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Abstract

In recent years, the interest of the scientific world towards vitamin D gradually increased, and several studies have
been conducted to dissect its possible role in modulating the development/course of allergic diseases. Also,
Vitamin D supplementation has been assessed as a beneficial approach for treating allergies in some, but not all
studies. We reviewed herein the available and relevant literature concerning the possible links between Vitamin D,
its supplementation and allergic diseases. A literature search was made independently by the Authors, identifying
articles for a narrative review. As per literature, Vitamin D plays a key role in calcium and phosphate metabolism,
and it is essential for bone health in infants, children and adolescents. However, there is presently insufficient
evidence to support vitamin D supplementation for prevention or treatment of allergic diseases in infants, children
and adolescents, concerning allergic rhinitis, asthma, food allergy and atopic dermatitis.
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General background

During the two last decades, the scientific interest on
the Vitamin D system progressively increased. Apart
from the well-known role of this vitamin in bone and
calcium metabolism, recent observations have suggested
its possible role as a pivotal immune-modulator also in
allergic diseases, including asthma [1], and this aspect
could assume a particular relevance in pediatric patients.
A growing body of literature underlined that vitamin D
plays an important role in the general function/regulation
of immune system, expecially concerning lymphocyte
function, T cell antigen receptor signaling and activa-
tion, cytokine production [2-4]. Based on these obser-
vations, the vitamin has been suggested as a potential
factor affecting incidence, severity and course of asthma
and allergic diseases [5,6], thus envisaging also prevent-
ive roles. It is also true that some studies suggested that
high serum levels of vitamin D may increase the risk
of allergic disorders [7-12]. Cholecalciferol, and its
metabolites, are more properly hormones that can be
synthesized by the human body (Figure 1). Ultraviolet
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radiations determine the photochemical conversion in
the skin of 7-dehydrocholesterol into cholecalciferol
(Vitamin D3). Subsequently, in the liver, mitochon-
drial and microsomal enzymes similar to cytochrome
P450 determine its hydroxylation in position 25 to get
25-hydroxy-cholecalcipherol (calcidiol), that is usually
named and assayed as Vitamin D (VD) since it represents
the most abundant circulating form, with a long half-life.
Approximately, 88% of VD circulates bound to specific
binding proteins, or bound to albumins, whereas only
0,03% is free. The second hydroxylation, that is necessary
for having an active hormone, occurs in kidney, where
VD is converted in the active form (1-25 hydroxyVD,
calcitriol) [13].

Up to recent times, it was argued that the conversion
of VD into its active metabolite could exclusively occur
in the kidney. Latest discoveries have brought to light
how other cells in different organs express receptors for
vitamin D. Typical examples are represented by T and B
lymphocytes, monocytes, antigen presenting cells (APC)
including macrophages and dendritic cells [14]. In the
matter of this, it is established that vitamin D exerts its
effects on the immune system, especially increasing the
expression of cathelicidins hCAP18, important defense
factor against pathogens of the respiratory tract [15].
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Figure 1 General metabolism of vitamin D, precursors and derivatives.
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Cathelicidins produced by neutrophils and epithelia,
after a signal mediated by inflammatory cytokines, would
seem to determine the chemotaxis of the cells of in-
nate immunity by activating an inflammatory response
against several microorganisms. Moreover, vitamin D
may stimulate the production of cationic peptides, beta-
defensin 2 and 4 [15].

The supposed antiallergic effects of VD may in part
be ascribable to the action on dendritic cells, favoring
the production of IL-10 and reducing the production of
IL-12 [16]. A serum level of VD > 50 nmol/L is considered
sufficient, values < 50 nmol/L insufficient, and < 40 nmol/L
possibly at risk for disease. To ensure an adequate in-
take of vitamin D, the American Academy of Pediatry
has raised the daily recommended intake for children
and adolescents [17], to a dose of 400 IU up to 12 months
of age and 400-600 over 12 months [18], recommending
that this supplementation should begin during the first
days of life.

Concerning allergic diseases, the available studies pro-
vided conflicting results. Certainly, in addition to serum
levels of VD, other factors may play a crucial role in the
development of allergies and asthma, including environ-
ment and genetics. In this regard, an interesting aspect
concerns the latitude [19]: high latitudes (evaluated in con-
sideration of residence at time of birth and interview),
which are characterized by lower ultraviolet irradiation,
may be associated with a lower frequency of allergy, while
a higher ultraviolet exposure (lower latitudes), was associ-
ated with an increased likelihood of having a history of
allergic rhinitis or asthma or both conditions during child-
hood. Of course, these represent only a cross-sectional
study, and do not provide a direct evidence that sun-
exposure is related to VD and allergy.

Interventional studies with VD in patients with
immune-mediated diseases were not fully exhaustive.
The extent of involvement of vitamin VD-dependent
and VD-independent pathways in homeostasis and regu-
lation of immune system in diseases still needs to be ex-
plored [20].

Vitamin D and allergic rhinitis

There are few studies related to allergic rhinitis. An
Australian study [21] after observing that the prevalence
of allergies increases in percentage, with the decrease of
latitude, tried to describe each latitudinal variation in the
prevalence of allergy in childhood and to assess, in paral-
lel, the possible association between ultraviolet irradi-
ation and VD, in relation with allergic rhinitis, asthma, or
both conditions. The conclusions have shown that the in-
verse association between latitude and asthma is not
dependent on ultraviolet but attributable to other cli-
matic factors such as temperature. It was also reported
that supplementation with cod liver oil before 15 years of
age is associated with an increased likelihood of having
asthma and allergic rhinitis. Another study performed in
Norway displayed a direct association between VD defi-
ciency and male sex for the development of allergic rhin-
itis, whereas females resulted protected according to VD
levels [22]. The research provides a rationale for the
evaluation of the possible central role of early vitamin D
supplementation for the development of allergy in child-
hood. Different patterns of sun exposure are probably
also involved in allergic sensitization.

Vitamin D, asthma and wheezing
Concerning the relationship between VD and wheezing,
a prenatal VD deficiency seems to predispose to
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wheezing as well as to subsequent asthma, adversely
affecting the development of the lung as well as of
the fetal immune system [11]. An adequate intake of
VD during pregnancy would seem to exert a protect-
ive action on the onset of childhood wheezing and
asthma, especially in the male offspring [23]. This
appears to be due to the synergistic action of VD
and 17-beta-estradiol, with a final reduction of the
catabolism of VD [24]. Children born from mothers
with VD deficiency during pregnancy are predisposed
to an increased risk of recurrent wheezing at 3 years
of age. The additional intake of 100 IU of vitamin D
in the first and second trimester of pregnancy is as-
sociated with a lower risk of asthma and wheezing
during childhood [9]. The possible influence of
genotype-associated VD binding proteins, makes the
link between asthma and VD even more complex
[25].

Asthma, in its allergic phenotype, is classically deter-
mined by an increased activity of TH2 cells resulting in
the production of IgE and inflammatory cytokines caus-
ing airway hyperresponsiveness with a predominantly
eosinophilic inflammation. In recent years, many studies
focused the possible protective role of vitamin D against
bronchial asthma [26]. Nonetheless in a Spanish birth
cohort, higher maternal VD at 12 weeks’ gestation was
not associated with wheezing at 1 year or 4 years or
asthma at age 4 to 6 years [7]. Also, a recent study from
UK found no association with dietary vitamin D and
wheeze, asthma, or sensitization [8]. Using either mater-
nal or cord blood as biomarker for fetal VD exposure,
an inverse associations with the risk of developing re-
spiratory and allergic disease was found [9-12].

Gupta et al. showed an inverse relationship between
serum concentration of VD and severity of asthma at-
tacks, number of exacerbations and consumption of in-
haled corticosteroids (ICS); the same study also showed
how optimal levels of VD were associated with a good
control of the disease [27]. Searing et al. observed that
children with asthma had overall insufficient serum
levels of vitamin D, with an inverse correlation between
VD, total IgE and skin prick tests (SPT) positivity, and a
direct association with increased corticosteroid usage
[28]. From a functional point of view, it has also been
shown that a deficiency state involves the reduction of
the forced expiratory volume in the 1st second (FEV1)
in patients with mild to moderate asthma.

VD would also modulate various cytokines induced ef-
fects through different cells of the immune system with
a dose-dependent action. Reasonable doses of VD inhibit
the production of both TH1 and TH2 cytokines, while
high concentrations seem to even amplify the TH2
responses [29]. Moreover, VD, in association with gluco-
corticoids, may increase directly or indirectly the
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production of anti-inflammatory cytokines such as IL 10
[30]. Concerning the airway remodeling in asthma, some
studies showed that VD can affect remodeling through
a direct effect on the proliferation of smooth muscle
cells of the airways, also influencing their growth and
contractility [31].

Vitamin D and steroid resistance

The molecular mechanisms of glucocorticoid resistance
in children are probably different, unclear and not yet
clearly defined. A congenital steroid resistance, resulting
from any genetic mutation of the receptors is rare [32].
On the contrary, acquired resistance is more common,
and often can be overcome by increasing the dose, this
increasing also the risk of side effects. There are several
potential mechanisms underlying resistance to steroid
therapy that have been mainly studied in adult subjects
[33,34]. The pathophysiological mechanism underlying
allergic responses involves the initial participation of
the innate immunity APC resulting in the activation of
the TH2 lymphocytes response. The regulatory T cells,
through the production of cytokines such as IL-10 and
TGE-beta, negatively modulate the activation of this im-
mune response that contribute to airways inflammation
and hyperreactivity. A functional reduction of the regu-
latory T lymphocytes activity has been associated with
the resistance to glucocorticoid therapy as well [35].

More recently, several Authors underlined that VD
may be involved in the increase of regulatory T lympho-
cytes recruitment [36]. In conditions of VD deficiency
regulatory T-lymphocytes were reduced not only in
number but in overall functionality and effectiveness. A
small pilot study has also suggested that the intake of
VD in people with asthma would increase the response
to therapy with dexamethasone [36]. We could than as-
sume that vitamin D may potentially increase the thera-
peutic response to glucocorticoids in those subjects that
exhibit resistance to steroids.

Some mechanisms (Table 1) have been proposed to ex-
plain how VD can interact with steroid therapy. Suther-
land et al. [37] showed an association between low levels
of vitamin D and impaired lung function, increase of

Table 1 Potential mechanisms of interaction between
vitamin D and GC

- Enhanced dexamethasone (DEX)-induced expression of IL- 10 by T
regulatory cells

- Preincubation of T cells with both IL-10 and vitamin D3 overcame
defects in DEX-induced CD41 T cell IL-10 production

- Possible mechanism in which vitamin D3 reversed ligand-induced
down-regulation of the GC receptor

- High concentrations of vitamin D were instead put in relation with
the increased expression of MPK-1 protein by blood mononuclear
cells
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airway hyperresponsiveness and reduction of glucocortic-
oid response in a group of patients with moderate to severe
asthma. VD can also modulate at genomic level the tran-
scription of genes for proteins with inflammatory activity
[38-40]. Another mechanism potentially involved in steroid
resistance is the ability of VD to adjust the expression of
genes involved in inflammatory phenomena, in relation to
the regulation of glucocorticoid receptors themselves [41].

In vitro, physiological concentrations of VD added to
dexamethasone significantly increase the expression of
proteins MPK-1 in peripheral blood mononuclear cells
compared to dexamethasone alone, suggesting that the
addition of vitamin D could reduce the effective dose
of dexamethasone required. Hence, it is important to
emphasize that a treatment with vitamin D in an asth-
matic patient may not only lead to a significant improve-
ment in clinical symptoms, but also to a tapering of
the steroid dose thus avoiding the well-known side
effects [38].

Vitamin D and asthma exacerbations

It is well known that viral infections of the respiratory
tract lead to an increase of asthma exacerbations both in
children and in adults [42]. Rhinovirus infections, for
example, induce an inflammatory state in the airways,
not only increasing the severity of asthma exacerbation,
but also leading to infections running definitely with a
greater severity than in non asthmatic patients [42].

Emerging new evidences brought to light as subjects
with inadequate intake of vitamin D exhibit a higher
number of respiratory infections per year and that these
may onset with greater severity [43].

One prospective cohort study measured the different
concentrations of VD in 198 adult subjects observing
how individuals with VD concentrations less than
38 ng/mL had a risk of viral infections of the respiratory
tract doubly increased [44]. The EDEN [45] cohort study
found no significant association between cord-blood VD
levels and the risk of developing asthma. Also, it was
evidenced that a VD deficiency status make more prone to
exacerbations of asthma children than adults [45-47]. Ac-
cording to these data it is clear how important is an early
identification of vitamin D deficiency status, and also a
prompt setting of adequate supplementation, to prevent
several diseases both in adults and in children.

Vitamin D and food allergy

Although the extra-skeletal role of VD is definitely intri-
guing and should not be underestimated, at this moment
there is a lack of consistent data facing the issue of
VD in the development/prevention of food allergies.
One recent cross-sectional study [48] on more than
500 infants with proven food allergy showed a direct
relation with VD deficiency and disease, although more
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detailed immunological parameters (e.g. food-specific
immunoglobulins) were not investigated. Another study
evidenced that high vitamin D levels in pregnancy and at
birth may contribute to a higher risk for food allergy [49],
this standing against VD supplementation to protect
against allergy. Another birth cohort study on 650 infants
could not detect an epidemiological relation between VD
deficiency and risk of food allergy, although an associ-
ation with specific genetic assets was seen [50]. Consider-
ing the large amount of literature regarding the
mechanisms associated with atopic diseases, an evalu-
ation of serum levels of VD and finally its supplementa-
tion must be regarded as a further opportunity to
understand and treat atopic diseases, but well-designed
studies on VD supplementation to prevent food allergies
are needed [51].

Vitamin D and atopic dermatitis

Some studies on this subject indicated an inverse rela-
tionship between the prevalence and/or severity of
atopic dermatitis and VD levels. Furthermore, studies
have shown that, in individuals with dermatitis and VD
deficiency, a supplementation reduces the severity of the
disease [52,53]. However, data are not consistent, as this
correlation has been found, but only in patients with al-
lergic sensitization [54,55], and other studies found no
or an inverse correlation between VD deficiency and
atopic eczema [56,57]. In addition, a recent controlled
trial found no visible effect of VD supplementation on
clinical severity of the disease [58]. Of note, cathelicidin,
an antimicrobial innate protein, is presently regarded as
a possible biomarker linking VD and innate immune
regulation in atopic dermatitis [59,60].

Vitamin D and anaphylaxis

It would seem to exist an interesting relationship be-
tween latitude and episodes of anaphylaxis as reported
in the records of the emergency rooms and the sales of
self-injectable epinephrine. In his study Mullins showed
that both parameters were higher in the southern re-
gions of Australia [61]. Nonetheless, a clear and direct
relationship within VD and anaphylaxis has been so far
demonstrated or explored in detail.

Concluding remarks

Taken together the available literature, it is not yet pos-
sible to confirm or refute the direct role of VD in the de-
velopment/worsening of allergic diseases in pediatric age
and in newborns, neither to assign a relevant role to VD
use in an immunological therapy setting. Many con-
founding and still unidentified variables are present in
the various studies. There is an overwhelming experi-
mental evidence that vitamin D acts on the function of
immune cells, but the complexity of this system, cannot
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be applied to the general population, and no specific nu-
tritional guideline can be issued in the setting of allergy.
Also, it is not yet possible to recommend an absolute
strategy for the use of VD in the therapy of asthma and
allergic diseases, or in prevention [62-65]. Clinical trials
and population-based prospective studies are needed, in
order to better understand the molecular mechanism by
which VD may affect immunological disorders and their
development. [3]. VD plays a key role in calcium and
phosphate metabolism and is essential for bone health in
infants, children and adolescents; however, up to now
there is insufficient evidence to support vitamin D sup-
plementation to obtain other benefits [58]. In conclusion,
pediatricians should pay closer attention to vitamin D
levels in allergic children and their parents for a better dis-
ease management.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

All authors have equally and actively contributed in the conception and
preparation of the manuscript. All authors read and approved the final
manuscript.

Author details

'Department of Pediatrics, National Healthcare System Fornovo, Parma, Italy.
2Departr‘nent of Pediatrics, National Healthcare System ASL TOT1, Turin, Italy.
3Pediatric Unit Department of Gynecologic, Obstetric and Pediatric Sciences,
University of Bologna, Bologna, Italy. “Pediatric Unit, G. Fornaroli Hospital,
Magenta, Milan, Italy. *Department of Sciences for Health Promotion and
mother and child, University of Palermo, Palermo, ltaly. SEnvironmental
Protection Agency of Tuscany (ARPAT), Department of Prato, Prato, Italy.
’Aerobiological Monitoring Center, University of Tor Vergata, Rome, Italy.
SAllergology Unit, GB.Grassi Hospital, Rome, Italy. “Allergy and Respiratory
Diseases, IRCCS San Martino-Ist-University of Genoa, Pad. Maragliano, L.go R
Benzi 10, 16133 Genoa, ltaly. '°Department of Pediatrics and Allergy Unit
Sandro Pertini Hospital, Rome, Italy.

Received: 2 July 2014 Accepted: 11 September 2014
Published: 10 December 2014

References

1. Sharief S, Jariwala S, Kumar J, Muntner P, Melamed ML: Vitamin D levels
and food and environmental allergies in the United States: Results from
the National Health and Nutrition Examination Survey 2005-2006. J Allergy
Clin Immunol 2011, 127:1195-1202.

2. Thuesen BH, Skaaby T, Husemoen LL, Fenger M, Jgrgensen T, Linneberg A:
The association of serum 25-OH vitamin D with atopy, asthma, and
lung function in a prospective study of Danish adults. Clin Exp
Allergy 2014, 27. doi:10.1111/cea.12299.

3. Muehleisen B, Gallo RL: Vitamin D in allergic disease: shedding light on a
complex problem. J Allergy Clin Immunol 2013, 131:324-329.

4. von Essen MR, Kongsbak M, Schjerling P, Olgaard K, Odum N, Geisler C:
Vitamin D controls T cell antigen receptor signaling and activation of
human T cells. Nat Immunol 2010, 11:344-349.

5. Litonjua AA, Weiss ST: Is vitamin D deficiency to blame for the asthma
epidemic? J Allergy Clin Immunol 2007, 120:1031-1035.

6. Bozzetto S, Carraro S, Giordano G, Boner A, Baraldi E: Asthma, allergy and
respiratory infections: the vitamin D hypothesis. Allergy 2012, 67:10-17.

7. Morales E, Romieu |, Guerra S, Ballester F, Rebagliato M, Vioque J,
Tarddn A, Rodriguez Delhi C, Arranz L, Torrent M, Espada M,
Basterrechea M, Sunyer J, INMA Project: Maternal vitamin D status in
pregnancy and risk of lower respiratory tract infections, wheezing,
and asthma in offspring. Epidemiology 2012, 23:64-71.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

w

Page 5 of 6

Pike KC, Inskip HM, Robinson S, Lucas JS, Cooper C, Harvey NC, Godfrey KM,
Roberts G, Southampton Women's Survey Study Group: Maternal late-
pregnancy serum 25-hydroxyvitamin D in relation to childhood wheeze
and atopic outcomes. Thorax 2012, 67:950-956.

Camargo CA Jr, Clark S, Kaplan MS, Lieberman P, Wood RA: Regional
differences in EpiPen prescriptions in the United States: the potential
role of vitamin D. J Allergy Clin Immunol 2007, 120:131-136.

Camargo CA Jr, Ingham T, Wickens K, Thadhani R, Silvers KM, Epton MJ,
Town G, Pattemore PK; Espinola JA, Crane J, New Zealand Asthma and Allergy
Cohort Study Group: Cord-blood 25-hydroxyvitamin D levels and risk of re-
spiratory infection, wheezing and asthma. Pediatrics 2011, 127:e 180-e 187.
Gale CR, Robinson SM, Harvet MC, Javaid MK, Jiang B, Martyn CN, Godfrey KM,
Cooper C: Maternal vitamin D status during pregnancy and child outcomes.
Eur J Clin Nutr 2008, 62:68-77.

Nwaru BI, Ahonen S, Kaila M, Erkkola M, Haapala AM, Kronberg Kippild C, Veijola
R, llonen J, Simell O, Knip M, Virtanen SM: Maternal diet during pregnancy
and allergic sensitization in the offspring by 5 yrs of age: a prospective
cohort study. Pediatr Allergy Immunol 2010, 21:29-37.

Lee JY, So TY, Thackray J: A review on vitamin d deficiency treatment in
pediatric patients. J Pediatr Pharmacol Ther 2013, 18:277-291.

Holick MF: Vitamin D deficiency. N Engl J Med 2007, 357:266-281.

Yim S, Dhawan P, Ragunath C, Christakos S, Diamond G: Induction of
cathelicidin in normal and CF bronchial epithelial cells by 1,25-
dihydroxyvitamin D(3). J Cyst Fibros 2007, 6:403-410.

Jr M, Iwata M: Vitamin effects on the immune system: vitamins A and D
take centre stage. Nat Rev Immunol 2008, 8:635-689.

American Academy of Pediatrics: Dietary reference intakes for calcium
and vitamin D. Pediatrics 2012, 130:21424.

Abrams SA: Dietary Guidelines for Calcium and Vitamin D: a new era.
Pediatrics 2011, 127:566-568.

Staples JA: Ecologic Analysis of Some Immune-Related Disorders, Including
Type 1 Diabetes, in Australia: Latitude, Regional Ultraviolet Radiation, and
Disease Prevalence Environ. Health Perspect 2003, 111:518-523.

Hart PH, Gorman S, Finlay-Jones JJ: Modulation of the immune system by
UV radiation: more than just the effects of vitamin D? Nat Rev Immunol
2011, 11:584-596.

Hughes AM, Lucas RM, Ponsonby AL, Chapman C, Coulthard A, Dear K,
Dwyer T, Kilpatrick TJ, McMichael AJ, Pender MP, Taylor BV, Valery P,
van der Mei IA, Williams D: The role of latitude, ultraviolet radiation
exposure and vitamin D in childhood asthma and hayfever: an Australian
multicenter Study. Pediatr Allergy Immunol 2011, 22:327-333.

Mai XM, Chen'Y, Camargo CA Jr, Langhammer A: Serum 25-hydroxyvitamin D
levels and self-reported allergic rhinitis in Norwegian adults - The HUNT
Study. Allergy 2014, 69:488-493.

Devereux G: Early life events in asthma-diet. Pediatr Pulmonol 2007,
42:663-673.

Hollams EM, Hart PH, Holt BJ, Serralha M, Parsons F, de Klerk NH, Zhang G,
Sly PD, Holt PG: Vitamin D and Atopy and asthma phenotypes in
children: a longitudinal cohort study. Eur Respir J 2011, 38:1320-1327.
Navas-Nazario A, Li FY, Shabanova V, Weiss P, Cole DE, Carpenter TO:
Bazzy-Asaad A Effect of vitamin D-binding protein genotype on the
development of asthma in children. Ann Allergy Asthma Immunol
2014, 112:519-524.

Hollarns EM: Vitamin D, and atopy and asthma phenotypes in children.
Curr Opin Allergy Clin Immunol 2012, 12:228-234.

Gupta A, Sjoukes A, Richards D, Banya W, Hawrylowicz C, Bush A, Saglani S:
Relationship between serum vitamin D, disease severity, and airway
remodeling in children with asthma. Am J Respir Crit Care Med 2011,
184:1342-1349.

Searing DA, Zhang Y, Murphy JR, Hauk PJ, Goleva E, Leung DY: Decreased
Serum Vitamin D levels in children with asthma are associated with
increased corticosteroid usage. J Allergy Clin Immunol 2010, 125:995-1000.
Jirapongsananuruk O, Melamed I: Leung DY:Additive immunosuppressive
effects of 1,25-dihydroxyvitamin D3 and corticosteroids on TH1, but not
TH2, responses. J Allergy Clin Immunol 2000, 106:981-985.

Urry Z, Xystrakis E, Richards DF, McDonald J, Sattar Z, Cousins DJ, Corrigan CJ,
Hickman E, Brown Z, Hawrylowicz CM: Ligation of TRL9 induced on human
IL10-secreting Tregs by 1 alpha, 25-dihydroxyvitamin D3 abrogates
regulatory function. J Clin Invest 2009, 119:387-398.

Damera G, Fogle HW, Lim P, Goncharova EA, Zhao H, Banerjee A, Tliba O,
Krymskaya VP, Panettieri RA Jr: Vitamin D inhibits growth of human airway



Della Giustina et al. World Allergy Organization Journal 2014, 7:27
http://www.waojournal.org/content/7/1/27

smooth muscle cells through growth factor-induced phosphorylation of
retinoblastoma protein and checkpoint kinase 1. Br J Pharmacol 2009,
158:1429-1441.

32. Barnes PJ, Adcock IM: Glucocorticoid resistance in inflammatory diseases.
Lancet 2009, 373:905-1917.

33, Adcock IM, Barnes PJ: Molecular mechanism of corticosteroid resistance.
Chest 2008, 134:394-401.

34, Barnes PJ: Corticosteroid resistance in patients with asthma and chronic
obstructive pulmonary disease. J Allergy Clin Immunol 2013, 131:636-645.

35. Robins DS: Regulatory T cells and asthma. Clin Exp Allergy 2009,
39:1314-1323.

36.  Xystrakis E, Kusumakar S, Boswell S, Peek E, Urry Z, Richards DF, Adikibi T,
Pridgeon C, Dallman M, Loke TK, Robinson DS, Barrat FJ, O'Garra A, Lavender P,
Lee TH, Corrigan C, Hawrylowicz CM: Reversing the defective induction of
IL10-secreting regulatory T cells in glucocorticoid-resistant asthma patients.
J Clin Invest 2006, 116:146-155.

37. Sutherland EA, Goleva E, Jackson LP, Stevens AD: Leung DY:Vitamin D
Levels, Lung Function, and Steroid Response in Adult Asthma. Am J
Respir Crit Care Med 2010, 181:699-704.

38. Zhang Y, Goleva E, Leung DY: Vitamin D enhances glucocorticoid-induced
mitogen-activated protein kinase phosphatase-1 (MKP-1) expression
and their anti-proliferative effect in peripheral blood mononuclear
cells. J Allergy Clin Immunol 2009, 123:5121.

39. Poon AH, Mahboub B, Hamid Q: Vitamin D deficiency and severe asthma.
Pharmacol Ther 2013, 140:148-155.

40. Wang W, Li JJ, Foster PS, Hansbro PM, Yang M: Potential therapeutic
targets for steroid-resistant asthma. Curr Drug Targets 2010, 11:957-970.

41. Margolis RN, Christakos S: The nuclear receptor superfamily of steroid
hormones and vitamin D gene regulation. An update. Ann N Y Acad Sci
2010, 1192:208-214.

42, Busse WW, Lemanske RF Jr, Gern JE: Role of viral respiratory infections in
asthma and asthma exacerbations. Lancet 2010, 376:826-834.

43. Brehm JM, Celedon JC, Soto-Quiros ME, Avila L, Hunninghake GM, Forno E,
Laskey D: Serum vitamin D levels and markers of severity of childhood
asthma in Costa Rica. Am J Respir Crit Care Med 2009, 179:765-771.

44.  Sabetta JR, DePetrillo P, Cipriani RJ, Smardin J, Burns LA, Landry ML: Serum
25-hydroxyvitamin d and the incidence of acute viral respiratory tract
infections in healthy adults. PLoS One 2010, 5:e11088.

45. Baiz N, Dargent-Molina P, Wark JD, Souberbielle JC, Annesi-Maesano I: EDEN
Mother-Child Cohort Study Group. Cord serum 25-hydroxyvitamin D and
risk of early childhood transient wheezing and atopic dermatitis. J Allergy
Clin Immunol 2014, 133:147-153.

46. Beigelman A, Zeiger RS, Mauger D, Strunk RC, Jackson DJ, Martinez FD,
Morgan WJ, Covar R, Szefler SJ, Taussig LM, Bacharier LB: Childhood
Asthma Research and Education (CARE) Network of the National Heart,
Lung, and Blood InstituteThe association between vitamin D status and
the rate of exacerbations requiring oral corticosteroids in preschool
children with recurrent wheezing. J Allergy Clin Immunol 2014,
133:1489-1492.

47. Goleva E, Searing DA, Jackson LP, Richers BN, Leung DY: Steroid
requirements and immune associations with vitamin D are stronger
in children than adults with asthma. J Allergy Clin Immunol 2012,
129:1243-1251.

48.  Allen KJ, Koplin JJ, Ponsonby AL, Gurrin LC, Wake M, Vuillermin P, Martin P,
Matheson M, Lowe A, Robinson M, Tey D, Osborne NJ, Dang T, Tina Tan HT,
Thiele L, Anderson D, Czech H, Sanjeevan J, Zurzolo G, Dwyer T, Tang ML,
Hill D, Dharmage SC: Vitamin D insufficiency is associated with challenge-
proven food allergy in infants. J Allergy Clin Immunol 2013, 131:1109-1116.

49.  Weisse K, Winkler S, Hirche F, Herberth G, Hinz D, Bauer M, Roder S, Rolle-
Kampczyk U, von Bergen M, Olek S, Sack U, Richter T, Diez U, Borte M,
Stangl G, Lehmann I: Maternal and newborn vitamin D status and its
impact on food allergy development in the German LINA cohort
study. Allergy 2013, 68:220-228.

50. Liu X, Wang G, Hong X, Wang D, Tsai HJ, Zhang S, Arguelles L, Kumar R, Wang
H, Liu R, Zhou Y, Pearson C, Ortiz K, Schleimer R, Holt PG, Pongracic J, Price HE,
Langman C, Wang X: Gene-vitamin D interactions on food sensitization: a
prospective birth cohort study. Allergy 2011, 66:1442-1448.

51. Peroni DG, Boner AL: Food allergy: the perspectives of prevention using
vitamin D. Curr Opin Allergy Clin Immunol 2013, 1:287-292.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Page 6 of 6

Peroni DG, Piacentini GL, Cametti E, Chinellato |, Boner AL: Correlation
between serum 25 (OH)-vitamin D levels and severity of atopic
dermatitis in children. Br J Dermatol 2012, 164:1078-1082.

Samochocki Z, Bogaczewicz J, Jeziorkowska R, Sysa-Jedrzejowska A, Glirska O,
Karczmarewicz E, McCauliffe DP, Wozniacka A: Vitamin D effects in atopic
dermatitis. / Am Acad Dermatol 2013, 69:238-244.

Akan A, Azkur D, Ginis T, Toyran M, Kaya A, Vezir E, Ozcan C, Ginis Z,
Kocabas CN: Vitamin D level in children is correlated with severity of
atopic dermatitis but only in patients with allergic sensitizations.
Pedliatr Dermatol 2013, 30:359-363.

Cheng HM, Kim S, Park GH, Chang SE, Bang S, Won CH, Lee MW, Choi JH,
Moon KC: Low vitamin D levels are associated with atopic dermatitis, but
not allergic rhinitis, asthma, or IgE sensitization, in the adult Korean
population. J Allergy Clin Immunol 2014, 133(4):1048-1055.

Norizoe C, Akiyama N, Segawa T, Tachimoto H, Mezawa H, Ida H, Urashima M:
Increased food allergy and vitamin D: randomized, double-blind, placebo-
controlled trial. Pediatr Int 2014, 56(1):6-12.

Chiu YE, Havens PL, Siegel DH, Ali O, Wang T, Holland KE, Galbraith SS,
Lyon VB, Drolet BA: Serum 25-hydroxyvitamin D concentration does
not correlate with atopic dermatitis severity. J Am Acad Dermatol
2013, 69(1):40-46.

Hata TR, Audish D, Kotol P, Coda A, Kabigting F, Miller J, Alexandrescu D,
Boguniewicz M, Taylor P, Aertker L, Kesler K, Hanifin JM, Leung DY, Gallo RL:
A randomized controlled double-blind investigation of the effects of
vitamin D dietary supplementation in subjects with atopic dermatitis.

J Eur Acad Dermatol Venereol 2014, 28:781-789.

Wang Q, Zhang W, Li H, Aprecio R, Wu W, Lin Y, Li Y: Effects of
25-hydroxyvitamin D3 on cathelicidin production and antibacterial
function of human oral keratinocytes. Cell Immunol 2013, 283(1-2):45.
Reinholz M, Ruzicka T, Schauber J: Cathelicidin LL-37: an antimicrobial
peptide with a role in inflammatory skin disease. Ann Dermatol 2012,
24:126-135.

Mullins RJ, Clark S, Camargo CA Jr: Regional variation in epinephrine
autoinjector prescriptions in Australia: more evidence for the vitamin
D-anaphylaxis hypothesis. Ann Allergy Asthma Immunol 2009, 103:488-495.
Braegger C, Campoy C, Colomb V, Decsi T, Domellof M, Fewtrell M, Hojsak |,
Mihatsch W, Molgaard C, Shamir R, Turck D, van Goudoever J, ESPGHAN
Committee on Nutrition: Vitamin D in the Healthy Paediatric Population:
A Position Paper by the ESPGHAN Committee on Nutrition. J Pediatr
Gastroenterol Nutr 2013, 56:692-701.

Peroni DG, Bonomo B, Casarotto S, Boner AL, Piacentini GL: How changes
in nutrition have influenced the development of allergic diseases in
childhood. /tal J Pediatr 2012, 31(38):22.

Gupta A, Bush A, Hawrylowicz C, Saglani S: Vitamin D and asthma in
children. Paediatr Respir Rev 2012, 13(4):236-243.

Flohr C, Mann J: New approaches to the prevention of childhood atopic
dermatitis. Allergy 2014, 69(1):56-61. doi:10.1111/all.12343.

doi:10.1186/1939-4551-7-27
Cite this article as: Della Giustina et al.: Vitamin D, allergies and asthma:
focus on pediatric patients. World Allergy Organization Journal 2014 7:27.

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central
J




	Abstract
	General background
	Vitamin D and allergic rhinitis
	Vitamin D, asthma and wheezing
	Vitamin D and steroid resistance
	Vitamin D and asthma exacerbations
	Vitamin D and food allergy
	Vitamin D and atopic dermatitis
	Vitamin D and anaphylaxis
	Concluding remarks

	Competing interests
	Authors’ contributions
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


