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Summary

Vitamin D influences allergen-induced pathways in the innate and adaptive immune system, and 

its potential immunomodulatory role in allergic skin disorders has been explored. This 

comprehensive review article provides an overview of the role of vitamin D in three common 

dermatologic conditions: atopic dermatitis (AD), chronic urticaria, and allergic contact dermatitis 

(ACD). Whereas the literature regarding vitamin D and AD has resulted in mixed findings, several 

studies have described an inverse relationship between vitamin D levels and AD severity, and 

improvement in AD with vitamin D supplementation. Similarly, several studies report an inverse 

relationship between vitamin D levels and severity of chronic urticaria. Although current research 

in humans remains limited, an increased likelihood of ACD has been demonstrated in vitamin D-

deficient mice. Additional well-designed clinical trials will be necessary to determine whether 

vitamin D supplementation should be recommended for prevention or adjuvant treatment of these 

common dermatologic conditions.
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1. Introduction

Vitamin D, which plays a critical role in calcium and phosphate balance, is acquired from 

two major sources. Whereas ultraviolet radiation from sun exposure gives rise to the 

production of cholecalciferol (D3), ergocalciferol (D2) and D3 can be obtained from our diet 

or in supplemental vitamins. Vitamin D2 and D3 are then hydroxylated to 25-

hydroxyvitamin D (25[OH]D) in the liver. Clinically, 25[OH]D is measured in the serum. 
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25[OH]D is then further hydroxylated to the active form 1,25-dihydroxyvitamin D 

(1,25[OH]2D) in the kidney.

Vitamin D deficiency, generally defined as 25[OH]D levels less than 20 ng/mL, is a common 

public health issue, although the optimal amount of vitamin D remains controversial [1]. The 

ability to obtain vitamin D from sun exposure is diminished in the elderly, those with darker 

skin types, and those living at high latitudes [2]. Because vitamin D is a fat-soluble vitamin, 

malabsorption can also contribute to vitamin D deficiency. Not only can vitamin D 

deficiency contribute to rickets or osteomalacia, but it also has been connected to 

cardiovascular disease, diabetes mellitus, multiple sclerosis, infectious diseases, and cancer 

[3].

As shown in Figure 1, vitamin D enhances defense mechanisms against microbes and 

inhibits inflammation in the innate and adaptive immune system [4]. The vitamin D receptor 

(VDR) finds expression in several inflammatory cells, including T cells, B cells, neutrophils, 

macrophages, and dendritic cells [5]. Vitamin D enhances expression of antimicrobial 

peptides (including cathelicidin and β-defensins), enhances skin barrier function, induces 

autophagy in macrophages, and induces natural killer cells via increased cathelicidin [1, 6, 

7]. Vitamin D is also involved in decreasing excessive inflammation by suppressing Toll-like 

receptor production by monocytes, enhancing mast cell production of interleukin-10 (IL-10, 

an anti-inflammatory cytokine), inhibiting dendritic cell activation by lipopolysaccharide 

(LPS), decreasing cytokine secretion from Th1 cells, inducing regulatory T cells, and 

inhibiting B lymphocyte function and immunoglobulin E (IgE) secretion [1]. Because atopic 

dermatitis (AD), chronic urticaria, and allergic contact dermatitis (ACD) all involve immune 

dysregulation, the role of vitamin D has been explored in these three common allergic skin 

disorders.

2. Atopic Dermatitis

2.1 Background

AD, also known as atopic eczema, is a chronic and relapsing skin condition that affects more 

than 20% of children in most developed countries, and continues to increase in prevalence in 

low-income countries [8]. Whereas AD is common in children and adolescents, the 

prevalence in adults ranges from 1% to 3% [9]. AD involves a pruritic and erythematous 

rash that can occur anywhere, but commonly affects the face and extensor surfaces of 

infants, and the flexural areas in children. Those with AD can also develop other atopic 

disorders, such as food allergies, allergic rhinitis, and asthma [10].

The pathogenesis of AD is complex and multifactorial, involving abnormalities in cells of 

the immune system and the skin barrier. An imbalance between Th1 and Th2 cells exists. 

Whereas Th2 cells and associated interleukins, including IL-4, IL-5, and IL-13, play a role 

in the acute phase of AD, Th1 cells and associated cytokines, including interferon gamma 

(IFN-γ), granulocyte macrophage colony-stimulating factor (GM-CSF), IL-5 and IL-12, are 

predominant in the chronic phase [11]. AD also occurs because of deficiencies in the 

epidermal skin barrier. Patients with AD are more likely to acquire staphylococcal or viral 

infections of the skin due to three major factors: a compromised physical barrier of the 
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epidermis, defects in pattern recognition receptors, and diminished production of 

antimicrobial peptides (AMPs) during inflammation [12].

2.2 Vitamin D levels and the severity of atopic dermatitis

(a) Inverse relationship between high vitamin D levels and atopic dermatitis—
Despite conflicting results (Table 1), the majority of studies suggest that vitamin D is 

protective against AD. In one study, obese individuals with vitamin D deficiency, (serum 

25[OH]D level < 25 nmol/L), were 5 times more likely to report AD than counterparts who 

were vitamin D replete (serum 25[OH]D level ≥ 75 nmol/L) [13]. Similarly, a cross-

sectional study involving 15,212 adults in Korea found that mean serum 25[OH]D levels 

were significantly lower in AD participants compared to those without AD [14]. In this 

study, odds ratios of AD were significantly higher in those with inadequate or deficient 

vitamin D levels.

AD severity has also been studied in regards to vitamin D. For example, an index for 

determining the severity of atopic dermatitis called SCORing Atopic Dermatitis (SCORAD) 

has been utilized in several studies. Peroni et al. [15] found that serum levels of 25[OH]D 

were significantly higher in children with mild AD compared to those with moderate or 

severe disease, based on SCORAD. Moreover, the number of children with specific IgE 

(sIgE) to Staphylococcus aureus enterotoxins and to Malassezia furfur was positively 

correlated with the severity of AD and the degree of vitamin D deficiency.

Similarly, a Korean study utilizing SCORAD demonstrated that mean serum levels of 

25[OH]D were significantly lower in 91 children with AD compared to 32 healthy controls 

[16]. Furthermore, children with moderate and severe AD had significantly less serum 

25[OH]D level than children with mild AD. Levels of serum IL-31, which is related to 

pruritus in AD, were not related to AD group, SCORAD index, or 25[OH]D levels.

In 226 infants with AD or food allergy, low levels of 25[OH]D were associated with a higher 

SCORAD index as well as an increased risk of food allergen sensitization [17]. Another 

study involving 498 children with AD in China also showed that compared to 328 healthy 

controls, levels of 25[OH]D were significantly lower in children with AD, and vitamin D 

deficiency was associated with elevated levels of IgE [18]. Serum levels of 25[OH]D 

correlated inversely with both the short-term severity of AD measured by SCORAD, and the 

long-term severity measured by the Nottingham Eczema Severity Score (NESS). SCORAD 

was also used in a study in Korea that compared the relationship between serum 25[OH]D 

level and severity of AD in children and adults [19]. Whereas serum 25[OH]D levels were 

lower in children with AD than healthy children, the same relationship was not found in 

adults. An important distinction with this study was that serum 25[OH]D levels were not 

significantly correlated with AD severity based on SCORAD scores or serum cathelicidin 

(LL-37) production.

Akan and colleagues [20] looked at the role of allergic sensitization in the relationship 

between vitamin D levels and AD severity in a study involving 73 patients with AD. Allergic 

sensitization was determined by epidermal prick tests as well as serum specific IgE, serum 

total IgE, and peripheral blood eosinophil count and percentage. In the 33 AD patients with 
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allergic sensitization, there was a significant negative correlation between SCORAD values 

and serum vitamin D levels. However, no correlation was reported for those without allergic 

sensitization. Similarly, Lee et al. [21] found no significant correlation between vitamin D 

levels and AD severity (based on SCORAD) among 157 AD patients, but they did find that 

in 36 AD patients with food sensitization there was an inverse relationship between high 

vitamin D levels and AD severity.

The skin of patients with AD frequently becomes colonized with Staphylococcus aureus. 
Because AD can be worsened by an overlying bacterial infection, an observational, cross-

sectional study investigated the relationship between levels of vitamin D and S. aureus 
virulence factors [22]. Several virulence factors, including tsst-1, eta, cna, aur, and sec, were 

associated with lower 25[OH]D levels, indicating that vitamin D deficiency can be 

associated with more virulent overlying S. aureus infections in patients with AD.

(b) Direct relationship between high vitamin D levels and atopic dermatitis—
On the other hand, one cross-sectional study in Germany has suggested the opposite from 

those detailed above. Serum 25[OH]D levels were significantly higher in children and 

adolescents with AD compared to controls, although causality cannot be inferred [23]. 

Similarly, in a cross-sectional analysis involving 2,815 10-year-old children from Germany, 

there was a slightly increased prevalence of AD in children with high serum 25[OH]D levels 

[24].

(c) No relationship between high vitamin D levels and atopic dermatitis—
Several studies have found no significant relationship between vitamin D levels and AD. For 

example, Chiu et al. [25] found that the serum level of 25[OH]D was not significantly 

correlated with the severity of AD based on the SCORAD index in their cross-sectional 

study of 94 children with AD. Limitations to this study include the inability to control for 

factors like sunlight exposure, intake of vitamin D, and prior treatment of AD. Similarly, 

Samochocki et al. [26] found no significant difference in serum 25[OH]D levels in 95 

patients with AD compared to 58 controls. However, these authors describe an increased 

frequency of cutaneous bacterial infections in AD patients with low serum 25[OH]D levels. 

Lastly, a recent prospective study found no statistically significant associations between 

levels of 25[OH]D and prevalence or incidence of atopy, AD, asthma, wheezing, or lung 

function [27].

2.3 Vitamin D supplementation and atopic dermatitis

(a) Vitamin D supplementation is beneficial in atopic dermatitis—It has been 

suggested that vitamin D supplementation (via ultraviolet light exposure or oral 

supplements) is beneficial for AD. For example, Norwegian children with AD who lived in a 

sunny subtropical climate in Gran Canary for 4 weeks had significantly improved SCORAD 

indices and improved values for the Children’s Dermatology Life Quality Index (CDLQI) 

[28]. These beneficial effects persisted for 3 months upon return to Norway, but the role of 

sun-derived vitamin D is not specifically mentioned.

The ability of narrowband ultraviolet B (NB-UVB) treatment to augment systemic vitamin 

D status in AD patients (and also psoriasis patients) has been investigated [29]. In this study, 
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16 out of 18 psoriasis patients (89%), 17 out of 18 AD patients (94%), and 8 out of 15 

healthy controls (53%) had insufficient levels of vitamin D (<30 ng/mL) prior to 15 NB-

UVB treatments, administered three times per week. After these treatments, there was a 

significant increase in 25[OH]D levels, Psoriasis Area and Severity Indices, and SCORAD 

indices. Furthermore, although the pro-inflammatory molecules cathelicidin and human 

beta-defensin 2 (HBD-2) were both elevated prior to NB-UVB treatments, after treatments 

there were increased levels of cathelicidin and decreased levels of HBD-2. These changes in 

cathelicidin and HBD-2 may help explain the mechanism behind vitamin D in AD, and 

deserve our attention in future studies. Several mechanisms of action in the effect of vitamin 

D in atopic dermatitis have been proposed (Figure 2).

The role of oral vitamin D supplementation has also begun to find expression in scientific 

literature. Oral supplementation would bypass the risks of potentially harmful ultraviolet 

(UV) radiation, including skin cancer. For example, one case report describes an adolescent 

girl with severe vitamin D deficiency, causing hypocalcemic rickets [30]. She also had a 

history of severe AD since childhood. She was treated with cholecalciferol (Vitamin D3) 

with an initial dose of 150,000 IU followed by 10,000 IU per week for 6 months, and her 

AD significantly improved.

Although the sample size of 11 patients is low, one study found that in patients with AD, 

supplementation with 1,000 IU of ergocalciferol daily for one month significantly improved 

the Investigator’s Global Assessment (IGA) score compared to AD patients who received a 

placebo [31]. However, the change in the Eczema Area and Severity Index (EASI) was not 

statistically significant. In a randomized, double blind, placebo-controlled study in Iran, 30 

children and adolescents with AD treated with 1,600 IU of cholecalciferol for 60 days had 

significant improvement in SCORAD and TIS (Three Item Severity Score) values compared 

to 30 controls [32]. Similarly, in a population of 104 Mongolian children with winter-related 

AD, there were significant improvements in EASI and the IGA score after one month of 

vitamin D supplementation (1,000 IU daily) compared to controls [33]. Furthermore, a 

recent study showed that after three months of supplementation with vitamin D (1,000 IU 

daily), children with AD had a significant reduction in both the SCORAD index and various 

cytokines, including IL-2, IL-4, IL-6, and IFN-γ [34]. Therefore, vitamin D 

supplementation helped to normalize the serum pattern of Th1 and Th2 cytokines in AD. 

Samochocki et al. [26] also found that in patients with AD and serum 25[OH]D levels less 

than 15 ng/mL, supplementation with 2,000 IU of vitamin D daily for three months resulted 

in a decreased SCORAD index and objective SCORAD.

Lastly, Javanbakht et al. [35] performed a randomized double-blind trial involving 45 AD 

patients that investigated the role of both vitamin D and vitamin E treatment in AD for 60 

days. The dose for vitamin D supplementation was 1,600 IU, and the dose for vitamin E 

supplementation was 600 IU of synthetic all-rac-α-tocopherol. Compared to the placebo 

group, there was a significant decrease in SCORAD in patients receiving vitamin D 

supplementation and a vitamin E placebo (by 34.8%), as well as patients receiving vitamin E 

supplementation and a vitamin D placebo (by 35.7%). In patients receiving both vitamin D 

and vitamin E supplementation, the decrease in SCORAD was greater (64.3%). This 

indicates that both of these vitamins could play a role in improving AD.
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(b) Vitamin D supplementation is not beneficial in atopic dermatitis—In a 

prospective birth cohort study performed in Sweden, larger amounts of dietary vitamin D3 

intake between 5 and 10 months of age was positively correlated with the development of 

AD at age 6 [36]. As opposed to the findings described in the previous section, atopic 

manifestations (AD, allergic rhinitis, and asthma) were more prevalent in children who had a 

higher intake of vitamin D3 during infancy in this study.

The pathway through which vitamin D could potentially be involved in the onset of AD and 

other atopic diseases has been proposed. It has been shown that active ligands of the vitamin 

D receptor induce expression of thymic stromal lymphopoietin (TSLP), a cytokine that 

contributes to the initiation of a phenotype that resembles AD in mice [37].

2.4 Vitamin D levels during pregnancy and atopic dermatitis

Vitamin D is believed to cross the placenta, and cord blood is another source of vitamin D 

for a developing fetus [38]. Consequently, vitamin D levels in mothers are correlated with 

vitamin D levels in their offspring, and the association between vitamin D levels in pregnant 

women and the incidence of AD in newborns has been investigated. The results thus far have 

been conflicting (Table 2).

(a) Increased maternal vitamin D is associated with atopic dermatitis in 
infants—First, studies suggesting that increased maternal vitamin D could contribute to 

infantile and childhood AD will be reviewed. In one study, levels of 25[OH]D in the 

umbilical cord blood were inversely associated with transient early wheezing and AD by age 

5 [39]. Furthermore, the risk of AD on examination at 9 months was increased in children 

whose mothers had a serum 25[OH]D concentration during pregnancy of greater than 75 

nmol/L compared to children of mothers with less than 30 nmol/L of serum 25[OH]D level 

[40].

A study in Japan found that higher maternal intake of vitamin D in pregnancy may increase 

the risk of infantile AD, although higher maternal intake of dairy products during pregnancy 

was significantly associated with reduced risk of infantile AD [41]. In this study, 1,354 

mother-child pairs from southern Japan were surveyed on their dietary history. Objective 

information about maternal vitamin D status was not included, and neither was data on 

vitamin D supplementation during pregnancy.

(b) Decreased maternal vitamin D is associated with atopic dermatitis in 
infants—Despite studies showing an increased risk of infantile AD with increasing 

maternal vitamin D levels, there have also been studies showing the opposite. For instance, 

Chi et al [42] looked at mother infant pairs with family history of asthma from areas in 

Baltimore, Boston, New York and St. Louis where at least 20% of the population was below 

the federal poverty level. Serum cord blood levels of vitamin D were assessed as a marker 

for maternal vitamin D status during pregnancy. Higher vitamin D levels were associated 

with lower number of regulatory T cells, which could affect immune function later in life, 

although this study did not specifically mention AD.
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Several studies have found relationships between low maternal vitamin D and the 

development of AD in offspring. For example, an Australian study looked at cord blood 

levels of 25[OH]D and the risk of childhood AD in a cohort of 231 children [43]. They 

found a significantly decreased risk of AD in infants with increasing levels of cord blood 

25[OH]D, but there were no associations with cord blood levels of 25[OH]D and allergic 

sensitization, IgE-mediated food allergy, or AD severity based on SCORAD. Jones et al [44] 

found that infants with higher 25[OH]D levels at birth had lower production of IL-5 and 

IL-13, which could suggest a protective effect against developing atopic disease.

High prenatal levels of vitamin D have been associated with decreased odds of the 

development of AD [45], and an additional study in Taiwanese children found that low 

maternal vitamin D is associated with the development of AD in offspring [46].

(c) There is no relationship between maternal vitamin D and atopic dermatitis 
in infants—Several studies have found no relationship between AD in infants and maternal 

vitamin D levels. For instance, Weisse et al [47] found no increased risk of atopic disease 

with increasing maternal vitamin D levels, although they did find a positive correlation 

between maternal and cord blood vitamin D levels and the development of food allergy. Pike 

et al [48] looked at a population of mother-infant pairs from the Southampton Women’s 

Study. In this study, maternal vitamin D levels were sampled at 34 weeks gestation and the 

frequencies of vitamin D consumption were recorded at 11 weeks gestation and 34 weeks 

gestation. Maternal 25[OH]D status at 34 weeks gestation was not associated with atopy at 

1, 3, or 6 years of age for the offspring. Wills et al [49] also found no difference in maternal 

vitamin D levels during pregnancy and the development of AD in their children. In this 

prospective population-based study in the United Kingdom, they looked at maternal vitamin 

D levels at any time during pregnancy and assessed atopy when children were 7 years of 

age. There was no association between maternal vitamin D and the development of AD. 

Lastly, Chawes et al [50] conducted a prospective study and found that in a cohort of 257 

children, deficient levels of 25[OH]D were associated with a 2.7 fold increased risk of 

troublesome lung symptoms, including recurrent coughing, wheezing, or dyspnea. However, 

there was no association with AD, respiratory infections, asthma, lung function, allergic 

sensitization, or rhinitis.

There has been one randomized controlled trial to assess the effect of maternal vitamin D 

levels of the development of AD in the offspring [51]. In this study, participants were 

randomized to three groups: no treatment, 800 IU of ergocalciferol daily until delivery or a 

single dose of 200,000 IU cholecalciferol. This study found no difference between groups in 

the prevalence of AD.

2.5 Summary of vitamin D and atopic dermatitis

Some studies have found that vitamin D is protective against AD and that vitamin D 

supplementation can be helpful in AD patients. Because there are limited double-blind 

placebo control studies, at this time there is insufficient evidence to support the role of 

vitamin D supplementation in AD patients, especially in children with AD. Results 

regarding maternal vitamin D status and AD in infants have been inconclusive.

Quirk et al. Page 7

Expert Rev Clin Immunol. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3. Chronic Urticaria

3.1 Background

Urticaria is characterized by the development of wheals (often associated with burning or 

itching sensation), angioedema, or both [52]. Urticaria, commonly referred to as hives, can 

be idiopathic or mediated by type I hypersensitivity. Histamine released from mast cells 

contributes to the clinical symptoms. In addition to mast cells, chronic urticaria involves 

basophils, dendritic cells, monocytes, and pro-inflammatory cytokines and chemokines [53].

By definition, chronic urticaria consists of almost daily repeated episodes of urticaria that 

lasts for 6 weeks or longer [54]. The prevalence of chronic urticaria is estimated to be 

between 0.5–5% of the population, and the incidence is 1.4% per year [55]. Recent research 

has shown 30–50% of patients with chronic spontaneous urticaria produce an 

immunoglobulin IgG type auto-antibody against either the high affinity receptor FcεRIα or 

IgE [56]. The autologous serum skin test (ASST) has been used to test for chronic 

autoimmune urticaria by detecting auto-antibodies against FcεRIα [53]. The chronic 

urticaria index is a blood test that is commonly used to determine whether there is an 

autoimmune basis for urticaria in a particular patient.

3.2 Vitamin D levels in urticaria

Numerous studies have shown that that serum 25[OH]D levels are significantly lower in 

patients with chronic spontaneous urticaria than controls. The major differences between 

these studies will be reviewed here.

Whereas Thorp et al. [57] did not report a correlation between vitamin D levels and duration 

or severity of chronic urticaria, Woo et al. [53] and Chandrashekar et al. [58] found a 

negative correlation between the severity of urticaria and serum 25[OH]D levels. 

Furthermore, whereas Thorp et al. [57] and Grzanka et al. [59] found that ASST was not 

correlated with serum 25[OH]D levels, Chandrashekar et al. [58] and Woo et al. [53] found 

that in ASST-positive patients, serum 25[OH]D levels were significantly lower than the 

ASST-negative group. Although more research is needed in this area, these findings suggest 

that vitamin D deficiency may be a supplementary marker for autoimmune urticaria [53].

Of note, Woo et al. [53] were the only authors to retrospectively compare 4 different groups: 

a chronic urticaria group of 72 patients, an acute urticaria group of 26 patients, an AD group 

of 26 patients, and 72 healthy controls. They found that in comparison to the other groups, 

serum 25[OH]D levels were significantly reduced in the chronic urticaria group. Critically 

low vitamin D levels (<10 ng/ml) were more prevalent in the chronic urticaria group. 

Furthermore, these authors suggest that vitamin D deficiency may increase the probability 

that acute urticaria will progress into chronic urticaria. Among 10 acute urticaria patients 

with critically low vitamin D levels (<10 ng/mL), 5 cases progressed to the chronic form.

IgE is typically increased in urticaria patients, and the relationship between serum vitamin D 

and levels of IgE has been investigated. One study found that in vitro IgE production by 

stimulated B cells is markedly decreased after the administration of vitamin D [60]. It is 

possible that vitamin D could play a role in urticaria via immunomodulation of IgE-
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mediated pathways. However, because both immune and non-immune mechanisms give rise 

to the activation of mast cells in urticaria, the precise mechanistic role of vitamin D in 

urticaria remains unknown.

3.3 Vitamin D supplementation and chronic urticaria

The role of vitamin D supplementation in chronic urticaria has also been explored. For 

example, a case report of a 58-year old man with a 10 year history of chronic urticaria was 

reported to have a serum 25[OH]D level of 4.7 ng/ml, indicating severe vitamin D deficiency 

[61]. Upon supplementation, he had complete resolution of his chronic urticaria with a 

vitamin D dose of 2,000 IU daily. Similarly, a retrospective case-series showed that of the 28 

urticaria, and angioedema patients with vitamin D levels less than 32 ng/mL, 61% of the 

patients had a positive response to vitamin D supplementation demonstrated by complete 

clearance of their symptoms [62]. In a study by Boonpiyathad et al. [63], chronic 

spontaneous urticaria patients with serum levels of 25[OH]D less than 30 ng/ml were treated 

with vitamin D2 supplementation. After 6 weeks, these patients showed significant 

improvement in their Urticaria Activity Score and their Dermatology Life Quality Index 

scores compared to controls.

A prospective study found that a high dose vitamin D3 supplementation was safe and 

beneficial in patients with chronic urticaria [64]. The study randomized 42 subjects with 

chronic urticaria into high (4,000 IU/d) or low (600 IU/d) vitamin D3 supplementation for 

12 weeks in addition to a triple drug therapy consisting of cetirizine, ranitidine, and 

montelukast. Although the triple-drug therapy decreased total Urticaria Symptom Severity 

(USS) scores by 33% in the first week, subjects receiving the high dose vitamin D3 had a 

further decreases by 40% by week 12. The patients on high dose vitamin D3 had fewer days 

with urticaria as well as decreased body distribution of urticaria.

Lastly, a recent prospective case-control study comparing vitamin D levels in 58 chronic 

spontaneous urticaria (CSU) patients and 45 controls found that vitamin D levels were 

significantly lower in CSU patients [65]. Patients with 25[OH]D levels less than 30 ng/mL 

were treated with 300,000 IU/month of vitamin D3 supplementation. After 12 weeks, CSU 

patients showed significant improvements in urticaria activity score (UAS4) and Chronic 

Urticaria Quality of Life Questionnaire (CU-Q2oL).

3.4 Summary of vitamin D and chronic urticaria

Patients with chronic urticaria have been shown to have lower serum vitamin D levels, and 

vitamin D supplementation has been beneficial for several chronic urticaria patients. Due to 

the limited number of studies highlighting the benefits of vitamin D in chronic urticaria, 

there is currently insufficient evidence to support vitamin D supplementation in these 

patients.
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4. Allergic Contact Dermatitis

4.1 Background

Contact dermatitis is an inflammation of the skin upon exposure to a particular substance. 

Allergic contact dermatitis (ACD) and irritant contact dermatitis (ICD) are the two major 

subtypes. The focus of this paper is on ACD, which is characterized by redness, and papules 

with our without vesicles, followed by scaling and dryness [66, 67].

As opposed to AD and chronic urticaria, ACD involves a Type IV cell mediated 

hypersensitivity (also known as delayed type hypersensitivity) with Th1 lymphocytes [68]. 

Small molecular weight haptens or haptens conjugated to proteins induce keratinocytes to 

release pro-inflammatory cytokines [69]. The activated keratinocytes migrate to regional 

draining lymph nodes where native Th0 cells are activated. These cells mature into hapten-

specific T Regulatory cells and Th1 cells, which remain behind at the site. Subsequent 

exposure to the same substance results in a shortened latent period [69].

Currently, a topical corticosteroid is the first-line treatment for ACD. For more extensive and 

severe cases, systemic corticosteroids are often used. Other modes of therapy for ACD are 

calcineurin inhibitors, UV light treatment and immunomodulating agents [69].

4.2 Vitamin D and allergic contact dermatitis in mice

One animal study has investigated the role of vitamin D in ACD. Male mice with normal 

levels of vitamin D were shown to be more responsive at repressing ACD compared to mice 

that were lacking vitamin D, although this relationship was not found in female mice [70]. 

The mechanism behind the different responses in male and female mice remains unknown. 

This animal study indicates that vitamin D could potentially be beneficial in ACD in 

humans. However, there is limited research on vitamin D supplementation for humans with 

ACD, highlighting the need for future investigation in this area.

4.3 Summary of vitamin D and allergic contact dermatitis

Only one mouse study has found that mice with higher serum vitamin D levels could be 

more likely to repress ACD. To date, there are no studies that suggest that vitamin D may 

play a role in ACD in humans. Therefore, vitamin D supplementation in ACD is not 

recommended and warrants clinical studies.

5. Expert Commentary and Five-Year View

5.1 Atopic Dermatitis

Since antimicrobial peptide (AMP) is decreased in AD, resulting in compromised innate 

immunity, a recent study questioned whether supplementation with vitamin D would 

increase AMP production and consequently improve the ability of people with AD to 

prevent bacterial and viral infections of the skin [71]. After 21 days of receiving 4000 IU of 

cholecalciferol daily, measurements of AMPs such as cathelicidin, human beta-defensin 3 

(HBD-3), and IL-13 were unchanged in patients with AD along with the EASI remaining 
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unchanged over the 21-day period. Therefore, more research is needed regarding the role of 

vitamin D in preventing skin infections in AD via alterations in AMPs.

One potential reason for the conflicting results about the role of vitamin D in AD involves 

variations in the vitamin D receptor (VDR) gene. Four different VDR single nucleotide 

polymorphisms (SNPs) were shown to have increased expression in patients with AD, 

compared to healthy controls [72]. Moreover, the VDR haplotype GCT was correlated with 

AD severity. Due to altered expression of VDR in GCT carriers, epidermal barrier function 

and local skin immunity could be jeopardized, leading to a higher likelihood of skin 

infections and subsequent AD exacerbations. Additional environmental and genetic factors 

clearly also play a part in AD severity, but a patient’s particular VDR genotype is a notable 

cofactor.

Genotypes were also investigated in a recent study by Hallau et al. [73]. They particularly 

looked at genes encoding for the vitamin D synthesizing enzyme Cyp27b1 and the vitamin 

D inactivating enzyme Cyp24a1. In 281 patients with AD, the Cyp24a1 rs2248359 SNP C 

allele was over-represented, in comparison to 278 healthy controls. Halotypes of genes for 

Cyp27b1 and Cyp24a1 were also associated with AD. Therefore, patients with AD and 

certain genotypes may have decreased VDR activity, which could contribute to the 

pathogenesis of AD. This further suggests that future studies investigating the relationship 

between vitamin D and AD should take individual genotypes into consideration.

There are several other important factors that deserve future attention. First, since the dose 

of vitamin supplementation in the current literature ranges anywhere from 1,000 IU to 4,000 

IU daily, with variable duration of treatment, more standardization in this area would be 

helpful. Because most supplementation studies last for one to three months, more long-term 

data will also be necessary. Furthermore, instead of utilizing a standardized scoring system, 

current studies utilize variable tools to quantify AD severity, including SCORAD, EASI, and 

several other severity measures. Standardization in this area would also be helpful. In 

essence, future research involving large prospective studies would help elucidate whether 

supplemental vitamin D should be considered as an adjuvant treatment for AD, particularly 

in the winter months and in vitamin D deficient patients.

5.2 Chronic Urticaria

Whereas the role of vitamin D in AD has produced conflicting results in the literature, 

studies on chronic urticaria are more unanimous in their findings, indicating that it may be 

beneficial to assess vitamin D status in these patients. However, it is important to note that 

overall there have been significantly less studies involving vitamin D and chronic urticaria 

than AD. Prospective clinical studies with large sample sizes will be necessary before any 

definitive conclusions about the relationship between vitamin D and chronic urticaria can be 

made. Further studies should also elucidate the most beneficial dose of vitamin D 

supplementation for chronic urticaria. Lastly, continued research about the mechanism of 

action of vitamin D in chronic urticaria would be useful.
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5.3 Allergic Contact Dermatitis

Low-dose UV radiation (UVR) is a possible therapy for ACD that needs further clinical 

investigations as UVR contributes to vitamin D stores. As previously mentioned, studies 

involving vitamin D levels in human with ACD would help clarify its role in this particular 

allergic skin condition.
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6. Key Issues

• Although the precise mechanism of vitamin D in inflammatory skin 

conditions like AD, chronic urticaria, and ACD remains unknown, it 

may be related to its modulatory function on various immune cells and 

the barrier function of the skin.

• Vitamin D enhances defense mechanisms within the skin barrier and 

generally decreases inflammation in the innate and adaptive immune 

system.

• The relationship between vitamin D levels and AD has resulted in 

mixed findings, with the majority of studies favoring an inverse 

relationship between elevated serum vitamin D levels and AD severity.

• Genetic differences in the vitamin D receptor and/or vitamin D 

synthesizing and inactivating enzymes may help explain the conflicting 

results in studies on the role of vitamin D in AD.

• An inverse relationship between elevated serum vitamin D levels and 

chronic urticaria severity has been shown in several studies, but there 

are significantly less studies involving chronic urticaria than AD.

• Whereas an animal study demonstrated an inverse relationship between 

vitamin D levels and ACD severity, human studies in this area are non-

existent at this time.

• Future large-scale prospective should assess the role of vitamin D as a 

possible supplemental therapy for allergic skin conditions.

• Serum levels of vitamin D should be further investigated as a potential 

marker for disease progression and severity in these three conditions.
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Fig. 1. 
Potential role of vitamin D on various immune cells to decrease inflammation and enhancing 

defense mechanisms. The  and  signs represent stimulatory or inhibitory effect, 

respectively, of vitamin D on the release of cytokines or the function, as mentioned in the 

diagram.
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Fig. 2. 
Mechanisms explaining the role of Vitamin D deficiency in atopic dermatitis.
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Table 1

Serum 25-hydroxyvitamin D (25[OH]D) and atopic dermatitis (AD)

Inverse relationship between high 25[OH]D 
levels and AD

Direct relationship between high 
25[OH]D levels and AD

No significant relationship between 
25[OH]D levels and AD

• Oren et al. [13]

• Cheng et al. [14]

• Peroni et al. [15]

• Cheon et al. [16]

• Baek et al. [17]

• Wang et al. [18]

• Han et al. [19]

• Akan et al. [20]

• Lee et al. [21]

• Gilaberte et al. [22]

• Heimbeck et al. 
[23]

• Wawro et al. 
[24]

• Chiu et al. [25]

• Samochocki et al. 
[26]

• Thuesen et al. [27]
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Table 2

Maternal serum vitamin D and atopic dermatitis (AD) in infants

Increased maternal vitamin D is 
associated with AD in infants

Decreased maternal vitamin D is associated 
with AD in infants

There is no relationship between maternal 
vitamin D and AD in infants

• Baïz et al. [39]

• Gale et al. [40]

• Miyake et al. [41]

• Jones et al. [43]

• Jones et al. [44]

• Wegienka et al. [45]

• Chiu et al. [46]

• Weisse et al. [47]

• Pike et al. [48]

• Wills et al. [49]

• Chawes et al. [50]

• Goldring et al. [51]
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