of psoriasiform dermatitis was exacerbated in mice fed a high fat diet
ared to those fed a standard diet (type unspecified). High fat mice also developed
lcoholic steatohepatitis. Heightened inflammation was accompanied by increased
IL-17a and IL-22.
sed secretion of Th1 and Th17 cytokines is caused by free fatty acid stimulation of
itic cells.

ved response to systemic therapy was observed when accompanied by a low-
e ketogenic diet.
rticular association between coeliac disease and psoriasis was observed in this
(n ¼ 80).
genic mice, capable of endogenously converting Omega 6 to Omega 3,
nstrate significantly less inflammatory factors and increased numbers of T
atory cells than control mice fed the same diet.
cantly poorer nutrition, P < 0.01, was recorded in psoriatics vs. controls and this
ontribute to disease development
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activity [119]. This finding is further supported by the cross-
sectional study composed by Torres and colleagues [120] showing
significantly reduced activity levels amongst psoriatics compared
to controls, P < 0.001. The studies by Frankel et al. and Torres et al.
did not use the PASI (Psoriasis Area Severity Index) scoring system
in their studies, and neither adjusted for diet, season or UV expo-
sure. A randomised controlled trial designed to assess the impact of
a diet and physical activity intervention on overweight and obese
psoriasis patients produced a significant improvement in psoriasis
severity versus controls (information only) [121]. However, a
number of patients continued to use other treatments for the
duration of the study and, furthermore, almost one third of patients
in the intervention arm lost weight, making it difficult to attribute
PASI improvement specifically to diet or exercise. Further clinical
trials should focus on identifying whether sedentary lifestyles are
an independent risk factor for psoriasis and should seek to deter-
mine the impact of exercise, whilst accounting for variable con-
founding factors such as weight loss and alternative therapies.

Recently skeletal muscle has been descried to exhibit an auto-
crine and paracrine effect, in addition to its inter-tissue endocrine
effects [122]. The signalling mediators have been named ‘myokines’
and are linked to both inflammatory and anti-inflammatory pro-
cesses within the body through immune system modulation [123].
A controlled study exploring the effects of moderately exertive
exercise on the immune response (n ¼ 32) demonstrated signifi-
cant attenuation of both the induction (P < 0.001) and elicitation
(P < 0.05) of T-cell mediated immunity [124]. A cohort study [119]
found that intense exercise was positively correlated with a lower
incidence of psoriasis after adjusting for BMI. To put this in
perspective, running a 15-minute mile has a Metabolic Equivalent
of Task (MET) of 6.0 [125] and is classed as vigorous exercise. MET is
the ratio of metabolism at rest versus activity level [125]. Walking
uses approximately 2.0e3.5 MET [125] and was not shown to
confer a similar benefit in the study. Running 10-minute miles for
approximately 105 min per week was associated with a 25e30%
lower risk of psoriasis compared with non-intensive exercise
(including walking) [119].

Historically, IL-6 has been regarded as a pro-inflammatory
cytokine [122,123]. In response to sepsis, it works in tandem with
TNF-a [123] in immune cells to fight infection, thereby acting in a
pro-inflammatory manner. Furthermore, IL-6 is increased in serum
and skin lesions of psoriasis sufferers [126]. Conversely, a rando-
mised placebo-controlled trial examining the use of Clazakizumab,
an anti-IL6 monoclonal antibody, in patients with psoriatic arthritis
did significantly improve joint symptoms but found little
improvement to skin symptoms [127]. The authors surmise that
although IL-6 has an important inflammatory role in joints (use of
anti-IL6 agents in rheumatoid arthritis has also been met with
success [126]), the mechanisms of inflammation seem to differ
between patients with psoriatic arthritis and psoriasis [127]. It has
been further reported that use of anti-IL6 agents can lead to pso-
riasis onset in patients with rheumatoid arthritis [126] and murine
models are suggestive that other cytokines may offset blockage of
IL-6 through excessive production in the skin [126]. Additionally,
targeting IL-6 in psoriatics has revealed no benefit [128]. It has been
proposed, with some controversy, that with the exception of very
high intensity activity, TNF-a is not produced preceding IL-6 in
response to exercise [123]. During exercise, IL-6 release increased
plasma levels of IL-10 [122] which acts as an immunoregulator by
decreasing the immune response to inflammatory incitation [128].
Exercising for extended periods and, in particular, running has been
shown to confer the greatest benefit to IL-6 production [123]. By
contrast, muscles at rest do not produce IL-6 [123].

One of the methods by which IL-10 inhibits inflammation is by
blocking the effects of TNF-a, allowing cells to retain their insulin
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sensitivity in vitro [129]. A small study (n ¼ 3) discovered that
subcutaneous administration of IL-10 to psoriatic patients pro-
duced a shift towards M2 polarised macrophages, i.e. increased IL-
10 production (and mRNA expression) and a reduction in IL-12 and
TNF-a [130]. Macrophage polarisation and activation are largely
determined by local factors such as LPS, which stimulates M1
macrophages and the release of type 1 cytokines such as TNF-a;
while a local type 2 cytokine environment e.g. IL-4 and IL-13 po-
larises towards M2 macrophages and IL-10 release [53]. Further to
this, Oliveira et al. deduced from their studies on rats that although
intense exercise failed to produce a reduction of macrophage
infiltration in white adipose tissue, the subsequent formation of a
reduced inflammatory profile means that exercise must foster the
promotion of M2 polarised macrophages [131].

2.2.5. Dietary intervention: vitamin D, omega 3 and the
mediterranean diet

Clinical trial data related to diet and psoriasis is noticeably
lacking, given the available evidence. The majority of studies in a
search for “Diet AND Psoriasis” on PubMed were inadmissible due
to the confounding factor of simultaneous conventional therapy.
Studies reviewed focused on Omega 3 consumption; low energy
diets and weight loss. Although some of the articles recommended
improvement to overall diet [40,121], there were no studies solely
dedicated to nutrition without weight loss as a goal. Similarly, no
psoriasis-specific diet exists. This makes it difficult to deduce exact
causation or extol the benefit of improved dietary choices. It is clear
then, that this represents a major gap in the literature.

UV radiation is absorbed by chromophores in the skin, where it
can aid vitamin D synthesis and immunosuppression [132].
Vitamin D3 is thought to inhibit keratinocyte proliferation and
inhibit T-cell proliferation [133] by adapting dendritic cell activity
and activating regulatory T cells (Tregs) [134]. Vitamin D is also
capable of regulating intracellular calcium levels [42] which, as
discussed previously, is able to control epidermal development
[78]. Topical application of vitamin D3 was observed to down-
regulate antiapoptotic protein (Bcl-xL) expression in psoriatics
(n ¼ 7) [135] and, importantly, its usage has also demonstrated
similar benefit to that of corticosteroids [42]. A particularly high
level of vitamin D deficiency in studies of psoriasis sufferers vs.
healthy controls [133] has also been observed. This is irrespective of
age, gender, BMI and PASI score amongst people with psoriasis and
tends to worsen over winter months [133], thus corresponding to
seasonal UV radiation exposure. In vitro studies have reaffirmed the
importance of vitamin D concentration: low doses encouraged
keratinocyte proliferation, whereas high doses prevented hyper-
proliferation [42]. Vitamin D can be difficult to acquire from diet
and sources are mainly derived from animal products [42]. Indeed,
fatty fish and fish livers have the highest innate vitamin D con-
centration [42]. A placebo-controlled trial is currently underway in
Norway which may provide some insight into the efficacy of oral
vitamin D supplementation for psoriasis sufferers. Low levels of
vitamin D are negatively associated with CRP levels [42], however
recent clinical trial evidence is supportive of reverse causation: oral
supplementation of vitamin D3 for two years had no significant
effect on serum CRP levels in participants with osteoarthritis and
vitamin D deficiency [136]. Additionally, particular care must be
taken with sun exposure as the risk of nonmelanoma skin cancer
increases with psoriasis severity, although this may be related to
prior photochemotherapy or ciclosporin treatment [137]. Interest-
ingly, there is cohort evidence to suggest that melanoma risk is
lower in psoriasis patients when compared with controls, although
no rationale is evident [137].

There is evidence to specifically suggest that a Mediterranean
diet may be of benefit to psoriatics [11,12,138]. Typically, the
heir associated pathogenetic mechanisms impact psoriasis, Clinical
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Mediterranean diet is composed of a range of anti-inflammatory
mediators such as antioxidants, polyphenols and mono-
unsaturated fats, in the form of extra virgin olive oil [12]. Low
consumption of monounsaturated fat has been proposed as a po-
tential mechanism for the increased inflammation present in pso-
riasis sufferers and development of metabolic syndrome on a
population level [139]. Many of the dietary modifications associ-
ated with improved PASI scores, such as increased intake of fruit
and vegetables [11], consumption of fish oils rich in Omega 3
[140e142] and moderate alcohol consumption [116] are also syn-
onymous with the Mediterranean diet. A cross-sectional study
(n¼ 62), conducted by Barrea et al. revealed a lower adherence to a
Mediterranean diet for psoriasis patients versus age-, sex- and BMI-
matched controls [12]. In particular, extra virgin olive oil and fish
consumption had independent predictive values for psoriasis
severity and CRP levels [12]. This was assessed based on the 14-
item questionnaire used in the PREvenci�on con DIeta MEDi-
terr�anea (PREDIMED) trial conducted in Spain [143]. This approach
is noteworthy for providing insight into a whole-diet approach, as
opposed to investigating the role played by singular dietary
changes, common in studies of alternative psoriasis treatments. It
should be mentioned, however, that certain dietary behaviours
listed in the PREDIMED questionnaire may be incongruous to a
separate survey study documenting patient-reported responses to
dietary changes [11]. Survey respondents were selected from the
National Psoriasis Foundation (U.S.) email distribution list andwere
50.4 years old on average, 73% female and had variable disease
severity [11]. Criteria which include: usage of a tomato-based sauce
(sofrito) 2 or more times per week and incorporation of shellfish
into the diet are at odds with reported positive skin responses
following removal of shellfish and nightshades (e.g. tomato) [11].
Care must also be taken when interpreting the effect of alcohol
consumption on psoriasis presentation. Whereas the PREDIMED
questionnaire favourably awards points for consumption of 7 or
more glasses of wine per week [143], alcohol has also been named
as one of the main dietary triggers capable of aggravating psoriasis
severity [11]. Interestingly, the survey study (n ¼ 481) also found
that of the 5.8% of respondents that had trialled a Mediterranean
diet, 48.4% of them reported subsequent symptomatic improve-
ment [11]. A major limitation to the study would be the absence of
defined criteria for the constitution of a Mediterranean diet
amongst respondents, as used by Barrea et al. [11].

Table 2 [19,40,121,140e142,144e147], presents a culmination of
the relevant clinical trials involving both diet and psoriasis. It re-
veals that significant improvement to psoriasis severity resulted
from low energy diets; increased Omega 3/oily fish (in some in-
stances) and dietary intervention. Concurrent alternative treatment
use is noted where applicable. Improvement following Omega 3
administration represents one of the clearest indications that diet is
correlated with psoriasis. As discussed, it is most likely due to the
production and inhibitive competition for the same enzymes of
anti-inflammatory eicosanoids [25]; the suppressive effect on an-
tigen presenting cells [19] and a decreasing Omega 6 to Omega 3
ratio [13]. Despite not being the focus of this review, weight loss
should be considered as a useful adjunct to dietary change rec-
ommendations, particularly given the association between BMI and
psoriasis [12,38,39,41] and the recent findings by Klingberg et al.
(see Table 2). There are a number of possible mechanisms through
which psoriasis improvement could be achieved following weight
loss: a decrease in white adipose tissue may lead to a reduced in-
flammatory profile; very low energy diets, used to achieve signifi-
cant weight loss with <800 kcal per day, allow the body to use up
alternate sources of energy (such as ketone bodies) and thus
attenuate the effect of T cells which rely on aerobic glycolysis; it
increases the levels of adiponectin and corticosteroids [39] and,
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fasting and loss of body weight leads to IL-4 production [148]
which, as mentioned previously, promotes IL-10 release [53] and
thereby halts the action of TNF-a [129].

2.2.6. Dietary intervention: bile acids and potential solutions to
SIBO

The production and digestive function of bile salts are already
well established [59], however their involvement in the innate
immune system through receptor activation is a more recent dis-
covery [149]. Farnesoid X Receptor (FXR) is activated by increased
intracellular bile acid levels and suppresses inflammatory media-
tors like NF-kb [59]. Mice deficient in this receptor demonstrated
signs of hyperlipidaemia such as elevated plasma triglycerides, low
density lipoprotein (LDL) cholesterol and free fatty acids [149]. As
previously mentioned, studies comparing psoriatic patients to
controls have revealed increased levels of total cholesterol, LDL
cholesterol and/or triglycerides [2]. The production of oxidised LDL
is positively associated with increased ROS levels and has been
observed to aggregate in psoriatic lesions, particularly in more se-
vere cases [2]. Oxidised LDL can also induce an immune response
which leads to the generation of autoantibodies in psoriatic pa-
tients [2]. Administration of bile salts to diabetic and obesemice led
to decreased LDL, triglycerides and fatty acids facilitated by
increased hepatic clearance and mediated by FXR activation [149].

A 2003 study by Gyurcsovics and Bert�ok [63] may provide a
further link between diet and psoriasis. They had previously
realised that many of the symptoms observed in psoriasis, e.g.
increased lysosomal enzymes and altered lipid metabolism, were
also present in endotoxaemia. Gyurcsovics and Bert�ok theorised
that LPS was responsible for the resultant cytokine release and
psoriasis pathogenesis, following translocation in the blood-
stream. Furthermore, they suggested that increased LPS in the
bloodstreamwere connected to bile acid deficiency. For the study,
which was unblended and not randomised, patients were divided
into those receiving bile acid supplementation (n ¼ 551) and
those receiving conventional treatment (unspecified; n ¼ 249). Of
those receiving conventional treatment, 6% remained asymp-
tomatic after 2 years (P < 0.05). 57.9% of those in the supplement
group were asymptomatic after 2 years. The results from study
are, without doubt, impressive. However, there were a number of
caveats with their study. Patients were allowed to continue with
other treatments such as antibiotics and anti-histamines. No re-
cord of patient numbers using alternate therapies was docu-
mented in the study. Finally, 73 patients did not return for a
check-up following symptom improvement. This method of
treatment would greatly benefit from further investigation with a
well-designed rigorous clinical trial.

Antibiotics are a common treatment for SIBO [150] and may
therefore be a potential short-term treatment for psoriatics. How-
ever, as they are used to reduce the overall bacterial load and
thereby reduce both pathogenic and commensal bacteria, they
compromise the myriad of microflora benefits and may cultivate an
environment for the development of chronic disease. A rise in
pathogenic bacteria, caused by disruption to gut microflora, can
also result in increased neutrophil and macrophage infiltration
[151]. Germ free rats produce less bile acids [59] indicating the
essential role of a healthy microbiota in digestion. Flavanoids,
which can suppress keratinocyte and mast cell activation and IL-1b
and TNF-a [152], require a healthy microbiota for both flavonoid
conversion and utilisation [153]. This would suggest that long term
usage of antibiotics for treatment of psoriasis is inadvisable.

An alternate way to control SIBO may revolve around diet such
as fructose restriction or a Fermentable Oligosaccharides, Di-
saccharides, Monosaccharides and Polyols (FODMAPs) diet. This
reduces fermentable foodstuffs in the diet, alleviating gas
heir associated pathogenetic mechanisms impact psoriasis, Clinical



Table 2
Review of Pubmed results for “Diet AND Psoriasis”. Only clinical trials were selected. The Boolean “AND”was used to narrow the search to articles relating to both psoriasis and
diet. Irrelevant studies, pertaining mostly to the benefits of drug treatment, in a language other than English or repeats were excluded from the review. One study was
unavailable and another relating to fumaric acid treatment was excluded due to the large number of side effects associated with treatment. Some studies lacking in an effective
control were included, for sake of completeness, although this has been noted in the study design.

Study Study Design Measure of Psoriasis Severity Intervention Results

Klingberg et al., 2019 [39] Clinical Trial. No control,
unblinded. 6 months.
N ¼ 41 (63% women)
BMI � 33

Minimal Disease Activity
(MDA), CRP, Body Surface Area,
Disease Activity in Psoriatic
Arthritis (DAPSA)

BMI < 40 ¼ 12 weeks very low
energy diet (VLED) of 640 kcal.
BMI >40 ¼ 16 weeks VLED.
Food was then reintroduced
over 12 weeks. Further follow
up will occur 2 years post
baseline.

Median weight loss at 6 months
post baseline was 18.7 kg.
Median BMI decreased from
35.2 to 29.7. Median CRP
decreased from 4 mg/L to 2 mg/
L (P < 0.041). Median Body
Surface Area decreased from
1.6% to .9% (P < 0.014). MDA
decreased from 29.3% at
baseline to 53.7% at 6 months.
Baseline correlation found
between CRP and DAPSA with
BMI. 12% of patients had a flare
to psoriatic lesions at 3 months.
Consistent drug treatment from
3 months before to 6 months
post baseline.

Naldi et al., 2014 [121] Randomised controlled trial,
assessor blind.
20 weeks. N ¼ 303 (215 men &
88 women)
BMI � 25

PASI > 10 To promote dietary and lifestyle
changes following 4 weeks of
ineffective treatment. 2 study
arms composed of either a
complete diet and exercise plan
(intervention) or informative
counselling.

Study focusedmostly onweight
loss and low intensity exercise.
Drug treatment was allowed for
duration. The intervention was
more efficient at decreasing
severity of psoriasis.

Jensen et al., 2013 [144] Randomised clinical study,
controlled.
16 weeks. N ¼ 60
BMI ¼ 27-40

PASI and Dermatology quality
of life index

To assess the effect of weight
reduction on psoriasis severity.
Participants were divided into
an intervention group following
a low energy diet (800
e1000 kcal/day) for 8 weeks
and approx. 1200 kcal/day for a
further 8 weeks or a control
group.

Intervention Group: Greater
improvement vs control
(P < 0.001) with a
corresponding higher reduction
in psoriasis severity according
to Dermatology quality of life
index (P < 0.02). PASI
improvement did not achieve
statistical significance.

Del Giglio et al., 2012 [40] Randomised controlled study,
investigator blind. Part II of
study: 24 weeks and a 12 week
follow up N ¼ 42. BMI �30
Cases of psoriatic arthritis
excluded

PASI Patients assigned to one of two
groups: an intervention group
which received a low energy
diet as determined by a
dietitian (1200e1600 kcal/day)
or a second control group
which received no dietary
recommendations.

Intervention Group: Highly
significant weight loss and BMI
reduction which was
maintained up to week 24,
compared to the control group.
Both Groups: previously on
methotrexate for their psoriasis
and experienced PASI
improvement, seemingly
unrelated to diet (no data
shown).

Soyland et al., 1994 [145] Double blind. No ‘true’ control.
Randomised, multicentre trial.
4 months. 19 patients with
psoriasis and 21 with atopic
dermatitis

PASI used for psoriasis
participants

Participants randomly assigned
into an Omega 3 fatty acid
group or a corn oil ‘control’
group. Both groups also
received a-tocopherol.

Omega 3 Group:
Eicosapentaenoic acid and
docosahexaenoic acid increased
significantly CD25 lymphocytes
decreased, P < 0.05. Corn Oil
Group: No significance was
observed in the serum
phospholipids however TNF-a
did increase, P < 0.01.

Soyland et al., 1994 [19] Double blind, randomised,
multicentre trial. No ‘true’
control group.
4 months during winter
N ¼ 145 (124 completed the
trial).
Psoriasis involving >8% body
surface

PASI evaluated by physicians Patients were assigned to either
the fish oil group: 6 � 1 g
capsules of Omega 3 rich fatty
acids per day (51%
eicosapentaenoic acid and 32%
docosahexaenoic acid) or to the
corn oil group: 6 � 1 g capsules
or Omega 6 rich fatty acids per
day (26% oleic acid and 56%
linoleic acid). Both contained
3.6 International Units of a-
tocopherol. Both groups were
asked to lower saturated fat
intake and provided with
written information. Fat intake
was estimated before and after
the study by a nutritionist using
48-h patient recall.

Fish Oil: Very long chain Omega
3 fatty acids significantly
increased in serum
phospholipids, particularly
eicosapentaenoic acid.
Docosahexaenoic acid and
docosapentaenoic acid
increased by 39% and 70%
respectively. Conversely, oleic
acid, g-linolenic acid and
linoleic acid decreased in serum
phospholipids. The ratio of
arachidonic acid to
eicosapentaenoic acid changed
from 5 to 1.1 and the Omega 6
to Omega 3 ratio changed from
3.8 to 1.5. Fasting serum
triacylglycerol decreased by
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Table 2 (continued )

Study Study Design Measure of Psoriasis Severity Intervention Results

25%, P < 0.05. Corn Oil: Increase
in docosahexaenoic acid and
polyunsaturated to saturated
fat ratio increased (P < 0.01).
Examination of clinical
variables found no overall
difference between the groups.

Grimminger et al., 1993 [146] Double blind
Randomised, placebo
controlled
10-day trial
N ¼ 20

PASI�10 (range 10e90%) Participants received an
infusion of either Omega 3 or
Omega 6 rich fatty acid lipid
emulsion.

Omega 6 Group: Moderate
improvement (16e25% from
baseline) by day 10. Neutrophil
platelet activating factor was
increased in the Omega 6 group
but not the Omega 3 group.
Omega 3 Group: Marked
improvement by day 10 (45
e76%), P < 0.05. There was also
a 10-fold increase in
lipoxygenase not observed in
the Omega 6 group.

Collier et al., 1993 [141] Randomised clinical trial
No control
16 weeks
N ¼ 18

Details not provided All patients were advised to eat
170 g white fish daily for 4
weeks. Patients were then
randomised to continue
consuming white fish or oily
fish for a further 6 weeks.

Oily fish was found to
demonstrate a modest
improvement in psoriatic
severity, P < 0.01. No details of
compliance or other dietary
protocols provided.

Lassus et al., 1990 [142] Clinical trial, No Randomisation
No control/placebo
8 weeks. N ¼ 80 (34 also had
psoriatic arthritis)

PASI Mean ¼ 3.56 Patients were treated with
1122 mg/day eicosapentaenoic
acid and 756 mg/day
docosahexaenoic acid.

Complete regression of disease
observed in 7 patients, 13
experienced improvements of
at least 75%, 14 experienced
little benefit. Patients with
psoriatic arthritis reported
lessened joint pain.

Bittiner et al., 1988 [140] Clinical trial
Double blind,
Placebo controlled
8 weeks. N ¼ 28

Not provided
“Chronic stable”

Patients allocated to receive
either 10 fish oil capsules or 10
placebo olive oil capsules daily.

Fish Oil Group: less itching,
reddening and scaling. Placebo
Group: No improvement.

Bjorneboe et al., 1988 [147] Double blind
Block randomised
Clinical trial
8 weeks. N ¼ 37

Not provided
“Stable psoriasis vulgaris”

Participants were split into a
treatment group consuming 10
fish oil capsules or 10 placebo
capsules of olive oil daily.

No significant clinical
improvement observed in
either group after 8 weeks. Fish
Oil Group: significantly
elevated levels of Omega 3
serum phospholipids and
decreased Omega 6 levels.

Abbreviations: PASI, psoriasis area and severity index; CD, cluster of differentiation; TNF, tumour necrosis factor; CRP: C-Reactive Protein; MDA: Minimal Disease Activity;
DAPSA: Disease Activity in Psoriatic Arthritis.
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production in the gut [150]. Also, prebiotic and probiotic usage
allow the development of a ratio favourable to commensal bacteria
[150] and result in decreased LPS production. Inclusion of non-
Table 3
Beneficial foods which may confer an advantage in psoriatics. Studies include secondary

Nutrient/Food Study

Prebiotics: chicory root, dandelion
greens, artichoke, onion, garlic,
leeks, asparagus

Review: McCusker & Sidbury, 2016 [155]

Zinc: Oysters, Chickpeas Case-control study: Sheikh et al., 2015 [154]

Vitamin D3 Review: McCusker & Sidbury, 2016 [155];
Review: Barrea et al., 2017 [42]

Antioxidants (Vitamin E, Selenium
and Coenzyme Q10)

Review: McCusker & Sidbury, 2016 [155];
Review: Wolters, 2005 [29];
Review: Spiteller, 2010 [21]

Carotenoids: carrots, apricots, kale Review: Pappas et al., 2016 [156]

Flavanoids Review: Spiteller, 2010 [21]
Alkamides, e.g. Echinacea purpurea Review: Manayi et al., 2015 [157]
Curcumin/Turmeric Controlled Murine-Model: Zhang et al., 2016 [15
Low leucine diet Controlled Murine-Model: Witham et al., 2013 [

Abbreviations: PASI, psoriasis area and severity index; TNF, tumour necrosis factor.

Please cite this article as: Madden SK et al., How lifestyle factors and t
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enzymatic antioxidants in the diet such as vitamin C and vitamin
E are important for the prevention of lipid peroxidation [2] and to
reduce the damaging effects of oxidative stress by increasing total
and primary literature.

Benefit

Promote the growth of commensal bacteria;
assists the cultivation of a probiotic effect

Increases superoxide dismutase, the enzyme involved
in breaking down reactive oxygen species
Improves general health and facilitates improvement to PASI score

Lowered inflammation, PASI severity and oxidative stress.
Reduced psoriasis risk

Elimination of free radicals; photoprotection; decreases
lipid peroxidation. Note: consumption with protein
decreases absorption, whereas consumption with fat increases absorption
Subclass of polyphenols: free radical scavengers
Inhibitory effect of TNF-a and inflammatory enzymes and cytokines

8] Inhibition of inflammatory pathways and cytokines
159] Decreases antiapoptotic protein

heir associated pathogenetic mechanisms impact psoriasis, Clinical
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antioxidant capacity [20]. A reduction in total antioxidants has been
observed in psoriatics [2] and a significant zinc deficiency was also
noted in psoriatics vs. controls (P < 0.0001) [154], with an uneven
distribution observed between unaffected and lesioned skin. Sup-
plementation of zinc or increasing consumption of antioxidant-rich
foods could prove useful when treating psoriasis. To date, however,
these methods have not been verified in studies to improve pso-
riasis but may have potential for further research. Table 3
[21,29,154e159] provides a list of foods/nutrients which could
provide benefit to psoriasis and associated co-morbidities. Impor-
tant to note, however, is that a FODMAPs diet would seek to lower
the number of prebiotics e.g. onion and garlic, in the diet.

3. Conclusion

Psoriasis, as an affliction, is complex. Significant improvement to
psoriasis severity was found to result from low energy diets;
increased Omega 3/oily fish (in some instances); intensive exercise
and dietary intervention. The data clearly suggest that patient
benefit could arise through the expertise of dietitians, exercise
coaches and therapists, as well as the more traditional dermatol-
ogist role. Further study is required, specifically examining the
connection between the localised HPA axis in the skin; dysbiosis,
LPS and bile acid deconjugation; the potential efficacy of boosting
Vitamin D-rich foods and/or supplementation in the diet and
investigation into the role of sedentary lifestyles in psoriasis pre-
sentation. Additionally, the next steps should include creation of a
psoriasis-specific lifestyle plan and further elucidation of the
importance of these lifestyle changes to health-care providers.
Studies should also aim to utilise one scoring system to achieve
uniformity. PASI seems to be the most accurate and well known.
Another common obstacle to understanding psoriasis is the lack of
clarification around dietary fat in studies. Often when examining
the consequences of consumption of a high-fat diet, for example,
the fat-type is not documented. Definite risk-factors and treat-
ments must be deduced from further, well-conducted clinical trials.
In the meantime, promotion of a lowered Omega 6: Omega 3 fatty
acid ratio, frequent exercise and the ingestion of probiotic and
prebiotic foods may prove useful and accessible to those suffering
with psoriasis.

Acknowledgements

The authors have nothing to declare. This research did not
receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors. Professors K. L. Flanagan and
G. Jones acted in a joint second author capacity. The first author
would like to thank twomembers of her PhD supervisory team, Drs.
C. Bailey and B. Hill, for their advice during the review process.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.clnu.2019.05.006.

References

[1] Cunningham E. Is there research to support a specific diet for psoriasis?
J Acad Nutr Diet 2014;114(3):508.

[2] Pietrzak A, Michalak-Stoma A, Chodorowska G, Szepietowski JC. Lipid dis-
turbances in psoriasis: an update. Mediat Inflamm 2010;2010:535612.

[3] Organisation WH. Global report on psoriasis. Switzerland. 2016.
[4] Griffiths CE, Barker JN. Pathogenesis and clinical features of psoriasis. Lancet

2007;370(9583):263e71.
[5] Henseler T, Christophers E. Psoriasis of early and late onset: characterization

of two types of psoriasis vulgaris. J Am Acad Dermatol 1985;13(3):450e6.
Please cite this article as: Madden SK et al., How lifestyle factors and t
Nutrition, https://doi.org/10.1016/j.clnu.2019.05.006
[6] Birkenfeld S, Dreiher J, Weitzman D, Cohen AD. Coeliac disease associated
with psoriasis. Br J Dermatol 2009;161(6):1331e4.

[7] Ryan C, Korman NJ, Gelfand JM, Lim HW, Elmets CA, Feldman SR, et al.
Research gaps in psoriasis: opportunities for future studies. J Am Acad
Dermatol 2014;70(1):146e67.

[8] Eun SJ, Jang S, Lee JY, Do YK, Jo SJ. High rate of systemic corticosteroid
prescription among outpatient visits for psoriasis: a population-based
epidemiological study using the Korean National Health Insurance data-
base. J Dermatol 2017;44(9):1027e32.

[9] Chiricozzi A, Pimpinelli N, Ricceri F, Bagnoni G, Bartoli L, Bellini M, et al.
Treatment of psoriasis with topical agents: recommendations from a tuscany
consensus. Dermatol Ther 2017;30(6).

[10] Gudjonsson JE, Elder JT. Psoriasis: epidemiology. Clin Dermatol 2007;25(6):
535e46.

[11] Afifi L, Danesh MJ, Lee KM, Beroukhim K, Farahnik B, Ahn RS, et al. Dietary
behaviors in psoriasis: patient-reported outcomes from a U.S. National sur-
vey. Dermatol Ther 2017;7(2):227e42.

[12] Barrea L, Balato N, Di Somma C, Macchia PE, Napolitano M, Savanelli MC,
et al. Nutrition and psoriasis: is there any association between the severity
of the disease and adherence to the Mediterranean diet? J Transl Med
2015;13:18.

[13] Calder PC. The relationship between the fatty acid composition of immune
cells and their function. Prostaglandins Leukot Essent Fatty Acids
2008;79(3e5):101e8.

[14] Nicolaou A. Eicosanoids in skin inflammation. Prostaglandins Leukot Essent
Fatty Acids 2013;88(1):131e8.

[15] Burr GO, Burr MM. A new deficiency disease produced by the rigid exclusion
of fat from the diet. J Biol Chem 1929;82:345e67.

[16] Burr GO, Burr MM. On the nature and role of the fatty acids essential in
nutrition. J Biol Chem 1930;86:587e621.

[17] Calder PC, Grimble RF. Polyunsaturated fatty acids, inflammation and im-
munity. Eur J Clin Nutr 2002;56(Suppl 3):S14e9.

[18] Shaikh SR, Edidin M. Polyunsaturated fatty acids and membrane organiza-
tion: the balance between immunotherapy and susceptibility to infection.
Chem Phys Lipids 2008;153(1):24e33.

[19] Soyland 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(6):
757e64.

[20] Calder PC, Albers R, Antoine JM, Blum S, Bourdet-Sicard R, Ferns GA, et al.
Inflammatory disease processes and interactions with nutrition. Br J Nutr
2009;101(Suppl 1):S1e45.

[21] Spiteller G. Is lipid peroxidation of polyunsaturated acids the only source of
free radicals that induce aging and age-related diseases? Rejuvenation Res
2010;13(1):91e103.

[22] Hulbert AJ. Explaining longevity of different animals: is membrane fatty acid
composition the missing link? Age 2008;30(2e3):89e97.

[23] Ziboh VA, Miller CC, Cho Y. Metabolism of polyunsaturated fatty acids by skin
epidermal enzymes: generation of antiinflammatory and antiproliferative
metabolites. Am J Clin Nutr 2000;71(1 Suppl). 361s-6s.

[24] Skvara H, Dawid M, Kleyn E, Wolff B, Meingassner JG, Knight H, et al. The PKC
inhibitor AEB071 may be a therapeutic option for psoriasis. J Clin Investig
2008;118(9):3151e9.

[25] Grimm H, Mayer K, Mayser P, Eigenbrodt E. Regulatory potential of n-3 fatty
acids in immunological and inflammatory processes. Br J Nutr 2002;87(Suppl
1):S59e67.

[26] Zemtsov A, Bucchino S, McDowell MR. Potential use of leukotriene inhibitors
in treatment of psoriasis. Dermatology 2003;206(2):179e80.

[27] Lammermann T, Afonso PV, Angermann BR, Wang JM, Kastenmuller W,
Parent CA, et al. Neutrophil swarms require LTB4 and integrins at sites of cell
death in vivo. Nature 2013;498(7454):371e5.

[28] Kragballe K, Herlin T. Benoxaprofen improves psoriasis. A double-blind
study. Arch Dermatol 1983;119(7):548e52.

[29] Wolters M. Diet and psoriasis: experimental data and clinical evidence. Br J
Dermatol 2005;153(4):706e14.

[30] Gunderson AJ, Mohammed J, Horvath FJ, Podolsky MA, Anderson CR,
Glick AB. CD8(þ) T cells mediate RAS-induced psoriasis-like skin
inflammation through IFN-gamma. J Investig Dermatol 2013;133(4):
955e63.

[31] Wallace FA, Miles EA, Evans C, Stock TE, Yaqoob P, Calder PC. Dietary fatty
acids influence the production of Th1- but not Th2-type cytokines. J Leukoc
Biol 2001;69(3):449e57.

[32] Glatz JF, Luiken JJ. From fat to FAT (CD36/SR-B2): understanding the regu-
lation of cellular fatty acid uptake. Biochimie 2017;136:21e6.

[33] Westergaard M, Henningsen J, Johansen C, Rasmussen S, Svendsen ML,
Jensen UB, et al. Expression and localization of peroxisome proliferator-
activated receptors and nuclear factor kappaB in normal and lesional pso-
riatic skin. J Investig Dermatol 2003;121(5):1104e17.

[34] Briganti S, Picardo M. Antioxidant activity, lipid peroxidation and skin dis-
eases. What's new. J Eur Acad Dermatol Venereol 2003;17(6):663e9.

[35] Romanowska M, Reilly L, Palmer CN, Gustafsson MC, Foerster J. Activation of
PPARbeta/delta causes a psoriasis-like skin disease in vivo. PLoS One
2010;5(3):e9701.

[36] Huang PL. A comprehensive definition for metabolic syndrome. Dis Model
Mech 2009;2(5e6):231e7.
heir associated pathogenetic mechanisms impact psoriasis, Clinical

https://doi.org/10.1016/j.clnu.2019.05.006
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref1
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref1
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref2
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref2
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref3
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref4
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref4
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref4
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref5
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref5
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref5
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref6
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref6
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref6
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref7
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref7
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref7
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref7
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref8
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref8
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref8
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref8
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref8
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref9
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref9
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref9
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref10
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref10
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref10
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref11
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref11
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref11
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref11
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref12
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref12
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref12
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref12
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref13
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref13
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref13
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref13
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref13
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref14
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref14
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref14
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref15
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref15
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref15
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref16
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref16
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref16
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref17
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref17
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref17
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref18
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref18
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref18
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref18
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref19
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref19
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref19
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref19
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref19
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref20
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref20
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref20
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref20
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref21
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref21
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref21
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref21
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref22
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref22
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref22
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref22
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref23
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref23
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref23
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref24
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref24
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref24
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref24
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref25
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref25
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref25
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref25
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref26
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref26
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref26
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref27
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref27
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref27
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref27
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref28
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref28
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref28
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref29
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref29
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref29
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref30
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref30
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref30
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref30
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref30
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref30
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref31
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref31
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref31
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref31
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref32
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref32
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref32
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref33
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref33
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref33
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref33
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref33
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref34
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref34
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref34
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref35
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref35
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref35
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref36
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref36
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref36
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref36


S.K. Madden et al. / Clinical Nutrition xxx (xxxx) xxx 13
[37] Barrea L, Muscogiuri G, Di Somma C, Annunziata G, Megna M, Falco A, et al.
Coffee consumption, metabolic syndrome and clinical severity of psoriasis:
good or bad stuff? Arch Toxicol 2018;92(5):1831e45.

[38] Budu-Aggrey A, Brumpton B, Tyrrell J, Watkins S, Modalsli EH, Celis-
Morales C, et al. Evidence of a causal relationship between body mass index
and psoriasis: a mendelian randomization study. PLoS Med 2019;16(1):
e1002739.

[39] Klingberg E, Bilberg A, Bjorkman S, Hedberg M, Jacobsson L, Forsblad-d'Elia H,
et al. Weight loss improves disease activity in patients with psoriatic arthritis
and obesity: an interventional study. Arthritis Res Ther 2019;21(1):17.

[40] Del Giglio M, Gisondi P, Tessari G, Girolomoni G. Weight reduction alone
may not be sufficient to maintain disease remission in obese patients with
psoriasis: a randomized, investigator-blinded study. Dermatology
2012;224(1):31e7.

[41] Debbaneh M, Millsop JW, Bhatia BK, Koo J, Liao W. Diet and psoriasis, part I:
impact of weight loss interventions. J Am Acad Dermatol 2014;71(1):
133e40.

[42] Barrea L, Savanelli MC, Di Somma C, Napolitano M, Megna M, Colao A, et al.
Vitamin D and its role in psoriasis: an overview of the dermatologist and
nutritionist. Rev Endocr Metab Disord 2017;18(2):195e205.

[43] Organization WH. Global report on psoriasis. Geneva, Switzerland. 2016.
[44] Adamczak M, Wiecek A. The adipose tissue as an endocrine organ. Semin

Nephrol 2013;33(1):2e13.
[45] Cawthorn WP, Sethi JK. TNF-alpha and adipocyte biology. FEBS Lett

2008;582(1):117e31.
[46] Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL, Ferrante Jr AW.

Obesity is associated with macrophage accumulation in adipose tissue. J Clin
Investig 2003;112(12):1796e808.

[47] Takahashi H, Tsuji H, Takahashi I, Hashimoto Y, Ishida-Yamamoto A, Iizuka H.
Plasma adiponectin and leptin levels in Japanese patients with psoriasis. Br J
Dermatol 2008;159(5):1207e8.

[48] Zhu KJ, Zhang C, Li M, Zhu CY, Shi G, Fan YM. Leptin levels in patients with
psoriasis: a meta-analysis. Clin Exp Dermatol 2013;38(5):478e83.

[49] Ommen P, Stjernholm T, Kragstrup T, Raaby L, Johansen C, Stenderup K, et al.
The role of leptin in psoriasis comprises a proinflammatory response by the
dermal fibroblast. Br J Dermatol 2016;174(1):187e90.

[50] Napolitano M, Megna M, Monfrecola G. Insulin resistance and skin diseases.
Sci World J 2015;2015.

[51] Buerger C, Richter B, Woth K, Salgo R, Malisiewicz B, Diehl S, et al. Inter-
leukin-1beta interferes with epidermal homeostasis through induction of
insulin resistance: implications for psoriasis pathogenesis. J Investig Der-
matol 2012;132(9):2206e14.

[52] Gual P, Le Marchand-Brustel Y, Tanti JF. Positive and negative regulation of
insulin signaling through IRS-1 phosphorylation. Biochimie 2005;87(1):
99e109.

[53] Lumeng CN, Bodzin JL, Saltiel AR. Obesity induces a phenotypic switch in
adipose tissue macrophage polarization. J Clin Investig 2007;117(1):175e84.

[54] Hitomi H, Kiyomoto H, Nishiyama A, Hara T, Moriwaki K, Kaifu K, et al.
Aldosterone suppresses insulin signaling via the downregulation of insulin
receptor substrate-1 in vascular smooth muscle cells. Hypertension
2007;50(4):750e5.

[55] Alexandroff AB, Pauriah M, Camp RD, Lang CC, Struthers AD, Armstrong DJ.
More than skin deep: atherosclerosis as a systemic manifestation of psori-
asis. Br J Dermatol 2009;161(1):1e7.

[56] Promotion NCfCDPaH. National diabetes statistics report, 2017: estimates of
diabetes and its burden in the United States. Translation DoD; 2017.

[57] van Es JH, Clevers H. Paneth cells. Curr Biol 2014;24(12):R547e8.
[58] Humbert P, Bidet A, Treffel P, Drobacheff C, Agache P. Intestinal permeability

in patients with psoriasis. J Dermatol Sci 1991;2(4):324e6.
[59] Sipka S, Bruckner G. The immunomodulatory role of bile acids. Int Arch Al-

lergy Immunol 2014;165(1):1e8.
[60] Akbulut S, Gür G, Topal F, Senel E, Topal FE, Alli N, et al. Coeliac disease-

associated antibodies in psoriasis. Ann Dermatol 2013;25(3):298e303.
[61] Muszer M, Noszczy�nska M, Kasperkiewicz K, Skurnik M. Human micro-

biome: when a friend becomes an enemy. Arch Immunol Ther Exp
2015;63(4):287e98.

[62] Lappinga PJ, Abraham SC, Murray JA, Vetter EA, Patel R, Wu TT. Small in-
testinal bacterial overgrowth: histopathologic features and clinical correlates
in an underrecognized entity. Arch Pathol Lab Med 2010;134(2):264e70.

[63] Gyurcsovics K, Bertok L. Pathophysiology of psoriasis: coping endotoxins
with bile acid therapy. Pathophysiology 2003;10(1):57e61.

[64] Itoh S, Kono M, Akimoto T. Psoriasis treated with ursodeoxycholic acid: three
case reports. Clin Exp Dermatol 2007;32(4):398e400.

[65] Romani J, Caixas A, Escote X, Carrascosa JM, Ribera M, Rigla M, et al. Lipo-
polysaccharide-binding protein is increased in patients with psoriasis with
metabolic syndrome, and correlates with C-reactive protein. Clin Exp Der-
matol 2013;38(1):81e4.

[66] Kirpich IA, Marsano LS, McClain CJ. Gut-liver axis, nutrition, and non-
alcoholic fatty liver disease. Clin Biochem 2015;48(13e14):923e30.

[67] Lucas K, Maes M. Role of the toll like receptor (TLR) radical cycle in chronic
inflammation: possible treatments targeting the TLR4 pathway. Mol Neu-
robiol 2013;48(1):190e204.

[68] de Lartigue G, de La Serre CB, Raybould HE. Vagal afferent neurons in high fat
diet-induced obesity; intestinal microflora, gut inflammation and cholecys-
tokinin. Physiol Behav 2011;105(1):100e5.
Please cite this article as: Madden SK et al., How lifestyle factors and t
Nutrition, https://doi.org/10.1016/j.clnu.2019.05.006
[69] Du D, Xu F, Yu L, Zhang C, Lu X, Yuan H, et al. The tight junction protein,
occludin, regulates the directional migration of epithelial cells. Dev Cell
2010;18(1):52e63.

[70] Kolodziej LE, Lodolce JP, Chang JE, Schneider JR, Grimm WA, Bartulis SJ, et al.
TNFAIP3 maintains intestinal barrier function and supports epithelial cell
tight junctions. PLoS One 2011;6(10):e26352.

[71] Dukowicz AC, Lacy BE, Levine GM. Small intestinal bacterial overgrowth: a
comprehensive review. Gastroenterol Hepatol 2007;3(2):112e22.

[72] Ridlon JM, Harris SC, Bhowmik S, Kang DJ, Hylemon PB. Consequences of bile
salt biotransformations by intestinal bacteria. Gut Microb 2016;7(1):22e39.

[73] Peslyak M, Gumayunova N, Nesterov A, Potaturkina-Nesterova N. Abstracts
of the 3rd World Psoriasis & Psoriatic Arthritis Conference 2012:
“Psoriasisda global health challenge” Small intestine microflora at psoriasis:
its possible role in pathogenesis. Dermatology and therapy. 2012. p. 10.

[74] Khan M, Contreras M, Singh I. Endotoxin-induced alterations of lipid and
fatty acid compositions in rat liver peroxisomes. J Endotoxin Res
2000;6(1):41e50.

[75] Mastrofrancesco A, Kovacs D, Sarra M, Bastonini E, Cardinali G, Aspite N, et al.
Preclinical studies of a specific PPARgamma modulator in the control of skin
inflammation. J Investig Dermatol 2014;134(4):1001e11.

[76] Khovidhunkit W, Shigenaga JK, Moser AH, Feingold KR, Grunfeld C. Choles-
terol efflux by acute-phase high density lipoprotein: role of lecithin:
cholesterol acyltransferase. J Lipid Res 2001;42(6):967e75.

[77] Holzer M, Wolf P, Curcic S, Birner-Gruenberger R, Weger W, Inzinger M, et al.
Psoriasis alters HDL composition and cholesterol efflux capacity. J Lipid Res
2012;53(8):1618e24.

[78] Alexopoulos A, Chrousos GP. Stress-related skin disorders. Rev Endocr Metab
Disord 2016:1e10.

[79] Schmid-Ott G, Jaeger B, Boehm T, Langer K, Stephan M, Raap U, et al.
Immunological effects of stress in psoriasis. Br J Dermatol 2009;160(4):
782e5.

[80] Richards HL, Ray DW, Kirby B, Mason D, Plant D, Main CJ, et al. Response of
the hypothalamic-pituitary-adrenal axis to psychological stress in patients
with psoriasis. Br J Dermatol 2005;153(6):1114e20.

[81] Lin TK, Man MQ, Santiago JL, Scharschmidt TC, Hupe M, Martin-Ezquerra G,
et al. Paradoxical benefits of psychological stress in inflammatory dermato-
ses models are glucocorticoid mediated. J Investig Dermatol 2014;134(12):
2890e7.

[82] Jozic I, Stojadinovic O, Kirsner RS, Tomic-Canic M. Stressing the steroids in
skin: paradox or fine-tuning? J Investig Dermatol 2014;134(12):2869e72.

[83] Terao Katayama. Local cortisol/corticosterone activation in skin physiology
and pathology. J Dermatol Sci 2016;84(1):11e6.

[84] Terao Itoi S, Kitaba S, Murota H, Katayama I. Local cortisol activation by 11
beta-hydroxysteroid dehydrogenase 1 in keratinocytes down regulates skin
inflammation. J Dermatol Sci 2016;84(1):e61.

[85] Man XY, Li W, Chen JQ, Zhou J, Landeck L, Zhang KH, et al. Impaired nuclear
translocation of glucocorticoid receptors: novel findings from psoriatic
epidermal keratinocytes. Cell Mol Life Sci 2013;70(12):2205e20.

[86] Itoi S, Terao M, Murota H, Katayama I. 11beta-Hydroxysteroid dehydroge-
nase 1 contributes to the pro-inflammatory response of keratinocytes. Bio-
chem Biophys Res Commun 2013;440(2):265e70.

[87] Kaut D, Tseylikman V, Alushkina N. Correlation between cortisol levels and
free radical oxidation in psoriasis patients with experience of stressful
events. Psychoneuroendocrinology 2015;61:74.

[88] Evers AW, Verhoeven EW, Kraaimaat FW, de Jong EM, de Brouwer SJ,
Schalkwijk J, et al. How stress gets under the skin: cortisol and stress reac-
tivity in psoriasis. Br J Dermatol 2010;163(5):986e91.

[89] Theoharides, Stewart JM, Taracanova A, Conti P, Zouboulis CC. Neuroendo-
crinology of the skin. Rev Endocr Metab Disord 2016;17(3):287e94.

[90] Vasiadi M, Therianou A, Sideri K, Smyrnioti M, Sismanopoulos N,
Delivanis DA, et al. Increased serum CRH levels with decreased skin CRHR-1
gene expression in psoriasis and atopic dermatitis. J Allergy Clin Immunol
2012;129(5):1410e3.

[91] Verhoeven EW, Kraaimaat FW, de Jong EM, Schalkwijk J, van de Kerkhof PC,
Evers AW. Individual differences in the effect of daily stressors on psoriasis: a
prospective study. Br J Dermatol 2009;161(2):295e9.

[92] Drake AJ, Livingstone DE, Andrew R, Seckl JR, Morton NM, Walker BR.
Reduced adipose glucocorticoid reactivation and increased hepatic gluco-
corticoid clearance as an early adaptation to high-fat feeding in Wistar rats.
Endocrinology 2005;146(2):913e9.

[93] Morton NM, Ramage L, Seckl JR. Down-regulation of adipose 11beta-
hydroxysteroid dehydrogenase type 1 by high-fat feeding in mice: a po-
tential adaptive mechanism counteracting metabolic disease. Endocrinology
2004;145(6):2707e12.

[94] Kiecolt-Glaser JK. Stress, food, and inflammation: psychoneuroimmunology
and nutrition at the cutting edge. Psychosom Med 2010;72(4):365e9.

[95] Vadakayil AR, Dandekeri S, Kambil SM, Ali NM. Role of C-reactive protein as a
marker of disease severity and cardiovascular risk in patients with psoriasis.
Indian Dermatol Online J 2015;6(5):322e5.

[96] Barrea L, Nappi F, Di Somma C, Savanelli MC, Falco A, Balato A, et al. Envi-
ronmental risk factors in psoriasis: the point of view of the nutritionist. Int J
Environ Res Public Health 2016;13(5).

[97] Vasseur P, Serres L, Jegou JF, Pohin M, Delwail A, Petit-Paris I, et al. High-fat
diet-induced IL-17A exacerbates psoriasiform dermatitis in a mouse model
of steatohepatitis. Am J Pathol 2016;186(9):2292e301.
heir associated pathogenetic mechanisms impact psoriasis, Clinical

http://refhub.elsevier.com/S0261-5614(19)30217-1/sref37
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref37
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref37
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref37
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref38
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref38
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref38
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref38
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref39
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref39
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref39
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref40
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref40
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref40
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref40
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref40
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref41
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref41
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref41
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref41
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref42
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref42
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref42
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref42
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref43
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref44
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref44
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref44
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref45
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref45
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref45
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref46
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref46
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref46
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref46
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref47
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref47
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref47
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref47
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref48
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref48
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref48
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref49
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref49
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref49
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref49
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref50
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref50
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref51
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref51
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref51
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref51
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref51
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref52
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref52
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref52
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref52
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref53
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref53
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref53
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref54
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref54
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref54
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref54
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref54
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref55
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref55
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref55
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref55
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref56
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref56
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref57
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref57
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref58
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref58
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref58
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref59
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref59
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref59
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref60
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref60
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref60
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref61
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref61
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref61
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref61
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref61
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref62
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref62
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref62
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref62
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref63
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref63
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref63
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref64
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref64
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref64
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref65
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref65
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref65
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref65
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref65
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref66
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref66
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref66
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref66
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref67
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref67
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref67
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref67
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref68
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref68
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref68
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref68
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref69
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref69
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref69
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref69
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref70
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref70
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref70
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref71
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref71
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref71
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref72
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref72
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref72
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref73
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref73
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref73
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref73
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref73
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref73
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref74
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref74
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref74
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref74
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref75
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref75
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref75
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref75
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref76
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref76
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref76
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref76
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref77
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref77
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref77
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref77
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref78
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref78
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref78
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref79
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref79
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref79
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref79
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref80
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref80
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref80
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref80
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref81
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref81
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref81
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref81
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref81
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref82
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref82
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref82
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref83
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref83
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref83
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref84
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref84
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref84
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref85
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref85
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref85
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref85
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref86
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref86
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref86
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref86
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref87
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref87
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref87
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref88
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref88
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref88
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref88
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref89
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref89
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref89
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref90
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref90
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref90
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref90
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref90
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref91
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref91
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref91
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref91
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref92
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref92
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref92
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref92
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref92
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref93
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref93
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref93
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref93
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref93
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref94
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref94
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref94
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref95
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref95
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref95
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref95
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref96
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref96
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref96
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref97
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref97
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref97
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref97


S.K. Madden et al. / Clinical Nutrition xxx (xxxx) xxx14
[98] Stelzner K, Herbert D, Popkova Y, Lorz A, Schiller J, Gericke M, et al. Free fatty
acids sensitize dendritic cells to amplify TH1/TH17-immune responses. Eur J
Immunol 2016;46(8):2043e53.

[99] Castaldo G, Galdo G, Rotondi Aufiero F, Cereda E. Very low-calorie ketogenic
diet may allow restoring response to systemic therapy in relapsing plaque
psoriasis. Obes Res Clin Pract 2016;10(3):348e52.

[100] Sicinska P, Pytel E, Kurowska J, Koter-Michalak M. [Supplementation with
omega fatty acids in various diseases]. Postepy Hig Med Dosw (Online)
2015;69:838e52.

[101] Trojacka E, Zaleska M, Galus R. [Influence of exogenous and endogenous
factors on the course of psoriasis]. Pol Merkur Lek 2015;38(225):169e73.

[102] Ferguson PJ, Laxer RM. New discoveries in CRMO: IL-1beta, the neutrophil,
and the microbiome implicated in disease pathogenesis in Pstpip2-deficient
mice. Semin Immunopathol 2015;37(4):407e12.

[103] Khan Rao SU, Rathore MU, Janjua W. Association between psoriasis and
coeliac disease related antibodies. J Ayub Med Coll Abbottabad 2014;26(2):
203e6.

[104] Qin S, Wen J, Bai XC, Chen TY, Zheng RC, Zhou GB, 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(6):
2097e104.

[105] Gupta Y, Moller S, Zillikens D, Boehncke WH, Ibrahim SM, Ludwig RJ. Genetic
control of psoriasis is relatively distinct from that of metabolic syndrome and
coronary artery disease. Exp Dermatol 2013;22(8):552e3.

[106] Ahdout J, Kotlerman J, Elashoff D, Kim J, Chiu MW. Modifiable lifestyle factors
associated with metabolic syndrome in patients with psoriasis. Clin Exp
Dermatol 2012;37(5):477e83.

[107] Simopoulos. The importance of the ratio of omega-6/omega-3 essential fatty
acids. Biomed Pharmacother 2002;56(8):365e79.

[108] Simopoulos. The importance of the omega-6/omega-3 fatty acid ratio in
cardiovascular disease and other chronic diseases. Exp Biol Med (Maywood).
2008;233(6):674e88.

[109] Simopoulos. An increase in the omega-6/omega-3 fatty acid ratio increases
the risk for obesity. Nutrients 2016;8(3):128.

[110] Richer V, Roubille C, Fleming P, Starnino T, McCourt C, McFarlane A, et al.
Psoriasis and smoking: a systematic literature review and meta-analysis
with qualitative analysis of effect of smoking on psoriasis severity. J Cutan
Med Surg 2016;20(3):221e7.

[111] Armstrong AW, Harskamp CT, Dhillon JS, Armstrong EJ. Psoriasis and
smoking: a systematic review and meta-analysis. Br J Dermatol 2014;170(2):
304e14.

[112] Wolk K, Mallbris L, Larsson P, Rosenblad A, Vingard E, Stahle M. Excessive
body weight and smoking associates with a high risk of onset of plaque
psoriasis. Acta Derm Venereol 2009;89(5):492e7.

[113] Emre S, Metin A, Demirseren DD, Kilic S, Isikoglu S, Erel O. The relationship
between oxidative stress, smoking and the clinical severity of psoriasis. J Eur
Acad Dermatol Venereol 2013;27(3):e370e5.

[114] Armstrong AW, Armstrong EJ, Fuller EN, Sockolov ME, Voyles SV. Smoking
and pathogenesis of psoriasis: a review of oxidative, inflammatory and ge-
netic mechanisms. Br J Dermatol 2011;165(6):1162e8.

[115] Farkas A, Kemeny L. Psoriasis and alcohol: is cutaneous ethanol one of the
missing links? Br J Dermatol 2010;162(4):711e6.

[116] Adamzik K, McAleer MA, Kirby B. Alcohol and psoriasis: sobering thoughts.
Clin Exp Dermatol 2013;38(8):819e22.

[117] Brenaut E, Horreau C, Pouplard C, Barnetche T, Paul C, Richard MA, et al.
Alcohol consumption and psoriasis: a systematic literature review. J Eur
Acad Dermatol Venereol 2013;27(Suppl 3):30e5.

[118] Engin B, Kutlubay Z, Yardimci G, Vehid HE, Ambarcioglu P, Serdaroglu S, et al.
Evaluation of body composition parameters in patients with psoriasis. Int J
Dermatol 2014;53(12):1468e73.

[119] Frankel HC, Han J, Li T, Qureshi AA. The association between physical activity
and the risk of incident psoriasis. Arch Dermatol 2012;148(8):918e24.

[120] Torres T, Alexandre JM, Mendonca D, Vasconcelos C, Silva BM, Selores M.
Levels of physical activity in patients with severe psoriasis: a cross-sectional
questionnaire study. Am J Clin Dermatol 2014;15(2):129e35.

[121] Naldi L, Conti A, Cazzaniga S, Patrizi A, Pazzaglia M, Lanzoni A, et al. Diet and
physical exercise in psoriasis: a randomized controlled trial. Br J Dermatol
2014;170(3):634e42.

[122] Schnyder S, Handschin C. Skeletal muscle as an endocrine organ: PGC-1a,
myokines and exercise. Bone 2015;80:115e25.

[123] Pedersen BK, Febbraio MA. Muscle as an endocrine organ: focus on muscle-
derived interleukin-6. Physiol Rev 2008;88(4):1379e406.

[124] Harper Smith AD, Coakley SL, Ward MD, Macfarlane AW, Friedmann PS,
Walsh NP. Exercise-induced stress inhibits both the induction and elicitation
phases of in vivo T-cell-mediated immune responses in humans. Brain Behav
Immun 2011;25(6):1136e42.

[125] Ainsworth BE, Haskell WL, Leon AS, Jacobs Jr DR, Montoye HJ, Sallis JF, et al.
Compendium of physical activities: classification of energy costs of human
physical activities. Med Sci Sport Exerc 1993;25(1):71e80.

[126] Blauvelt A. IL-6 differs from TNF-alpha: unpredicted clinical effects caused by
IL-6 blockade in psoriasis. J Investig Dermatol 2017;137(3):541e2.

[127] Mease PJ, Gottlieb AB, Berman A, Drescher E, Xing J, Wong R, et al. The ef-
ficacy and safety of Clazakizumab, an anti-interleukin-6 monoclonal anti-
body, in a phase IIb study of adults with active psoriatic arthritis. Arthritis &
rheumatology (Hoboken, NJ) 2016;68(9):2163e73.
Please cite this article as: Madden SK et al., How lifestyle factors and t
Nutrition, https://doi.org/10.1016/j.clnu.2019.05.006
[128] Baliwag J, Barnes DH, Johnston A. Cytokines in psoriasis. Cytokine
2015;73(2):342e50.

[129] Williams LM, Ricchetti G, Sarma U, Smallie T, Foxwell BMJ. Interleukin-10
suppression of myeloid cell activation d a continuing puzzle. Immunology
2004;113(3):281e92.

[130] Asadullah K, Sterry W, Stephanek K, Jasulaitis D, Leupold M, Audring H, et al.
IL-10 is a key cytokine in psoriasis. Proof of principle by IL-10 therapy: a new
therapeutic approach. J Clin Investig 1998;101(4):783e94.

[131] Oliveira AG, Araujo TG, Carvalho BM, Guadagnini D, Rocha GZ, Bagarolli RA,
et al. Acute exercise induces a phenotypic switch in adipose tissue macro-
phage polarization in diet-induced obese rats. Obesity (Silver Spring)
2013;21(12):2545e56.

[132] Cicarma E, Mork C, Porojnicu AC, Juzeniene A, Tam TT, Dahlback A, et al.
Influence of narrowband UVB phototherapy on vitamin D and folate status.
Exp Dermatol 2010;19(8):e67e72.

[133] Gisondi P, Rossini M, Di Cesare A, Idolazzi L, Farina S, Beltrami G, et al.
Vitamin D status in patients with chronic plaque psoriasis. Br J Dermatol
2012;166(3):505e10.

[134] Hart PH, Gorman S, Finlay-Jones JJ. Modulation of the immune system by UV
radiation: more than just the effects of vitamin D? Nat Rev Immunol
2011;11(9):584e96.

[135] Fukuya Y, Higaki M, Higaki Y, Kawashima M. Effect of vitamin D3 on the
increased expression of Bcl-xL in psoriasis. Arch Dermatol Res 2002;293(12):
620e5.

[136] Zheng S, Wang B, Han W, Zhu Z, Wang X, Jin X, et al. Vitamin D supple-
mentation and inflammatory and metabolic biomarkers in patients with
knee osteoarthritis: post hoc analysis of a randomised controlled trial. Br J
Nutr 2018;120(1):41e8.

[137] Rademaker M, Rubel DM, Agnew K, Andrews M, Armour KS, Baker C, et al.
Psoriasis and cancer. An Australian/New Zealand narrative. Australas J Der-
matol 2019;60(1):12e8.

[138] Phan C, Touvier M, Kesse-Guyot E, Adjibade M, Hercberg S, Wolkenstein P,
et al. Association between mediterranean anti-inflammatory dietary profile
and severity of psoriasis: results from the NutriNet-Sante cohort. JAMA
Dermatol 2018;154(9):1017e24.

[139] Barrea L, Macchia PE, Tarantino G, Di Somma C, Pane E, Balato N, et al.
Nutrition: a key environmental dietary factor in clinical severity and cardio-
metabolic risk in psoriatic male patients evaluated by 7-day food-frequency
questionnaire. J Transl Med 2015;13:303.

[140] Bittiner SB, Tucker WF, Cartwright I, Bleehen SS. A double-blind, randomised,
placebo-controlled trial of fish oil in psoriasis. Lancet 1988;1(8582):378e80.

[141] Collier PM, Ursell A, Zaremba K, Payne CM, Staughton RC, Sanders T. Effect of
regular consumption of oily fish compared with white fish on chronic plaque
psoriasis. Eur J Clin Nutr 1993;47(4):251e4.

[142] Lassus A, Dahlgren AL, Halpern MJ, Santalahti J, Happonen HP. Effects of
dietary supplementation with polyunsaturated ethyl ester lipids (Angio-
san) in patients with psoriasis and psoriatic arthritis. J Int Med Res
1990;18(1):68e73.

[143] Martínez-Gonz�alez MA, García-Arellano A, Toledo E, Salas-Salvad�o J, Buil-
Cosiales P, Corella D, et al. A 14-itemMediterranean diet assessment tool and
obesity indexes among high-risk subjects: the PREDIMED trial. PLoS One
2012;7(8). e43134-e.

[144] Jensen P, Zachariae C, Christensen R, Geiker NR, Schaadt BK, Stender S, et al.
Effect of weight loss on the severity of psoriasis: a randomized clinical study.
JAMA Dermatol 2013;149(7):795e801.

[145] Soyland E, Lea T, Sandstad B, Drevon A. Dietary supplementation with very
long-chain n-3 fatty acids in man decreases expression of the interleukin-2
receptor (CD25) on mitogen-stimulated lymphocytes from patients with
inflammatory skin diseases. Eur J Clin Investig 1994;24(4):236e42.

[146] Grimminger F, Mayser P, Papavassilis C, Thomas M, Schlotzer E, Heuer KU,
et al. A double-blind, randomized, placebo-controlled trial of n-3 fatty acid
based lipid infusion in acute, extended guttate psoriasis. Rapid improvement
of clinical manifestations and changes in neutrophil leukotriene profile. Clin
Investig 1993;71(8):634e43.

[147] Bjorneboe A, Smith AK, Bjorneboe GE, Thune PO, Drevon CA. Effect of dietary
supplementation with n-3 fatty acids on clinical manifestations of psoriasis.
Br J Dermatol 1988;118(1):77e83.

[148] Fraser DA, Thoen J, Reseland JE, Forre O, Kjeldsen-Kragh J. Decreased CD4þ
lymphocyte activation and increased interleukin-4 production in peripheral
blood of rheumatoid arthritis patients after acute starvation. Clin Rheumatol
1999;18(5):394e401.

[149] de Aguiar Vallim TQ, Tarling EJ, Edwards PA. Pleiotropic roles of bile acids in
metabolism. Cell Metabol 2013;17(5):657e69.

[150] Gibson PR, Barrett JS. The concept of small intestinal bacterial overgrowth in
relation to functional gastrointestinal disorders. Nutrition 2010;26(11e12):
1038e43.

[151] Sekirov I, Tam NM, Jogova M, Robertson ML, Li Y, Lupp C, et al. Antibiotic-
induced perturbations of the intestinal microbiota alter host susceptibility to
enteric infection. Infect Immun 2008;76(10):4726e36.

[152] Taracanova A, Theoharides T. Substance P and IL-33 synergistically stim-
ulate mast cells to release IL-1b and TNF-a implicated in psoriasis; inhi-
bition by the flavonoid methoxyluteolin (THER2P.960). J Immunol
2015;194(Suppl. 5). 67.11.

[153] Braune A, Blaut M. Bacterial species involved in the conversion of dietary
flavonoids in the human gut. Gut Microb 2016;7(3):216e34.
heir associated pathogenetic mechanisms impact psoriasis, Clinical

http://refhub.elsevier.com/S0261-5614(19)30217-1/sref98
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref98
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref98
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref98
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref99
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref99
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref99
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref99
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref100
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref100
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref100
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref100
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref101
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref101
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref101
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref102
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref102
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref102
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref102
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref103
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref103
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref103
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref103
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref104
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref104
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref104
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref104
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref104
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref105
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref105
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref105
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref105
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref106
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref106
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref106
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref106
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref107
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref107
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref107
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref108
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref108
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref108
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref108
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref109
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref109
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref110
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref110
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref110
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref110
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref110
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref111
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref111
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref111
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref111
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref112
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref112
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref112
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref112
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref113
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref113
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref113
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref113
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref114
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref114
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref114
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref114
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref115
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref115
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref115
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref116
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref116
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref116
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref117
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref117
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref117
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref117
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref118
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref118
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref118
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref118
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref119
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref119
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref119
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref120
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref120
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref120
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref120
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref121
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref121
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref121
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref121
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref122
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref122
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref122
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref123
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref123
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref123
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref124
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref124
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref124
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref124
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref124
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref125
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref125
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref125
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref125
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref126
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref126
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref126
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref127
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref127
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref127
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref127
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref127
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref128
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref128
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref128
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref129
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref129
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref129
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref129
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref129
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref130
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref130
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref130
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref130
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref131
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref131
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref131
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref131
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref131
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref132
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref132
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref132
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref132
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref133
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref133
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref133
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref133
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref134
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref134
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref134
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref134
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref135
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref135
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref135
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref135
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref136
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref136
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref136
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref136
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref136
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref137
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref137
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref137
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref137
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref138
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref138
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref138
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref138
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref138
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref139
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref139
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref139
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref139
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref140
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref140
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref140
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref141
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref141
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref141
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref141
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref142
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref142
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref142
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref142
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref142
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref143
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref143
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref143
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref143
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref143
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref143
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref144
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref144
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref144
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref144
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref145
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref145
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref145
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref145
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref145
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref146
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref146
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref146
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref146
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref146
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref146
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref147
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref147
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref147
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref147
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref148
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref148
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref148
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref148
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref148
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref149
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref149
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref149
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref150
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref150
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref150
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref150
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref150
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref151
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref151
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref151
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref151
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref152
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref152
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref152
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref152
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref153
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref153
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref153


S.K. Madden et al. / Clinical Nutrition xxx (xxxx) xxx 15
[154] Sheikh G, Masood Q, Majeed S, Hassan I. Comparison of levels of serum
copper, zinc, albumin, globulin and alkaline phosphatase in psoriatic patients
and controls: a hospital based casecontrol study. Indian Dermatol Online J
2015;6(2):81e3.

[155] McCusker M, Sidbury R. Nutrition and skin: kids are not just little people.
Clin Dermatol 2016;34(6):698e709.

[156] Pappas A, Liakou A, Zouboulis CC. Nutrition and skin. Rev Endocr Metab
Disord 2016;17(3):443e8.
Please cite this article as: Madden SK et al., How lifestyle factors and t
Nutrition, https://doi.org/10.1016/j.clnu.2019.05.006
[157] Manayi A, Vazirian M, Saeidnia S. Echinacea purpurea: pharmacology,
phytochemistry and analysis methods. Phcog Rev 2015;9(17):63e72.

[158] Zhang X, Wu J, Ye B, Wang Q, Xie X, Shen H. Protective effect of curcumin on
TNBS-induced intestinal inflammation is mediated through the JAK/STAT
pathway. BMC Complement Altern Med 2016;16(1):299.

[159] Witham WG, Yester KA, McGaffin KR. A high leucine diet mitigates cardiac
injury and improves survival after acute myocardial infarction. Metabolism
2013;62(2):290e302.
heir associated pathogenetic mechanisms impact psoriasis, Clinical

http://refhub.elsevier.com/S0261-5614(19)30217-1/sref154
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref154
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref154
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref154
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref154
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref155
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref155
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref155
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref156
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref156
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref156
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref157
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref157
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref157
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref158
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref158
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref158
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref159
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref159
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref159
http://refhub.elsevier.com/S0261-5614(19)30217-1/sref159

	How lifestyle factors and their associated pathogenetic mechanisms impact psoriasis
	1. Background and aims
	1.1. Methods

	2. Results
	2.1. Pathogenetic mechanisms
	2.1.1. Essential fatty acid metabolism and the eicosanoids
	2.1.2. Metabolic syndrome
	2.1.3. The gut connection

	2.2. Lifestyle
	2.2.1. The stress response
	2.2.2. The inflammatory diet
	2.2.3. Smoking and alcohol
	2.2.4. The immunomodulatory benefits of exercise
	2.2.5. Dietary intervention: vitamin D, omega 3 and the mediterranean diet
	2.2.6. Dietary intervention: bile acids and potential solutions to SIBO


	3. Conclusion
	Acknowledgements
	Appendix A. Supplementary data
	References


