
Review began 08/17/2023 
Review ended 08/28/2023 
Published 09/01/2023

© Copyright 2023
Vats et al. This is an open access article
distributed under the terms of the Creative
Commons Attribution License CC-BY 4.0.,
which permits unrestricted use, distribution,
and reproduction in any medium, provided
the original author and source are credited.

Gluten Intolerance and Its Association With Skin
Disorders: A Narrative Review
Vaibhav Vats  , Pallavi Makineni  , Sarah Hemaida  , Anum Haider  , Sachin Subramani  , Navjot Kaur  ,
Amna Naveed Butt  , Renee Scott-Emuakpor  , Mohammad Zahir  , Midhun Mathew  , Javed Iqbal 

1. Internal Medicine, Smt. Kashibai Navale Medical College and General Hospital, Mumbai, IND 2. Medicine, All India
Institute of Medical Sciences, Bhubaneswar, Bhubaneswar, IND 3. Physician, Istanbul Okan University, Istanbul, TUR
4. Internal Medicine, Bahria University Medical & Dental College, Karachi, PAK 5. Medicine, ESIC Medical College
Gulbarga, Gulbarga, IND 6. Medicine, Government Medical College, Amritsar, Amritsar, IND 7. Medicine/Internal
Medicine, Allama Iqbal Medical College, Lahore, PAK 8. Dermatology, University of Miami Miller School of Medicine,
Miami, USA 9. Medicine, Ayub Medical College, Abottabad, Abottabad, PAK 10. Internal Medicine, Pennsylvania
Hospital, Philadelphia, USA 11. Neurosurgery, Mayo Hospital, Lahore, PAK

Corresponding author: Javed Iqbal, ijaved578578@gmail.com

Abstract
Gluten sensitivity is defined as a chronic intolerance to gluten ingestion in genetically predisposed
individuals. The etiology is thought to be immune-mediated and has a variable dermatologic presentation.
Celiac disease (CD) is one of the most common forms of gluten intolerance and encompasses a wide range of
extra-intestinal pathology, including cutaneous, endocrine, nervous, and hematologic systems. Psoriasis,
another long-term inflammatory skin condition, has been linked to significant symptomatic improvement
with a gluten-free diet (GFD). Palmoplantar pustulosis (PP), a variant of psoriasis, and aphthous stomatitis,
which causes recurrent oral ulcers, have also exhibited beneficial results after the dietary elimination of
gluten. In addition to this, dermatitis herpetiformis (DH), another immune-mediated skin disorder, is
genetically similar to CD and has, therefore, shown tremendous improvement with a GFD. Another highly
prevalent long-term skin condition called atopic dermatitis (AD), however, has revealed inconsistent results
with gluten elimination and would require further research in the future to yield concrete results. Hereditary
angioedema (HA) has shown an association with gluten intolerance in some patients who had symptomatic
benefits with a GFD. Similarly, vitiligo and linear IgA bullous dermatosis have also shown some clinical
evidence of reversal with a GFD. On the contrary, rosacea enhances the risk of developing CD. This narrative
review emphasizes the potential impact of gluten intolerance on different cutaneous conditions and the
potential therapeutic effect of a GFD on various symptomatic manifestations. There is a need for additional
clinical and observational trials to further expand on the underlying pathophysiology and provide conclusive
and comprehensive recommendations for possible dietary interventions.
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Introduction And Background
The term gluten intolerance describes a spectrum of enduring immune-mediated hypersensitivity to
ingested gluten within genetically susceptible populations [1]. More than 90% of cases exhibit positive
human leukocyte antigen (HLA)-DQ2 (DQA1/DQB1*2) testing [2,3]. The primary explanation centers on
suboptimal immune tolerance within genetically predisposed groups, coupled with heightened permeability
of the intestinal wall [4,5]. This combination potentially sets the stage for a T-cell-mediated immune
reaction within the lamina propria and gut epithelium [3].

Although widely prevalent, celiac disease (CD) often presents minimal to virtually inconspicuous
gastrointestinal symptoms. It frequently comes under suspicion due to its comparable immune-mediated
presentation and extra-intestinal manifestations, including those involving the thyroid, skin, nervous
system, and blood [6]. Chronic lymphocytic (Hashimoto thyroiditis) represents the most frequent
association, followed by various skin conditions [6].

In essence, approximately 60% of patients diagnosed with CD and concurrent thyroid disorders exhibit at
least one of these dermatological manifestations, encompassing vitiligo, psoriasis, alopecia, stomatitis,
atopic dermatitis, and systemic lupus erythematosus (SLE), among others [4]. Humbert et al. have proposed a
classification of distinct cutaneous pathologies linked to CD, categorizing them into allergic, autoimmune,
inflammatory, and miscellaneous groups [7]. The prevailing complaint is pruritus. Despite the diverse array
of cutaneous findings, most patients report a noteworthy improvement after eliminating gluten from their
diets [4]. Poon et al. also noted the consistent presence of C3 deposits at the dermal-epidermal junction in a
majority (82%) of the cases studied [8].

Despite the accumulating evidence connecting these skin findings to CD, our understanding of their
relationship with gluten and precise underlying mechanisms remains limited. This review focuses on the
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most commonly associated dermatological manifestations of CD, their prognosis, and the documented
response to gluten-free diets.

Review
Immunopathogenesis of skin conditions with gluten intolerance
The diagnosis of non-celiac gluten sensitivity (NCGS) is increasingly associated with a notable predilection
toward skin-related disorders. Consequently, a focused investigation into the immunopathological aspects
of NCGS, particularly those related to skin lesions, has been undertaken. In a study involving 17 subjects
diagnosed with NCGS and exhibiting nonspecific cutaneous manifestations, skin samples were obtained for
immunological assessment. Results indicated that the median age of the subjects was 36, with 76% being
females. These subjects displayed intensely pruritic cutaneous changes on the extensor areas of the
extremities, resembling eczema, psoriasis, or dermatitis herpetiformis. Pathological examination of skin
samples revealed deposits of C3, along the dermo-epidermal junction in a microgranular pattern. C3, a
pivotal protein in the immune system, functions as a front-line defense against certain diseases involving
the body's innate immune response [9].

In another study, excessive production of Th2-related cytokines, such as interleukin (IL)-4 and IL-5, was
identified in the serum of patients with dermatitis herpetiformis, both in their skin and blood circulation
[10]. Diagnosis of dermatitis herpetiformis hinges on the accumulation of immunoglobulin IgA in the
papillary dermis. Distinctive antigenic markers, namely, epidermal TG3 and tissue TG2, differentiate
affected sites, targeting IgA deposits in the skin and small bowel mucosa. Although DH may be
asymptomatic, active coeliac disease in the gastrointestinal tract leads to the formation of IgA TG3 antibody
complexes that localize to the skin [11].

Psoriasis

Psoriasis, a chronic skin condition, exerts systemic impacts on cardiac, metabolic, and musculoskeletal
systems. Its pathophysiology primarily revolves around immunological processes, notably involving IL-17,
IL-23, and TNF-α [12]. Genetic and autoimmune factors are also intertwined with the disease process [13].

Symptoms: Typical symptoms encompass pruritus, burning, bleeding, and exudation, often accompanied by
psychological conditions such as depression [14]. Immune targets have been a cornerstone of therapy,
although dietary modifications have shown intriguing outcomes [12,15].

Clinical studies: A Russian study revealed that 14% of psoriasis patients and 2% of controls displayed
elevated anti-gliadin IgA antibodies (AGA). Of these, 5% exhibited strong positive antibodies. After
implementing a gluten-free diet (GFD) and monitoring for 12 months, the study demonstrated improvement
in psoriatic skin lesions and severity scores in AGA-positive patients. This suggests the potential benefits of
a GFD for psoriasis patients with positive AGA antibodies [16]. Another study showed that induction of GFD
for three months led to a significant reduction in psoriasis severity scores among AGA-positive patients,
even those with normal duodenal biopsies. However, AGA-negative patients showed no improvement, and a
more pronounced decrease in serum eosinophilic cationic protein was observed in AGA-positive patients
[17].

Treatment: Dietary modifications, including GFD and weight reduction, are recommended in conjunction
with medical management, alongside potential supplements such as vitamin D for psoriasis [15].

Palmoplantar Pustulosis

Pathophysiology: Recently, dermatological conditions, such as palmoplantar pustulosis and gluten
intolerance, have gained crucial attention because of how greatly these conditions may impact the
diagnosed patients' quality of life. While these two conditions may appear independent of each other,
emerging evidence suggests a potential link between them [18]. Palmoplantar pustulosis is a chronic skin
condition that predominantly affects the palms of the hands as well as the soles of the feet. 

Symptoms: The emergence of minuscule, pus-drenched blisters in the abovementioned areas are the main
physical characteristics that subjectively define this ailment [18]. An individual experiencing a palmoplantar
pustulosis flare-up may exhibit symptoms, such as thickened skin, skin redness, or skin peeling,
accompanied by unbearable itchy, and burning sensations along the inflamed regions [18]. Furthermore,
palmoplantar pustulosis is a variant of psoriasis, yet its pathophysiology remains inconclusive within the
medical community, and little is known about the genesis of the condition. 

Clinical studies: A study involving 123 individuals with palmoplantar pustulosis examined IgA antibodies
against gliadin and tissue transglutaminase following a GFD. The results indicated that those with IgA
antibodies could experience symptom alleviation through a GFD [18]. Another study involving psoriasis
patients without CD demonstrated clinical improvement after adhering to a strict GFD for at least 90 days
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[19]. Although the specific mechanisms connecting palmoplantar pustulosis and gluten intolerance require
further investigation, shared immune system dysregulation components between palmoplantar pustulosis
and psoriasis are speculated to play a role [19,20].

In conclusion, recognizing the potential link between dermatological disorders and seemingly unrelated
conditions such as gluten intolerance is essential for comprehensive patient care and could aid in
understanding the underlying causes of these conditions [21].

Aphthous Stomatitis

Aphthous stomatitis, commonly known as canker sores, is characterized by the presence of painful mucosal
ulcers in nonkeratinized areas of the mouth and throat [22].

Pathophysiology: Although no single identifiable cause has been pinpointed, the etiology of aphthous
stomatitis is believed to be multifactorial [23]. This condition has been associated with autoimmune
disorders, such as Behcet's disease, inflammatory bowel disease, CD, and SLE, as well as dermatological
disorders, malnutrition (e.g., deficiencies in vitamin B12, folate, and iron), infections (e.g., HIV), and certain
drugs (e.g., methotrexate). Local trauma, such as accidentally biting the tongue, is also a common trigger
[23,24]. T-cell-mediated immune dysfunction and the secretion of cytokines such as TNF-alpha play a
significant role in the development of aphthous ulcers [25].

Symptoms: Aphthous ulcers are characterized by their round to oval shape, resembling craters with
yellowish-gray bases and erythematous margins on efflorescence [23]. These ulcers can manifest in different
forms, including minor ulcers (the most common), major ulcers, and herpetiform ulcers [26].

Clinical studies: Research by Shakeri et al. in Iran examined 247 patients with recurrent aphthous ulcers. A
subset of patients (2.83%) showed a significant improvement in symptoms over six months after adopting a
strict GFD. This improvement was observed even in cases that did not respond to conventional anti-aphthae
treatment [27]. Another study by Ferguson et al. in Birmingham reported similar results, indicating gluten
sensitivity as an underlying cause of aphthous ulcers [28]. A study by Wray on 20 patients with recurrent
aphthous stomatitis, all on a GFD, found favorable responses in 25% of patients, suggesting gluten
sensitivity even without enteropathy [29]. A meta-analysis showed that patients with CD had a significantly
higher frequency of aphthous stomatitis compared to healthy subjects (OR=3.79, 95% CI=2.67-5.39) [30].
Additionally, Ferguson et al. recommended screening for deficiencies in folate, B12, and iron in patients
with recurrent aphthae, with jejunal biopsy reserved for cases showing evidence of malabsorption [31].

Treatment: Management of aphthous stomatitis focuses on symptom relief and includes the use of topical
corticosteroids, antimicrobials, and anesthetics [32]. The studies mentioned above suggest that screening for
vitamin deficiencies and serological markers could enhance the evaluation and management of aphthous
ulcer treatment [29-31].

Cutaneous Small Vessel Vasculitis (CSSV)

The literature has infrequently documented the connection between CD and cutaneous vasculitis [33-37].
Leukocytoclastic vasculitis is a histopathologic diagnosis given to CSSV involving arterioles, capillaries, and
venules. This condition is characterized by the accumulation of an inflammatory infiltrate, primarily
composed of neutrophils, with associated fibrinoid necrosis and disintegrated nuclear fragments around the
cutaneous small vessels [38].

Pathophysiology: The etiology of CSSV mainly includes viral or bacterial infections (20%), inflammatory
diseases (15%-20%), various drug reactions (10%-15%), malignancies (5%), and idiopathic origins for the
rest [39,40]. The pathogenesis involves the deposition of immune complexes around the small vessel walls,
triggering and activating the complement system. Neutrophils are recruited, leading to vessel wall injury
and extravasation of red blood cells, fibrin, and serum [41].

Symptoms: Cutaneous manifestations typically appear on the lower extremities and encompass palpable
purpura, nodules, skin vesicles, bullous skin lesions, and livedo reticularis [42].

Clinical studies: In a case report by Meyers et al., a 38-year-old female with a 20-year history of CD
developed purpuric painful nodules in the lower extremities. Skin biopsy confirmed leukocytoclastic
vasculitis. The patient adhered to a strict GFD, leading to complete resolution of skin lesions within four
months [36].

In CD patients, increased intestinal permeability to exogenous antigens arises from bowel wall damage [43].
Additionally, endogenous antigens released from the injured small bowel mucosa can lead to autoimmune
sensitization [44,45]. Circulating immune complexes from these antigens may deposit in the skin due to
compromised phagocytic function of the reticuloendothelial system, leading to small vessel wall damage via
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complement system activation and neutrophil recruitment, ultimately causing cutaneous vasculitis. A skin
biopsy taken from the earliest, most symptomatic skin lesion serves as the gold standard for diagnosing
cutaneous vasculitis. Direct immunofluorescence (DIF) to detect immunoglobulins holds diagnostic and
prognostic value [38,46]. Basic blood work, including complete blood count, complete metabolic panel with
liver function tests, erythrocyte sedimentation rate, and urinalysis, should be conducted if systemic
involvement is not suspected. Further extensive testing is required if systemic involvement is suspected
[38,42]. Approximately 90% of CSSV cases are self-limited, resolving spontaneously within weeks to months.

Treatment: The adoption of a strict GFD has proven highly beneficial, as reported by Marsh et al. and Pulido-
Pérez et al. [44,45] and is recommended in various literature reviews [36,44]. The treatment of
leukocytoclastic vasculitis often involves corticosteroids. Notably, cutaneous vasculitis incidence appears
higher in patients with poorly controlled CD [33,36,47].

Alopecia Areata (AA)

AA is an autoimmune condition causing non-scarring hair loss. Prevalent in approximately 2% of the
population, AA's occurrence spans various age groups and both sexes [48].

Clinical presentation: AA's clinical presentation varies, from well-defined areas of hair loss to complete body
hair loss, including scalp hair [49]. Nail involvement, characterized by pitting and friability, affects around
10-20% of cases [49]. Disease severity and age at onset dictate prognosis [50].

Pathophysiology: While the exact mechanism of AA remains unclear, diminishing immune tolerance of hair
follicles is believed to contribute to their destruction and promote inflammatory pathways [50]. These
changes may manifest as dystrophic hair follicles with yellow dots on trichoscopy.

Clinical studies: AA, like other autoimmune diseases, shows associations with SLE, rheumatoid arthritis,
autoimmune thyroiditis, Addison's disease, and vitiligo [51]. An association between AA and CD was first
outlined by Corazza et al. in 1995 [52]. This link has been supported by subsequent studies, with prevalence
estimates ranging from 1:85 to 1:116 [53,54]. Interestingly, a higher occurrence of AA and vitiligo is reported
in dermatitis herpetiformis patients compared to the general population [55]. Elevated prevalence of anti-
gliadin antibodies is also linked to extensive diseases such as alopecia universalis [56]. Ertekin et al. found
that 41.7% of pediatric AA patients tested positive for IgA anti-tG Ab, and these patients exhibited total
villous atrophy (Marsh type-IIIc) on intestinal biopsy. Eliminating gluten restored hair growth, suggesting
CD screening for pediatric AA patients. However, a 2016 study by Mokhtari et al. found no significant
difference in CD serological markers between case and control groups (p=0.35), suggesting the need for
alternate CD detection methods [56].

Treatment: Despite limited evidence, a GFD trial is recommended for refractory AA cases [57]. Clinical
improvement in CD-related autoimmune conditions upon adopting a GFD is attributed to immune
homeostasis restoration [54]. Many patients on a GFD experience normal hair regrowth without further
recurrences, despite the usual recurrence pattern observed in alopecia areata [58].

Dermatomyositis (DM)

DM is an autoimmune connective tissue disorder primarily affecting the skin and skeletal muscles [59]. It is
also associated with other diseases, such as inflammatory myopathies (IM), categorized into DM,
polymyositis (PM), and sporadic inclusion body myositis (sIBM) based on histopathology [60]. While this
association is documented in children, its significance in adults remains to be clarified [61].

Symptoms: Symptoms include various skin findings, such as heliotrope rash, Gottron’s papule, and Holster
sign. Limb weakness, especially proximal, is prominent. Investigations reveal elevated CPK levels, EMG
changes, and muscle biopsy indicating peri fascicular atrophy [59,62].

Clinical studies: In a study examining the link between CD and IM, IgA class AGA antibodies were found in
11% of DM patients, 44% of PM patients, and 100% of sIBM patients. Notably, these antibodies were more
frequently associated with sIBM than DM [60]. A case reported a 40-year-old female with CD-associated DM.
Symptoms of both conditions resolved with a GFD, emphasizing the importance of testing for CD in DM
patients, even without GI symptoms [61].

SLE

Pathophysiology: SLE (lupus) is a chronic autoimmune disease characterized by hyperactive immune
responses targeting healthy cells and tissues [63]. While lupus affects various organs, it particularly impacts
the integumentary system, leading to significant immune-mediated damage [64]

Symptoms: Prominent symptoms include a butterfly-shaped rash on the face, loss of appetite, fever, mouth
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ulcers, and painful, swollen joints [65]. Research has shown an association between lupus and CD, with some
studies reporting a higher prevalence of lupus in individuals with biopsy-verified CD [66, 67]. However,
further research is needed to fully understand the relationship [66].

Clinical studies: A recent study examining the correlation between SLE and adult CD involved the evaluation
of 246 patients diagnosed with both conditions. Among these patients, six individuals (2.4%) with CD and
lupus experienced a diagnosis of lupus at least a decade or 10 years after being diagnosed with CD. This
delayed lupus diagnosis occurred despite the normalization of small intestinal biopsies following adherence
to a GFD. These findings suggest a potentially higher prevalence of SLE, which could be identified through
an extended clinical follow-up period among biopsy-defined CD patients [68].

In a subsequent study conducted by Rensch et al. involving 103 SLE patients to assess the prevalence of CD,
it was found that 24 patients (23.3%) tested positive for IgA and IgM antigliadin antibodies. However, none
of these 24 patients exhibited endoscopic or histologic findings consistent with CD, indicating a notable
false-positive rate for antigliadin antibodies. The study concluded that there is no significant association
between CD and lupus [67].

Lastly, in the research study titled "Increased Risk of Systemic Lupus Erythematosus in 29,000 Patients with
Biopsy-Verified Celiac Disease," the case presented demonstrates that individuals diagnosed with CD faced a
noteworthy threefold increase in the risk of developing SLE compared to the general population. However,
the study consistently highlights that the absolute risks of developing lupus within this cohort remain low
[68].

Treatment: Based on the existing literature, one is able to conclude that the best treatment option for
individuals living with dermatologic manifestations brought about by a diagnosis of SLE may be similar to
that of an individual discord with CD or gluten sensitivity, a GFD [68].

Undifferentiated Connective Tissue Disorder (UCTD)

UCTD refers to systemic autoimmune conditions with one or more clinical manifestations of definite
connective tissue disease (CTD) lasting at least three years, accompanied by positive ANA results. UCTD
shares clinical and serological features with established CTDs while not meeting any current classification
criteria [69]. 

Pathophysiology: Immunoregulatory mechanisms are believed to play a role in the pathogenesis of UCTD. A
study by Szodoray et al. revealed an association of UCTD with decreased natural regulatory T-cells. A further
decrease was associated with disease activity, progression into a differentiated CTD, and poor prognosis [70].

Symptoms: The presentation of patients with UCTD can vary with a wide range of symptoms, with arthralgia
and cutaneous features being the most common [71].

Clinical studies: Conti et al. prospectively and retrospectively studied 52 patients diagnosed with
undifferentiated CTD after subdividing them into different CTD-like subgroups. An endoscopic biopsy and
histological examination were done in six patients positive for CD serology (anti-gliadin, anti-endomysium,
and anti-TTG antibodies). Four out of the six patients showed villous atrophy, with 83% of celiac patients
showing a scleroderma-like phenotype. Symptoms of fever and myalgia regressed early following a GFD
suggesting early recommendation of GFD to all patients with UCTD and GSE [72]. 

Rosato et al. investigated positive celiac serology in 50 patients with systemic sclerosis (SSc). Duodenal
histology was studied in four out of five patients positive for serology to diagnose CD according to
Marsh/Oberhuber classification. All four patients studied had positive histological findings. The study
showcased a significant occurrence of CD in individuals with SSc, implying the need for regular CD
screening in SSc patients [73]. Nisihara et al. conducted a case-control study involving 105 individuals with
scleroderma (34.2% diffuse scleroderma and 56.2% limited scleroderma) and 97 volunteers in Brazil. The
study revealed no elevated occurrence of anti-endomysial antibodies among individuals with scleroderma,
concluding the unnecessity of routine screening for CD without a clear indication. The variation might be
explained by variation in genetic makeup and the proportion of generalized SSc form under investigation,
necessitating broader multicenter studies for additional insights [74].

Urticaria

Urticaria (hives) is a skin condition characterized by itchy, raised, and red welts that can appear and
disappear over hours or days [75].

Pathophysiology: The underlying pathophysiology involves various triggers, including allergic reactions,
infections, medications, and autoimmune conditions, such as CD [75]. CD, an autoimmune condition caused
by gluten ingestion, leads to immune system dysregulation and inflammation in the small intestine, causing
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damage to the villi responsible for nutrient absorption [76]. The connection between urticaria and CD lies in
the shared autoimmune nature and potential immune system dysregulation. CD can contribute to urticaria
through increased immune activation, mast cell activation, potential cross-reactivity to non-gluten
proteins, and alterations in the gut microbiota influencing skin conditions [76].

Symptoms: Clinical symptoms of urticaria include raised welts of varying size and shape, intense itching,
redness, swelling, transient nature, burning or stinging sensations, and sometimes angioedema. In severe
cases, systemic symptoms like difficulty breathing, dizziness, nausea, vomiting, or anaphylaxis may occur
[77].

Clinical studies: Here, we highlight key findings from relevant studies, shedding light on the association
between gluten intolerance and urticaria. One compelling case study by Hautekeete et al. illustrated a
significant improvement in chronic urticaria symptoms after implementing a GFD. The patient experienced
a notable weight gain of 7 kg over several months and observed a gradual amelioration of urticaria after two
months, ultimately leading to its complete disappearance after three months on the GFD. Subsequent small
bowel biopsies demonstrated partial regeneration of villi, reinforcing the connection between gluten
intolerance and chronic urticaria [78]. The prevalence of urticarial rash has been investigated in various
autoimmune diseases, including CD.

A study conducted by Kolkhir et al. revealed that urticarial rash was notably higher in eosinophilic
granulomatosis with polyangiitis, rheumatoid arthritis (RA), autoimmune thyroid disease, SLE, and CD
patients. CD patients exhibited a rate of urticarial rash above 1.5%, emphasizing the potential link between
these conditions [79]. Moreover, patients with chronic spontaneous urticaria, particularly adult females with
positive family history and genetic predisposition for autoimmune disorders, were found to be more
vulnerable to developing autoimmune diseases. As such, a diligent screening for signs and symptoms of
autoimmune diseases is crucial in this subgroup of patients [79]. The resolution of symptoms in a CD patient
on a GFD further supports the correlation between gluten intolerance and urticaria.

Pedrosa et al. reported that, after seven months on a GFD, the patient's anemia improved, transaminase
levels decreased, iron metabolism normalized, and cold urticaria episodes did not recur. These observations
were consistent with the normalization of IgA anti-tissue transglutaminase (TTG) titers, confirming the
benefit of a GFD in the reduction of the disease [80].

Atopic Dermatitis

Atopic dermatitis is a prevalent, chronic skin condition characterized by a compromised skin barrier, leading
to persistent inflammation, affecting up to 20% of children and 10% of adults worldwide [81].

Pathophysiology and clinical symptoms: The fundamental pathophysiology of AD involves a compromised
skin barrier, resulting in moisture loss and creating an entry point for bacteria and other pathogenic
microorganisms. This dry skin condition leads to itching, lichenification, susceptibility to infections, and
disrupted sleep patterns [82].

Clinical studies: AD has a multifaceted etiology involving environmental, genetic, and immunologic factors
[83]. Notably, the potential link between gut health and AD has been extensively discussed. A cross-sectional
study involving 169 individuals demonstrated that 51% of participants with atopic dermatitis experienced
improvement upon eliminating gluten from their diet [84]. Sur et al. presented a case report about a 32-
year-old woman and her two daughters, diagnosed with AD in early childhood, who observed substantial
symptom alleviation after adopting a GFD [85]. Additionally, a specific form of gluten sensitivity known as
CD is associated with AD. A study focusing on the pediatric population revealed that 45% of children with
CD had concurrent AD [82]. Another study indicated a 3.8% prevalence of AD among adult patients with CD
[86].

The primary mechanism underlying these findings suggests that gluten consumption triggers inflammation
and malabsorption in genetically predisposed individuals, leading to extra-intestinal manifestations,
particularly cutaneous inflammatory conditions like AD [87]. Furthermore, the prolamins, which are
glutamine/proline-rich proteins present in gluten, are challenging to digest due to their distinctive peptide
bonds.

Treatment: Although research has concentrated on peptidases such as POP and PEP, achieving complete
gluten hydrolysis often necessitates the combination of different peptidases. Further investigation is
required to ascertain their efficacy and safety for therapeutic applications. Enzyme therapy may
complement a GFD by mitigating gluten-induced effects resulting from inadvertent consumption, but it
should not be regarded as a standalone treatment for CD [88].

Hereditary Angioedema
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Hereditary angioedema is a rare genetic disorder characterized by localized tissue edema, swelling, and
redness, resulting from increased blood vessel permeability due to vasodilators and pro-inflammatory
agents, such as bradykinin and histamine - a condition known as angioedema. Angioedema can either be
hereditary or acquired [89].

Pathophysiology: The underlying pathophysiology of this disorder involves a deficiency or functional
inactivity of the enzyme C1 inhibitor. This deficiency disrupts several important biochemical mediator
pathways, including complement, fibrinolytic, coagulation, and kinin cascades. Consequently, there is an
elevated production of bradykinin, contributing to the disease's clinical manifestations [90].

Symptoms: Symptomatically, patients with hereditary angioedema present with episodic and non-pruritic
swelling of the skin and associated tissues in various areas, such as extremities, abdomen, gastrointestinal
tract, face, and neck structures [91].

Clinical studies: Clinical studies have suggested a correlation between hereditary angioedema and gluten
intolerance [90,92]. A comprehensive study involving 128 patients with hereditary angioedema revealed that
18.1% of them also suffered from gluten intolerance and CD - significantly higher than the normal
prevalence of 1.2% for CD. Diagnosis of CD was established using IgA-endomysial antibodies, IgG-
endomysial antibodies, IgA-tissue transglutaminase, and IgG-tissue transglutaminase. The study reported
that incorporating a GFD into patients' meals and substituting tranexamic acid-based wheat with danazol-
based wheat starch alleviated abdominal symptoms. However, the study did not elucidate any potential
impact of this dietary intervention on the cutaneous manifestations of hereditary angioedema. It is
noteworthy that both hereditary angioedema and CD can present with abdominal symptoms due to their
involvement in the gastrointestinal tract. Consequently, the study recommends screening patients with
hereditary angioedema for CD if abdominal symptoms persist despite management. Furthermore, patients
with CD should undergo screening for hereditary angioedema if they report persistent abdominal symptoms
even after initiating a GFD in their treatment regimen [93].

Vitiligo

Vitiligo is a primarily acquired disorder characterized by progressive, autoimmune-mediated loss of
melanocytes from the skin. As a consequence, depigmented patches develop on the affected areas, appearing
lighter in shade than the surrounding skin [94]. According to a report, vitiligo affects 0.5-2% of the global
population [95].

Pathophysiology: To date, the specific causes of vitiligo remain elusive, and no definitive environmental
associations have been identified. Several theories have been proposed to elucidate the etiology behind this
condition. The most widely accepted theory is the autoimmune theory mentioned earlier [94]. Furthermore,
studies have indicated that individuals with vitiligo are at a relatively higher risk of developing other
autoimmune disorders, such as pernicious anemia, diabetes mellitus, and thyroid diseases, compared to the
general population [96-100].

Clinical studies: Two case reports have suggested a potential relationship between vitiligo and a GFD. The
first case report [101] describes a 9-year-old girl with both CD and vitiligo, who exhibited significant
repigmentation three years after adopting a GFD. The repigmentation persisted for seven years after
initiating the diet. The second case report [102] outlines the improvement and repigmentation of a 22-year-
old female without CD or gluten intolerance following the adoption of a GFD. These cases hint at a
connection between a GFD and vitiligo, even in patients without CD. Hence, exploring the effects of a GFD
on vitiligo patients is deemed worthwhile.

Moreover, two studies have explored the relationship between vitiligo and IgA antibodies associated with
CD. In the initial cross-sectional study, serology testing of 198 vitiligo patients did not detect any antibodies
[103]. However, a more recent case-control study demonstrated a potential link between vitiligo and CD. Of
the 64 vitiligo patients, two were found positive for EMA-IgA and tTG IgA antibodies related to CD, while all
64 control participants tested negative for these antibodies [104]. These findings suggest a possible
connection between vitiligo and a gluten diet.

Rosacea

Rosacea is defined as a skin condition primarily prevalent among light-skinned individuals, affecting the
mid-facial area, including the nose, forehead, and cheeks. It is characterized by erythrogenic (redness-
inducing) and inflammatory features, often exhibiting a chronic nature. While rosacea is more commonly
observed in light-skinned individuals, several studies have documented its occurrence in people of Latin,
African, or Asian descent [105,106]. While rare, rosacea can be more severe in males and more prevalent in
females. The onset of the disease typically occurs after the age of 30 [107-109].

Pathophysiology: The underlying mechanisms behind rosacea remain unclear and not fully understood.
However, the condition has been associated with various triggering and exacerbating factors, including
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transient temperature changes, physical exhaustion, strenuous activity, exposure to UV rays, alcohol
consumption, and certain microorganisms, such as Bartonella quintana, Helicobacter pylori, and Demodex
species [110,111]. Rosacea manifests its symptoms through immune system modulation and heightened
vascular sensitivity. Specifically, toll-like receptors 2 (TLR-2), TRP ion channels, and specific cytokines that
play crucial roles in inflammatory responses are implicated [112]. It is important to note that individuals
with rosacea often experience emotional and social distress due to the visible facial manifestations
associated with the condition, leading to anxiety and depression [113].

Clinical studies: A case-control study [114] involving 6759 rosacea patients revealed significantly elevated
rates of diabetes mellitus type 1 and CD, particularly among females. Furthermore, a higher prevalence of
CD was noted in rosacea patients compared to control subjects [115]. These findings establish an association
between gluten intolerance (CD) and rosacea, suggesting that implementing a GFD might offer relief for
rosacea patients. This potential connection warrants exploration through trials involving rosacea patients.

Linear IgA Bullous Dermatosis (LABD)

Linear IgA is a rare autoimmune blistering disease, which can sometimes be triggered by medications. It is
characterized by the deposition of linear IgA at the dermo-epidermal junction, occurring in both the
epidermis and mucous membranes such as the oral and vaginal mucosa, as well as the conjunctivae. This
condition can affect individuals of all ages, including both adults and children. In children, it is referred to as
chronic bullous dermatosis of childhood, and its causes and symptoms are similar to those of bullous
pemphigoid and dermatitis herpetiformis. Notably, over 50% of drug-induced cases in adults are attributed
to vancomycin [116].

Clinical presentation: While children commonly experience lesions on the face and perineum, the disease
can manifest on any part of the body, including the extremities, abdomen, feet, and scalp. In adults, the
trunk is often affected, with the head, face, and limbs also susceptible. These lesions typically present as a
skin eruption that can cause discomfort. Mucosal involvement is observed in both age groups, though milia
are rare [117]. Several HLAs, including HLA-B8, HLA-DR3, HLA-DQ2, and HLA-cw7, have been associated
with the incidence of this condition [118].

Pathophysiology: Distinguishing linear LABD from dermatitis herpetiformis involves the presence of IgA
anti-basement membrane antibodies in the bloodstream. These antibodies bind to the 97-kD protein of
BPAG2 (bullous pemphigoid antigen 2), which is expressed in the lamina lucida of human skin [119].

Clinical studies: GFDs have shown efficacy in managing skin blisters and enteritis associated with dermatitis
herpetiformis. However, minor mucosal intestinal abnormalities are less commonly linked to linear IgA
disorders. Interestingly, blisters do not consistently improve with gluten restriction. A study involving a
patient diagnosed with linear LABD and enteritis investigated the potential relationship between the two
conditions. Through continuous monitoring and analysis of jejunal and skin biopsy samples, it was observed
that a GFD led to the resolution of both jejunal anomalies and skin lesions. Reintroduction of gluten resulted
in the reappearance of these issues. This study suggests that gluten restriction could alleviate the symptoms
of linear LABD when underlying gluten-sensitive enteritis is present [120].

Treatment: Since its recognition in the 1970s, significant progress has been made in treating linear LABD.
Oral dapsone remains the preferred medication, demonstrating remarkable effectiveness by clearing visible
lesions within two to three days. Dapsone is often administered at low doses to effectively prevent infection.
Close monitoring is crucial to detect signs of hypersensitivity reactions, neutropenia, liver disease,
peripheral nerve damage, and kidney issues in individuals using dapsone. In some cases, initial control of
the condition may require additional administration of oral corticosteroids [121]. Antibiotics such as
tetracycline, dicloxacillin, and trimethoprim-sulfamethoxazole have shown potential in managing
symptoms, even though the exact infectious source of the disease remains unidentified. In cases of
vancomycin-induced LABD, discontinuing vancomycin and substituting it with an alternative antibiotic,
such as doxycycline, can enhance treatment, providing comparable microbiological coverage. Additionally,
adjunctive treatment involving daily intake of 15 mg of nicotinamide has demonstrated promise [122].

Dermatitis Herpetiformis

Dermatitis herpetiformis is an immune-mediated skin disorder that manifests as a pruritic papulovesicular
rash on extensor surfaces of the body and has a strong association with gluten sensitivity. It is also linked to
CD. DH has the presence of deposits of IgA in the papillary dermis, which are granular in appearance [123]. 

Pathophysiology: Both of these conditions occur in individuals who are gluten-sensitive and share the same
human leukocyte antigen types, DQ8 and DQ2. Many of these patients exhibit small bowel alterations,
including villous atrophy and increased intraepithelial lymphocytes. Autoantibodies against tissue
transglutaminase (tTG) are also commonly found [124]. Diagnosis is often aided by DIF. Serologically, anti-
epidermal transglutaminase (TG3) antibodies are crucial for diagnosis, while anti-tissue transglutaminase
(TG2) antibodies can serve for both diagnosis and disease monitoring [125]. DH and CD are both gluten-
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dependent enteropathies, sharing antibodies against tissue transglutaminase. While the autoantigen in the
stomach is tissue transglutaminase, the IgA immune response in DH targets epidermal transglutaminase. A
pivotal diagnostic feature of DH is the presence of granular IgA deposition in the papillary dermis [126].

Symptoms: In patients with gluten-sensitive enteropathy, DH manifests as erythematous, excoriated
papules that are intensely pruritic, primarily affecting the elbows, buttocks, and knees, and vesicles are
infrequent [127]. 

Clinical studies: A prospective study was conducted on 514 patients with dermatitis herpetiformis in 1970.
The analysis included all DH patients diagnosed with CD for a minimum of two years. Additionally, 20
patients (4%) had CD before developing DH. The average time for diagnosing both dermatitis herpetiformis
and CD was 9.5 years. Prior to DH diagnosis, four patients were on a gluten-containing diet, 10 experienced
lapses in GFD adherence, and six strictly adhered to a GFD. Among 19 patients, seven displayed celiac
autoantibodies, with five out of the seven exhibiting partial villous atrophy on small intestinal biopsy. The
rash was effectively managed with a strict GFD post-DH diagnosis [128]. In a seminar by Rodrigues et al. on
CD, it was reported that 90% of patients with dermatitis herpetiformis had an association with gluten-
sensitive enteropathy, as observed through endoscopy [129].

Treatment: DH is typically treated with a combination therapy of a GFD and dapsone. Dapsone primarily
acts as an anti-inflammatory agent, downregulating neutrophil chemotaxis and reducing the release of
prostaglandins and leukotrienes, thus preventing tissue damage. While a GFD can aid in managing both
cutaneous and intestinal symptoms, medications such as dapsone and sulfones are effective in addressing
skin manifestations only [130].

Conclusions
Gluten intolerance is characterized by a large variety of clinical presentations with both intestinal and
extraintestinal presentations. The relationship between gluten intolerance and dermatitis herpetiformis has
been studied in detail, but there is a lack of data on other dermatological conditions such as psoriasis,
alopecia, urticaria, etc. In our review, we mainly focused on the various dermatological conditions and tried
to identify the relationship and potential mechanism between these skin conditions and gluten intolerance.
Screening for CD and gluten sensitivity should be encouraged in patients presenting with dermatological
conditions of unknown etiology. An appropriate evaluation of various dermatological conditions could
unfold the underlying cutaneous-gastrointestinal connection and ensure that important gastrointestinal
disease in patients with skin manifestations is not ignored. Strict adherence to a GFD is the treatment for
these dermatological conditions, and this has been well-documented in the literature. With our review, we
hope to shed more light on the cutaneous-gastrointestinal connection and to encourage further
investigations and develop guidelines for the management of skin manifestations in gluten intolerance.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
VV contributed substantially to the conception of the work, drafted it for intellectual content, approved the
final version, and agreed to be accountable for the accuracy and integrity of the work. PM designed the work,
critically reviewed it, approved the final version, and ensured accountability. SH played a key role in data
acquisition, drafting, approval of the final version, and accountability. AH analyzed data, critically reviewed
the work, approved the final version, and ensured accountability. JA interpreted the data, drafted the work,
approved the final version, and maintained accountability. ANB was involved in the conception and design,
critical review, final approval, and accountability. SKS contributed to the data acquisition, analysis, or
interpretation, drafting, final approval, and accountability. MZ contributed to the conception or design,
critical review, and final approval and ensured that questions related to accuracy or integrity were resolved.
SS, RS, and MM played substantial roles in data acquisition, data analysis, and data interpretation,
respectively, in addition to drafting, final approval, and accountability. These contributions align with the
ICMJE recommendations, and each author has met all four criteria.

References
1. Verdelli A, Corrà A, Mariotti EB, et al.: Skin gluten-related disorders: new and old cutaneous manifestations

to be considered. Front Med (Lausanne). 2023, 10:1155288. 10.3389/fmed.2023.1155288
2. Green PH, Jabri B: Coeliac disease. The Lancet. 2003, 362:383-91. 10.1016/S0140-6736(03)14027-5

2023 Vats et al. Cureus 15(9): e44549. DOI 10.7759/cureus.44549 9 of 13

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.3389/fmed.2023.1155288?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fmed.2023.1155288?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(03)14027-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(03)14027-5?utm_medium=email&utm_source=transaction


3. Abenavoli L, Proietti I, Leggio L, et al.: Cutaneous manifestations in celiac disease . World J Gastroenterol.
2006, 12:843-52.

4. Elli L, Bergamini CM, Bardella MT, Schuppan D: Transglutaminases in inflammation and fibrosis of the
gastrointestinal tract and the liver. Dig Liver Dis. 2009, 41:8. 10.1016/j.dld.2008.12.095

5. Caproni M, Bonciolini V, D'Errico A, Antiga E, Fabbri P: Celiac disease and dermatologic manifestations:
many skin clue to unfold gluten-sensitive enteropathy. Gastroenterol Res Pract. 2012, 2012:952753.
10.1155/2012/952753

6. Elli L, Bonura A, Garavaglia D, et al.: Immunological comorbity in coeliac disease: associations, risk factors
and clinical implications. J Clin Immunol. 2012, 32:984-90. 10.1007/s10875-012-9693-0

7. Humbert P, Pelletier F, Dreno B, Puzenat E, Aubin F: Gluten intolerance and skin diseases. Eur J Dermatol.
2006, 16:4-11.

8. Bonciolini V, Bianchi B, Del Bianco E, Verdelli A, Caproni M: Cutaneous manifestations of non-celiac gluten
sensitivity: clinical histological and immunopathological features. Nutrients. 2015, 42:7798-805.
10.3390/nu7095368

9. Losurdo G, Principi M, Iannone A, Amoruso A, Ierardi E, Di Leo A, Barone Mdoi:10.3748/wjg.v24.i14.1521:
Extra-intestinal manifestations of non-celiac gluten sensitivity: an expanding paradigm . World J
Gastroenterol. 2018, 24:1521-153. 10.3748/wjg.v24.i14.1521

10. Kemppainen E, Salmi T, Lindfors K: Missing insight into T and B cell responses in dermatitis herpetiformis .
Front Immunol. 2021, 12:657280. 10.3389/fimmu.2021.657280

11. Bolotin D, Petronic-Rosic V: Dermatitis herpetiformis. Part II. Diagnosis, management, and prognosis . J Am
Acad Dermatol. 2011, 64:1027-33; quiz 1033-4. 10.1016/j.jaad.2010.09.776

12. Griffiths CEM, Armstrong AW, Gudjonsson JE, Barker JNWN: Psoriasis. Lancet. 2021, 397:1301-15.
10.1016/S0140-6736(20)32549-6

13. Rendon A, Schäkel K: Psoriasis pathogenesis and treatment. Int J Mol Sci. 2019, 20:1475.
10.3390/ijms20061475

14. Bilac C, Ermertcan AT, Bilac DB, Deveci A, Horasan GD: The relationship between symptoms and patient
characteristics among psoriasis patients. Indian J Dermatol Venereol Leprol. 2009, 75:551.

15. Ford AR, Siegel M, Bagel J, et al.: Dietary recommendations for adults with psoriasis or psoriatic arthritis
from the Medical Board of the National Psoriasis Foundation: a systematic review. JAMA Dermatol. 2018,
154:934-50. 10.1001/jamadermatol.2018.1412

16. Kolchak NA, Tetarnikova MK, Theodoropoulou MS, Michalopoulou AP, Theodoropoulos DS: Prevalence of
antigliadin IgA antibodies in psoriasis vulgaris and response of seropositive patients to a gluten-free diet. J
Multidiscip Healthc. 2018, 11:13-9. 10.2147/JMDH.S122256

17. Michaëlsson G, Gerdén B, Hagforsen E, et al.: Psoriasis patients with antibodies to gliadin can be improved
by a gluten-free diet. Br J Dermatol. 2000, 142:44-51. 10.1046/j.1365-2133.2000.03240.x

18. Michaëlsson G, Kristjánsson G, Pihl Lundin I, Hagforsen E: Palmoplantar pustulosis and gluten sensitivity: a
study of serum antibodies against gliadin and tissue transglutaminase, the duodenal mucosa and effects of
gluten-free diet. Br J Dermatol. 2007, 156:659-66. 10.1111/j.1365-2133.2006.07725.x

19. Michaëlsson G, Ahs S, Hammarström I, Lundin IP, Hagforsen E: Gluten-free diet in psoriasis patients with
antibodies to gliadin results in decreased expression of tissue transglutaminase and fewer Ki67+ cells in the
dermis. Acta Derm Venereol. 2003, 83:425-9. 10.1080/00015550310015022

20. Freitas E, Rodrigues MA, Torres T: Diagnosis, screening and treatment of patients with palmoplantar
pustulosis (PPP): a review of current practices and recommendations. Clin Cosmet Investig Dermatol. 2020,
13:561-78. 10.2147/CCID.S240607

21. Passali M, Josefsen K, Frederiksen JL, Antvorskov JC: Current evidence on the efficacy of gluten-free diets in
multiple sclerosis, psoriasis, type 1 diabetes and autoimmune thyroid diseases. Nutrients. 2020, 12:2316.
10.3390/nu12082316

22. Bijelić B, Matić IZ, Besu I, Janković L, Juranić Z, Marušić S, Andrejević S: Celiac disease-specific and
inflammatory bowel disease-related antibodies in patients with recurrent aphthous stomatitis.
Immunobiology. 2019, 224:75-9. 10.1016/j.imbio.2018.10.006

23. Akintoye SO, Greenberg MS: Recurrent aphthous stomatitis. Dent Clin North Am. 2014, 58:281-97.
10.1016/j.cden.2013.12.002

24. Ship II: Socioeconomic status and recurrent aphthous ulcers . J Am Dent Assoc. 1966, 73:120-3.
10.14219/jada.archive.1966.0202

25. Gasmi Benahmed A, Noor S, Menzel A, Gasmi A: Oral aphthous: pathophysiology, clinical aspects and
medical treatment. Arch Razi Inst. 2021, 76:1155-63. 10.22092/ari.2021.356055.1767

26. Albrektson M, Hedström L, Bergh H: Recurrent aphthous stomatitis and pain management with low-level
laser therapy: a randomized controlled trial. Oral Surg Oral Med Oral Pathol Oral Radiol. 2014, 117:590-4.
10.1016/j.oooo.2014.01.228

27. Shakeri R, Zamani F, Sotoudehmanesh R, et al.: Gluten sensitivity enteropathy in patients with recurrent
aphthous stomatitis. BMC Gastroenterol. 2009, 9:44. 10.1186/1471-230X-9-44

28. Ferguson R, Basu MK, Asquith P, Cooke WT: Jejunal mucosal abnormalities in patients with recurrent
aphthous ulceration. Br Med J. 1976, 1:11-3. 10.1136/bmj.1.6000.11

29. Wray D: Gluten-sensitive recurrent aphthous stomatitis. Dig Dis Sci. 1981, 26:737-40. 10.1007/BF01316864
30. Nieri M, Tofani E, Defraia E, Giuntini V, Franchi L: Enamel defects and aphthous stomatitis in celiac and

healthy subjects: systematic review and meta-analysis of controlled studies. J Dent. 2017, 65:1-10.
10.1016/j.jdent.2017.07.001

31. Ferguson MM, Wray D, Carmichael HA, Russell RI, Lee FD: Coeliac disease associated with recurrent
aphthae. Gut. 1980, 21:223-6. 10.1136/gut.21.3.223

32. Altenburg A, El-Haj N, Micheli C, Puttkammer M, Abdel-Naser MB, Zouboulis CC: The treatment of chronic
recurrent oral aphthous ulcers. Dtsch Arztebl Int. 2014, 111:665-73. 10.3238/arztebl.2014.0665

33. Holdstock DJ, Oleesky S: Vasculitis in coeliac diseases. Br Med J. 1970, 4:369. 10.1136/bmj.4.5731.369-a
34. Jones FA: The skin: a mirror of the gut . Geriatrics. 1973, 28:75-81. 10.7326/0003-4819-126-12-199706150-

00009

2023 Vats et al. Cureus 15(9): e44549. DOI 10.7759/cureus.44549 10 of 13

https://pubmed.ncbi.nlm.nih.gov/16521210/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.dld.2008.12.095 ?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.dld.2008.12.095 ?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2012/952753?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2012/952753?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s10875-012-9693-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s10875-012-9693-0?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/16436335/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu7095368?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu7095368?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3748/wjg.v24.i14.1521?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3748/wjg.v24.i14.1521?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fimmu.2021.657280?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fimmu.2021.657280?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jaad.2010.09.776?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jaad.2010.09.776?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(20)32549-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(20)32549-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijms20061475?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijms20061475?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/19736461/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jamadermatol.2018.1412?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jamadermatol.2018.1412?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/JMDH.S122256?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/JMDH.S122256?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1046/j.1365-2133.2000.03240.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1046/j.1365-2133.2000.03240.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2133.2006.07725.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2133.2006.07725.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/00015550310015022?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/00015550310015022?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/CCID.S240607?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/CCID.S240607?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu12082316?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu12082316?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.imbio.2018.10.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.imbio.2018.10.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.cden.2013.12.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.cden.2013.12.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.14219/jada.archive.1966.0202?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.14219/jada.archive.1966.0202?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.22092/ari.2021.356055.1767?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.22092/ari.2021.356055.1767?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.oooo.2014.01.228?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.oooo.2014.01.228?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/1471-230X-9-44?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/1471-230X-9-44?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.1.6000.11?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.1.6000.11?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/BF01316864?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/BF01316864?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jdent.2017.07.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jdent.2017.07.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/gut.21.3.223?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/gut.21.3.223?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3238/arztebl.2014.0665?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3238/arztebl.2014.0665?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.4.5731.369-a?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.4.5731.369-a?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7326/0003-4819-126-12-199706150-00009?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7326/0003-4819-126-12-199706150-00009?utm_medium=email&utm_source=transaction


35. Similä S, Kokkonen J, Kallioinen M: Cutaneous vasculitis as a manifestation of coeliac disease . Acta Paediatr
Scand. 1982, 71:1051-4. 10.1111/j.1651-2227.1982.tb09575.x

36. Meyers S, Dikman S, Spiera H, Schultz N, Janowitz HD: Cutaneous vasculitis complicating coeliac disease .
Gut. 1981, 22:61-4. 10.1136/gut.22.1.61

37. Alegre V, Winkelmann R, Diez-Martin J, Banks PM: Adult celiac disease, small and medium vessel cutaneous
necrotizing vasculitis, and T cell lymphoma. J Am Acad Dermatol. 1988, 19:973-8. 10.1016/S0190-
9622(88)70262-5

38. Caproni M, Verdelli A: An update on the nomenclature for cutaneous vasculitis . Curr Opin Rheumatol. 2019,
31:46-52. 10.1097/BOR.0000000000000563

39. Shavit E, Alavi A, Sibbald RG: Vasculitis-what do we have to know? A review of literature . Int J Low Extrem
Wounds. 2018, 17:218-26. 10.1177/1534734618804982

40. Shinkai K, Fox L: Cutaneous vasculitis. Dermatology 3rd Ed. Bolognia JL, Jorizzo JL, Schaffer JV (ed): Elsevier
Saunders, Philadelphia; 2012.

41. Ferri C, Mascia MT: Cryoglobulinemic vasculitis. Curr Opin Rheumatol. 2006, 18:54-63.
10.1097/01.bor.0000198002.42826.c2

42. Menzies I, Pounder R, Heyer S, Laker MF, Bull J, Wheeler PG, Creamer B: Abnormal intestinal permeability
to sugars in villous atrophy. The Lancet. 1979, 314:1107-9. 10.1016/S0140-6736(79)92507-8

43. Scott BB, Losowsky MS: Coeliac disease: a cause of various associated diseases . The Lancet. 1975, 306:956-7.
10.1016/s0140-6736(75)90365-7

44. Marsh GW, Stewart JS: Splenic function in adult coeliac disease . Br J Haematol. 1970, 19:445-57.
10.1111/j.1365-2141.1970.tb06972.x

45. Pulido-Pérez A, Avilés-Izquierdo JA, Suárez-Fernández R: [Cutaneous vasculitis]. Actas Dermosifiliogr.
2012, 103:179-91. 10.1016/j.ad.2011.06.001

46. Chen KR, Carlson JA: Clinical approach to cutaneous vasculitis. Am J Clin Dermatol. 2008, 9:71-92.
10.2165/00128071-200809020-00001

47. Booth CC: The enterocyte in coeliac disease . Br Med J. 1970, 4:14-7. 10.1136/bmj.4.5726.14
48. Darwin E, Hirt PA, Fertig R, Doliner B, Delcanto G, Jimenez JJ: Alopecia areata: Review of epidemiology,

clinical features, pathogenesis, and new treatment options. Int J Trichology. 2018, 10:51-60.
10.4103/ijt.ijt_99_17

49. Rodrigo L, Beteta-Gorriti V, Alvarez N, Gómez de Castro C, de Dios A, Palacios L, Santos-Juanes J:
Cutaneous and mucosal manifestations associated with celiac disease . Nutrients. 2018, 10:800.
10.3390/nu10070800

50. Strazzulla LC, Wang EH, Avila L, Lo Sicco K, Brinster N, Christiano AM, Shapiro J: Alopecia areata: disease
characteristics, clinical evaluation, and new perspectives on pathogenesis. J Am Acad Dermatol. 2018, 78:1-
12. 10.1016/j.jaad.2017.04.1141

51. Ertekin V, Tosun MS, Erdem T: Screening of celiac disease in children with alopecia areata . Indian J
Dermatol. 2014, 59:317. 10.4103/0019-5154.131468

52. Corazza GR, Andreani ML, Venturo N, Bernardi M, Tosti A, Gasbarrini G: Celiac disease and alopecia areata:
report of a new association. Gastroenterology. 1995, 109:1333-7. 10.1016/0016-5085(95)90597-9

53. Mascart-Lemone F, Lambrechts A: Serology of coeliac disease: early diagnosis and therapeutic impact . Acta
Gastroenterol Belg. 1995, 58:388-96.

54. Hallaji Z, Akhyani M, Ehsani AH, Noormohammadpour P, Gholamali F, Bagheri M, Jahromi J: Prevalence of
anti-gliadin antibody in patients with alopecia areata: a case-control study. Tehran-Univ-Med-J. 20111,
68:738-42.

55. Collin P, Reunala T: Recognition and management of the cutaneous manifestations of celiac disease: a
guide for dermatologists. Am J Clin Dermatol. 2003, 4:13-20. 10.2165/00128071-200304010-00002

56. Mokhtari F, Panjehpour T, Naeini FF, Hosseini SM, Nilforoushzadeh MA, Matin M: The frequency
distribution of celiac autoantibodies in alopecia areata. Int J Prev Med. 2016, 7:109. 10.4103/2008-
7802.190607

57. Muddasani S, Rusk AM, Baquerizo Nole KL: Gluten and skin disease beyond dermatitis herpetiformis: a
review. Int J Dermatol. 2021, 60:281-8. 10.1111/ijd.15098

58. Naveh Y, Rosenthal E, Ben-Arieh Y, Etzioni A: Celiac disease-associated alopecia in childhood . J Pediatr.
1999, 134:362-4. 10.1016/S0022-3476(99)70466-X

59. Volc-Platzer B: [Dermatomyositis-update]. Hautarzt. 2015, 66:604-10. 10.1007/s00105-015-3659-0
60. Selva-O'Callaghan A, Casellas F, de Torres I, Palou E, Grau-Junyent JM, Vilardell-Tarrés M: Celiac disease

and antibodies associated with celiac disease in patients with inflammatory myopathy. Muscle Nerve. 2007,
35:49-54. 10.1002/mus.20652

61. Song MS, Farber D, Bitton A, Jass J, Singer M, Karpati G: Dermatomyositis associated with celiac disease:
response to a gluten-free diet. Can J Gastroenterol. 2006, 20:433-5. 10.1155/2006/574074

62. Chu LL, Rohekar G: Dermatomyositis. CMAJ. 2019, 191:E340. 10.1503/cmaj.180947
63. Zhou W, Wu H, Zhao M, Lu Q: New insights into the progression from cutaneous lupus to systemic lupus

erythematosus. Expert Rev Clin Immunol. 2020, 16:829-37. 10.1080/1744666X.2020.1805316
64. Stull C, Sprow G, Werth VP: Cutaneous involvement in systemic lupus erythematosus: a review for the

rheumatologist. J Rheumatol. 2023, 50:27-35. 10.3899/jrheum.220089
65. Cojocaru M, Cojocaru IM, Silosi I, Vrabie CM: Manifestations of systemic lupus erythematosus . Maedica

(Bucur). 2011, 6:330-6.
66. Freeman HJ: Adult celiac disease followed by onset of systemic lupus erythematosus . J Clin Gastroenterol.

2008, 42:252-5. 10.1097/MCG.0b013e31802e70a1
67. Rensch MJ, Szyjkowski R, Shaffer RT, et al.: The prevalence of celiac disease autoantibodies in patients with

systemic lupus erythematosus. Am J Gastroenterol. 2001, 96:1113-5. 10.1111/j.1572-0241.2001.03753.x
68. Ludvigsson JF, Rubio-Tapia A, Chowdhary V, Murray JA, Simard JF: Increased risk of systemic lupus

erythematosus in 29,000 patients with biopsy-verified celiac disease. J Rheumatol. 2012, 39:1964-70.
10.3899/jrheum.120493

69. Mosca M, Tani C, Vagnani S, Carli L, Bombardieri S: The diagnosis and classification of undifferentiated

2023 Vats et al. Cureus 15(9): e44549. DOI 10.7759/cureus.44549 11 of 13

https://dx.doi.org/10.1111/j.1651-2227.1982.tb09575.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1651-2227.1982.tb09575.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/gut.22.1.61?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/gut.22.1.61?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0190-9622(88)70262-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0190-9622(88)70262-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/BOR.0000000000000563?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/BOR.0000000000000563?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1534734618804982?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1534734618804982?utm_medium=email&utm_source=transaction
https://www.worldcat.org/title/Dermatology/oclc/751834750?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.bor.0000198002.42826.c2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.bor.0000198002.42826.c2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(79)92507-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(79)92507-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0140-6736(75)90365-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0140-6736(75)90365-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2141.1970.tb06972.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2141.1970.tb06972.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ad.2011.06.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ad.2011.06.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2165/00128071-200809020-00001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2165/00128071-200809020-00001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.4.5726.14?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.4.5726.14?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/ijt.ijt_99_17?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/ijt.ijt_99_17?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu10070800?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu10070800?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jaad.2017.04.1141?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jaad.2017.04.1141?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/0019-5154.131468?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/0019-5154.131468?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/0016-5085(95)90597-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/0016-5085(95)90597-9?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/8775995/?utm_medium=email&utm_source=transaction
http://tumj.tums.ac.ir/article-1-286-en.html?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2165/00128071-200304010-00002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2165/00128071-200304010-00002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/2008-7802.190607?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/2008-7802.190607?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/ijd.15098?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/ijd.15098?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0022-3476(99)70466-X?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0022-3476(99)70466-X?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00105-015-3659-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00105-015-3659-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/mus.20652?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/mus.20652?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2006/574074?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2006/574074?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1503/cmaj.180947?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1503/cmaj.180947?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/1744666X.2020.1805316?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/1744666X.2020.1805316?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3899/jrheum.220089?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3899/jrheum.220089?utm_medium=email&utm_source=transaction
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3391953/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MCG.0b013e31802e70a1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MCG.0b013e31802e70a1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1572-0241.2001.03753.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1572-0241.2001.03753.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3899/jrheum.120493?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3899/jrheum.120493?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jaut.2014.01.019?utm_medium=email&utm_source=transaction


connective tissue diseases. J Autoimmun. 2014, 48-49:50-2. 10.1016/j.jaut.2014.01.019
70. Szodoray P, Nakken B, Barath S, et al.: Progressive divergent shifts in natural and induced T-regulatory cells

signify the transition from undifferentiated to definitive connective tissue disease. Int Immunol. 2008,
20:971-9. 10.1093/intimm/dxn056

71. Danieli MG, Fraticelli P, Franceschini F, et al.: Five-year follow-up of 165 Italian patients with
undifferentiated connective tissue diseases. Clin Exp Rheumatol. 1999, 17:585-91.

72. Conti V, Leone MC, Casato M, Nicoli M, Granata G, Carlesimo M: High prevalence of gluten sensitivity in a
cohort of patients with undifferentiated connective tissue disease. Eur Ann Allergy Clin Immunol. 2015,
47:54-7.

73. Rosato E, De Nitto D, Rossi C, et al.: High incidence of celiac disease in patients with systemic sclerosis . J
Rheumatol. 2009, 36:965-9. 10.3899/jrheum.081000

74. Nisihara R, Utiyama SR, Azevedo PM, Skare TL: Celiac disease screening in patients with scleroderma . Arq
Gastroenterol. 2011, 48:163-4. 10.1590/s0004-28032011000200014

75. Deacock SJ: An approach to the patient with urticaria . Clin Exp Immunol. 2008, 153:151-61. 10.1111/j.1365-
2249.2008.03693.x

76. Lebwohl B, Ludvigsson JF, Green PHR: Celiac disease and non-celiac gluten sensitivity . BMJ. 2015,
351:h4347. 10.1136/bmj.h4347

77. Bracken SJ, Abraham S, MacLeod AS: Autoimmune theories of chronic spontaneous urticaria . Front
Immunol. 2019, 10:627. 10.3389/fimmu.2019.00627

78. Hautekeete M, DeClerck L, Stevens W: Chronic urticaria associated with coeliac disease . Lancet. 1987,
17:157. 10.1016/s0140-6736(87)91986-6

79. Kolkhir P, Borzova E, Grattan C, Asero R, Pogorelov D, Maurer M: Autoimmune comorbidity in chronic
spontaneous urticaria: a systematic review. Autoimmun Rev. 2017, 16:1196-208.
10.1016/j.autrev.2017.10.003

80. Pedrosa Delgado M, Martín Muñoz F, Polanco Allué I, Martín Esteban M: Cold urticaria and celiac disease . J
Investig Allergol Clin Immunol. 2008, 18:123-5.

81. Tsakok T, Woolf R, Smith CH, Weidinger S, Flohr C: Atopic dermatitis: the skin barrier and beyond . Br J
Dermatol. 2019, 180:464-74. 10.1111/bjd.16934

82. Vakharia PP, Chopra R, Sacotte R, et al.: Burden of skin pain in atopic dermatitis . Ann Allergy Asthma
Immunol. 2017, 119:548-52. 10.1016/j.anai.2017.09.076

83. Ress K, Annus T, Putnik U, Luts K, Uibo R, Uibo O: Celiac disease in children with atopic dermatitis . Pediatr
Dermatol. 2014, 31:483-8. 10.1111/pde.12372

84. Nosrati A, Afifi L, Danesh MJ, et al.: Dietary modifications in atopic dermatitis: patient-reported outcomes. J
Dermatolog Treat. 2017, 28:523-38. 10.1080/09546634.2016.1278071

85. Sur M, Aldea A, Dascal L, Duca E, Silaghi C, Sur L, Aldea C: The link between the clinical features of atopic
dermatitis and gluten-related disorders. Int J Celiac Dis. 2019, 7:31-2.

86. Ciacci C, Cavallaro R, Iovino P, et al.: Allergy prevalence in adult celiac disease . J Allergy Clin Immunol.
2004, 113:1199-203. 10.1016/j.jaci.2004.03.012

87. Shalom G, Kridin K, Raviv KO, et al.: Atopic dermatitis and celiac disease: a cross-sectional study of 116,816
patients. Am J Clin Dermatol. 2020, 21:133-8. 10.1007/s40257-019-00474-2

88. Dunaevsky YE, Tereshchenkova VF, Belozersky MA, Filippova IY, Oppert B, Elpidina EN: Effective
degradation of gluten and its fragments by gluten-specific peptidases: a review on application for the
treatment of patients with gluten sensitivity. Pharmaceutics. 2021, 13:1603.
10.3390/pharmaceutics13101603

89. Caballero T: Treatment of hereditary angioedema . J Investig Allergol Clin Immunol. 2021, 31:1-16.
10.18176/jiaci.0653

90. Brickman CM, Tsokos GC, Balow JE, Lawley TJ, Santaella M, Hammer CH, Frank MM: Immunoregulatory
disorders associated with hereditary angioedema. I. Clinical manifestations of autoimmune disease. J Allergy
Clin Immunol. 1986, 77:749-57. 10.1016/0091-6749(86)90424-0

91. Zafra H: Hereditary angioedema: a review. WMJ. 2022, 121:48-53.
92. Farkas H, Visy B, Fekete B, et al.: Association of celiac disease and hereditary angioneurotic edema . Am J

Gastroenterol. 2002, 97(10):2682-3.
93. Csuka D, Kelemen Z, Czaller I, et al.: Association of celiac disease and hereditary angioedema due to C1-

inhibitor deficiency. Screening patients with hereditary angioedema for celiac disease: is it worth the
effort?. Eur J Gastroenterol Hepatol. 2011, 23:238-44. 10.1097/MEG.0b013e328343d3b2

94. Spritz RA: The genetics of generalized vitiligo and associated autoimmune diseases . J Dermatol Sci. 2006,
41:3-10. 10.1016/j.jdermsci.2005.10.001

95. Passeron T, Ortonne JP: Physiopathology and genetics of vitiligo . J Autoimmun. 2005, 25:63-8.
10.1016/j.jaut.2005.10.001

96. Barona MI, Arrunátegui A, Falabella R, Alzate A: An epidemiologic case control study in a population with
vitiligo. J Am Acad Dermatol. 1995, 33(4):621-25. 10.1016/0190-9622(95)91282-7

97. Kovacs SO: Vitiligo. J Am Acad Dermatol. 1998, 38:647-68. 10.1016/s0190-9622(98)70194-x
98. Zauli D, Tosti A, Biasco G, et al.: Prevalence of autoimmune atrophic gastritis in vitiligo . Digestion. 1986,

34:169-72. 10.1159/000199325
99. Frati R, Frati C, Sassano PP, Antonaci A: Vitiligo, autoimmune thyroiditis: a rare thyroid cancer arising with

bone metastates on maxillofacial area. J Exp Clin Cancer Res. 1999, 18:85-7.
100. Hegedüs L, Heidenheim M, Gervil M, Hjalgrim H, Høier-Madsen M: High frequency of thyroid dysfunction in

patients with vitiligo. Acta Derm Venereol. 1994, 74:120-3.
101. Rodríguez-García C, González-Hernández S, Pérez-Robayna N, Guimerá F, Fagundo E, Sánchez R:

Repigmentation of vitiligo lesions in a child with celiac disease after a gluten-free diet . Pediatr Dermatol.
2011, 28:209-10. 10.1111/j.1525-1470.2011.01388.x

102. Khandalavala BN, Nirmalraj MC: Rapid partial repigmentation of vitiligo in a young female adult with a
gluten-free diet. Case Rep Dermatol. 2014, 6:283-7. 10.1159/000370303

103. Volta U, Bardazzi F, Zauli D, et al.: Serological screening for coeliac disease in vitiligo and alopecia areata .

2023 Vats et al. Cureus 15(9): e44549. DOI 10.7759/cureus.44549 12 of 13

https://dx.doi.org/10.1016/j.jaut.2014.01.019?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/intimm/dxn056?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/intimm/dxn056?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/10544842/?utm_medium=email&utm_source=transaction
http://www.eurannallergyimm.com/cont/journals-articles/360/volume-high-prevalence-gluten-sensitivity-cohort-957allasp1.pdf?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3899/jrheum.081000?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3899/jrheum.081000?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1590/s0004-28032011000200014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1590/s0004-28032011000200014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2249.2008.03693.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2249.2008.03693.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.h4347?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.h4347?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fimmu.2019.00627?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fimmu.2019.00627?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0140-6736(87)91986-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0140-6736(87)91986-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.autrev.2017.10.003?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.autrev.2017.10.003?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/18447142/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/bjd.16934?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/bjd.16934?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.anai.2017.09.076?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.anai.2017.09.076?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/pde.12372?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/pde.12372?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/09546634.2016.1278071?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/09546634.2016.1278071?utm_medium=email&utm_source=transaction
http://pubs.sciepub.com/ijcd/7/1/6/index.html?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jaci.2004.03.012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jaci.2004.03.012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s40257-019-00474-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s40257-019-00474-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/pharmaceutics13101603?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/pharmaceutics13101603?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.18176/jiaci.0653?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.18176/jiaci.0653?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/0091-6749(86)90424-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/0091-6749(86)90424-0?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/35442579/?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/12385467/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MEG.0b013e328343d3b2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MEG.0b013e328343d3b2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jdermsci.2005.10.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jdermsci.2005.10.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jaut.2005.10.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jaut.2005.10.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/0190-9622(95)91282-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/0190-9622(95)91282-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0190-9622(98)70194-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0190-9622(98)70194-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000199325?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000199325?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/10374684/�?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/7911617/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1525-1470.2011.01388.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1525-1470.2011.01388.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000370303?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000370303?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2133.1997.tb03684.x?utm_medium=email&utm_source=transaction


Br J Dermatol. 1997, 136:801-2. 10.1111/j.1365-2133.1997.tb03684.x
104. Shahmoradi Z, Najafian J, Naeini FF, Fahimipour F: Vitiligo and autoantibodies of celiac disease . Int J Prev

Med. 2013, 4:200-3.
105. Gether L, Overgaard LK, Egeberg A, Thyssen JP: Incidence and prevalence of rosacea: a systematic review

and meta-analysis. Br J Dermatol. 2018, 179:282-9. 10.1111/bjd.16481
106. Halder RM, Brooks HL, Callender VD: Acne in ethnic skin . Dermatol Clin. 2003, 21:609-15. 10.1016/s0733-

8635(03)00082-2
107. Powell FC: Rosacea. N Engl J Med. 2005, 352:793-803. 10.1056/NEJMcp042829
108. Berg M, Lidén S: An epidemiological study of rosacea . Acta Derm Venereol. 1989, 69:419-23.
109. McAleer MA, Fitzpatrick P, Powell FC: Papulopustular rosacea: prevalence and relationship to

photodamage. J Am Acad Dermatol. 2010, 63:33-9. 10.1016/j.jaad.2009.04.024
110. Buddenkotte J, Steinhoff M: Recent advances in understanding and managing rosacea . F1000Res. 2018,

7:1885. 10.12688/f1000research.16537.1
111. Kelhälä HL, Palatsi R, Fyhrquist N, et al.: IL-17/Th17 pathway is activated in acne lesions . PLoS One. 2014,

9:e105238. 10.1371/journal.pone.0105238
112. Rainer BM, Kang S, Chien AL: Rosacea: wpidemiology, pathogenesis, and treatment . Dermatoendocrinol.

2017, 9:e1361574. 10.1080/19381980.2017.1361574
113. Heisig M, Reich A: Psychosocial aspects of rosacea with a focus on anxiety and depression . Clin Cosmet

Investig Dermatol. 2018, 11:103-7. 10.2147/CCID.S126850
114. Egeberg A, Hansen PR, Gislason GH, Thyssen JP: Clustering of autoimmune diseases in patients with

rosacea. J Am Acad Dermatol. 2016, 74:667-72.e1. 10.1016/j.jaad.2015.11.004
115. Egeberg A, Weinstock LB, Thyssen EP, Gislason GH, Thyssen JP: Rosacea and gastrointestinal disorders: a

population-based cohort study. Br J Dermatol. 2017, 176:100-6. 10.1111/bjd.14930
116. Smith EP, Zone JJ: Dermatitis herpetiformis and linear IgA bullous dermatosis . Dermatol Clin. 1993, 11:511-

26.
117. Bernett CN, Fong M, Yadlapati S, Rosario-Collazo JA: Linear IGA dermatosis. StatPearls. StatPearls

Publishing, Treasure Island (FL); 2022.
118. Vale EC, Dimatos OC, Porro AM, Santi CG: Consensus on the treatment of autoimmune bullous dermatoses:

dermatitis herpetiformis and linear IgA bullous dermatosis - Brazilian Society of Dermatology. An Bras
Dermatol. 2019, 94:48-55. 10.1590/abd1806-4841.2019940208

119. Kurz K, Mahrle G: [Scarring linear IgA dermatosis in the adult] . Z Hautkr. 1986, 61:1447-55.
120. Egan CA, Smith EP, Taylor TB, Meyer LJ, Samowitz WS, Zone JJ: Linear IgA bullous dermatosis responsive to

a gluten-free diet. Am J Gastroenterol. 2001, 96:1927-9.
121. Khan M, Park L, Skopit S: Management options for linear immunoglobulin A (IgA) bullous dermatosis: a

literature review. Cureus. 2023, 15:e36481. 10.7759/cureus.36481
122. Wiggins CJ, Chon SY: Vancomycin-induced linear IgA bullous dermatosis. Proc (Bayl Univ Med Cent). 2020,

34:83-4. 10.1080/08998280.2020.1809759
123. Natalia P, Jami M: Dermatitis herpetiformis. Skin Therapy Lett. 2013, 18:1-3.
124. Antiga E, Maglie R, Quintarelli L, Verdelli A, Bonciani D, Bonciolini V, Caproni M: Dermatitis herpetiformis:

novel perspectives. Front Immunol. 2019, 10:1290. 10.3389/fimmu.2019.01290
125. Nguyen CN, Kim SJ: Dermatitis herpetiformis: an update on diagnosis, disease monitoring, and

management. Medicina (Kaunas). 2021, 57:843. 10.3390/medicina57080843
126. Reunala T, Salmi TT, Hervonen K: Dermatitis herpetiformis: pathognomonic transglutaminase IgA deposits

in the skin and excellent prognosis on a gluten-free diet. Acta Derm Venereol. 2015, 95:917-22.
10.2340/00015555-2162

127. Juratli HA, Görög A, Sárdy M: [Dermatitis herpetiformis]. Hautarzt. 2019, 70:260-4. 10.1007/s00105-019-
4378-8

128. Salmi TT: Dermatitis herpetiformis. Clin Exp Dermatol. 2019, 44:728-31. 10.1111/ced.13992
129. Rodrigues F, Bachmeyer C: Coeliac disease and dermatitis herpetiformis . Lancet. 2018, 392:916.

10.1016/S0140-6736(18)31503-4
130. Taraghikhah N, Ashtari S, Asri N, et al.: An updated overview of spectrum of gluten-related disorders:

clinical and diagnostic aspects. BMC Gastroenterol. 2020, 20:258. 10.1186/s12876-020-01390-0

2023 Vats et al. Cureus 15(9): e44549. DOI 10.7759/cureus.44549 13 of 13

https://dx.doi.org/10.1111/j.1365-2133.1997.tb03684.x?utm_medium=email&utm_source=transaction
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3604853?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/bjd.16481?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/bjd.16481?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0733-8635(03)00082-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0733-8635(03)00082-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMcp042829?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMcp042829?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/2572109/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jaad.2009.04.024?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jaad.2009.04.024?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.12688/f1000research.16537.1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.12688/f1000research.16537.1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0105238?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0105238?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/19381980.2017.1361574?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/19381980.2017.1361574?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/CCID.S126850?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/CCID.S126850?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jaad.2015.11.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jaad.2015.11.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/bjd.14930?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/bjd.14930?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/8365036/?utm_medium=email&utm_source=transaction
https://www.ncbi.nlm.nih.gov/books/NBK526113/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1590/abd1806-4841.2019940208?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1590/abd1806-4841.2019940208?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/3541412/?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/11419853/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.36481?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.36481?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/08998280.2020.1809759?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/08998280.2020.1809759?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/23674144/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fimmu.2019.01290?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fimmu.2019.01290?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/medicina57080843?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/medicina57080843?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2340/00015555-2162?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2340/00015555-2162?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00105-019-4378-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00105-019-4378-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/ced.13992?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/ced.13992?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(18)31503-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(18)31503-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12876-020-01390-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12876-020-01390-0?utm_medium=email&utm_source=transaction

	Gluten Intolerance and Its Association With Skin Disorders: A Narrative Review
	Abstract
	Introduction And Background
	Review
	Immunopathogenesis of skin conditions with gluten intolerance

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


