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Vitamin D Deficiency and Allergic Rhinitis in Children: A Narrative Review
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Context: Allergic diseases such as allergic rhinitis (AR) and immune-mediated inflammatory diseases are the most common chronic 
diseases among children. Although the cause of AR has yet to be clearly identified, genetic and environmental factors are known to play an 
important role in the development of the disease. 
Evidence Acquisition: In a more recent classification, AR is categorized as intermittent and permanent. Vitamin D has a known and 
important role in the absorption of calcium and preservation of bone density. The prevalence of vitamin D deficiency in children is 
reported to be between 30% and 50% in the world. Vitamin D confers the growth and development of the immune system including the 
development of regulatory T cells.
Results: Two-thirds of the reviewed articles show a correlation between serum levels of vitamin D and allergic diseases, while the reaming 
ones demonstrate no correlation between vitamin D and AR and some even report a rise in the incidence of AR following the use of vitamin 
D supplement.
Conclusions: It seems that further clinical trials and meta-analytic studies are necessary to confirm this correlation. The present study 
aimed at reviewing vitamin D deficiency in children with AR.
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1. Context

1.1. Allergic Rhinitis

Allergic rhinitis (AR) is one of the most common chron-
ic diseases in children characterized by the symptoms of 
nasal congestion, rhinorrhea, sneezing, and nasal itching 
(1). Although AR is not a life-threatening disease, it has a 
significant influence on the quality of life of the patients 
and imposes a great economic burden on family and so-
ciety. Several disorders such as hypochondriasis, hyste-
ria, depression, psychasthenia, and social introversion 
are more frequent among allergic patients than in the 
general population (1). Because of geographical and aero-
allergen differences, the prevalence of AR varies among 
countries around the world (2-5).

Even though the cause of AR has not been clearly iden-
tified, genetic, and environmental factors are known to 
play an important role in the development of the disease 
(6). For example, FOXP33279 AA genotype is more com-
mon in AR patients. Also, there is a higher association be-
tween polymorphism in FOXP3 gene and susceptibility to 

AR (7). In a more recent classification, AR is categorized as 
mild-intermittent, moderate-severe intermittent, mild-
persistent, and moderate-severe persistent (Figure 1) (8).

AR is a type-I immunologic reaction characterized by 
watery rhinorrhea, sneezing, nasal congestion, and itch-
ing. The prevalence of the disease has increased during 
the last decades (Figures 2 A and 2 B) (9, 10).

According to an evaluation by the international study of 
asthma and allergy in childhood (ISAAC), the prevalence 
of AR was 11.9% among Iranian children aged 6 - 7 years 
and 21.2% in children aged 13 - 14 years, with an average of 
17.13% (10). The prevalence of AR is relatively high in the 
rural areas of Iran (18.1%) (6). Late complications of AR in-
clude sleep apnea, oral breathing, malocclusion of jaws, 
and infectious and/or serous otitis media. As is shown 
in Figure 3, from Bousquet et al. (11) and Table 1 (9), the 
treatment of AR, in the first step, is to avoid exposure to 
sensitizing agents. Drug therapies are composed of an-
tihistamine, intranasal corticosteroids, decongestants, 
and finally immunotherapy (9, 11).
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1.2. Vitamin D
Vitamin D plays a known and important role in the ab-

sorption of calcium and preservation of bone density. 
Vitamin D deficiency results in rickets in children. It 
is estimated that about one billion people suffer from 
vitamin D deficiency around the world (12). The preva-
lence of vitamin D deficiency in children is reported to 
be between 30% and 50% in the world (13, 14). Vitamin D 
contributes to the growth and development of the im-
mune system, including the development of regulatory 
T cells. It provides a balance between Th1 and Th2 cells, 
dendritic cells, and Th17 cells in the embryonic period. 
It also has an important role in the growth and develop-
ment of the lungs after birth or in newborns, which is 
influenced by the proliferation of the respiratory tract 
smooth muscles and the decrease in the inflammatory 
process of these muscles. Vitamin D can decrease the in-
cidence of the inflammatory and infectious diseases of 
the respiratory tract, improve the lung function, lessen 
the sensitivity of the respiratory tract response, and al-
leviate hypersensitivity to aeroallergens and diet (15, 16).

The most active metabolite of vitamin D is 1, 25-dihy-
droxyvitamin D (calcitriol), which has a known effect on 
the immune system and airway functions. Ninety per-
cent of vitamin D is produced following exposure to sun-
light (UVB). The serum level of 25-dihydroxyvitamin D is 
an established biomarker for determining vitamin D sta-
tus (17). However, multiple studies have shown a relation 
between vitamin D levels and atopic disorders (18-21).

1.3. Vitamin D and Immune System
The role of vitamin D in the regulation of the immune 

system was first recognized through the identification 
of vitamin D receptors on nearly all cells of the im-
mune system (22, 23). Vitamin D impacts both innate 
and adaptive immune systems. It blocks the expression 
of the Toll-like receptor (TLR) on monocytes, inhibits 
proinflammatory cytokine production, induces antimi-
crobial peptide synthesis, and affects T-cell activation 
and function of antigen-presenting cells. It may reduce 
Th1 cytokine secretion, with there being reports of both 
increased and decreased expressions of Th-2 cytokines 
IL-4, IL-5, and IL-10, and modulate the immune system 
through the induction of Cd4+ CD25+ regulatory T cells 
(Tregs) (24-28).

It can be concluded that the immunomodulatory effect 
of vitamin D may influence allergic illnesses positively. 
The aim of this study was to review vitamin D deficiency 
in children with AR.

2. Evidence Acquisition
To review vitamin D deficiency and AR, as an im-

mune-mediated inflammatory disease in children, we 
searched several databases such as PubMed and Google 
Scholar using the following keywords: vitamin D defi-

ciency, allergic rhinitis, and children. We considered 
abstract and/or full text papers in the English language 
without a limited time. Herein, the qualitative results 
derived from the reviewed articles are presented and 
discussed.

3. Results

3.1. A Review of Literature Related to Vitamin D 
Deficiency and Allergic Rhinitis

Vitamin D deficiency may have a role in increasing the 
prevalence of allergic diseases such as AR. Also, it has been 
estimated that allergic diseases may be related to lower se-
rum concentrations of 25-hydroxyvitamin D (29-31).

Some studies have revealed a correlation between vita-
min D deficiency and allergic diseases (15, 29-32), while 
some others have found no association between these 
two variables (33, 34).

In a study by Bener et al. the prevalence of vitamin D de-
ficiency among patients with AR was 18.5% versus 10.5% in 
healthy people. AR has been reported more frequently in 
children with higher sunlight exposure despite receiving 
more vitamin D. Additionally, a higher correlation has 
been reported between AR and asthma in children receiv-
ing cod liver supplement (34, 35). Furthermore, vitamin 
D deficiency is more common in the mothers of children 
with AR than in healthy children (35, 36).

It is a fact that vitamin D status is dependent on expo-
sure to the sun and duration of exposure, diet and sup-
plement use, latitude, season, age, skin color, and cover-
age of the skin. Vitamin D deficiency is also associated 
with dark-colored skin and low exposure to sun light (37).

A study by Ehlayel et al. showed that a reduced vitamin 
D serum level was more frequent among children with 
allergic diseases, although they had a higher serum IgE 
level. The incidence of severe vitamin D deficiency was 
significantly higher in children with AR than in healthy 
children (38).

In summary, vitamin D plays an important role in de-
creasing sensitivity to allergens. Previous studies have 
revealed that sensitivity to allergens is higher among 
children with vitamin D deficiency. Vitamin D deficiency 
is also associated with increased serum IgE levels (30). 
The results of previous therapeutic studies on allergic 
diseases such as AR have demonstrated that the use of 
vitamin D supplement can decrease the severity of al-
lergic diseases. This also indicates a correlation between 
vitamin D and allergic diseases. Researchers have found 
significant correlations between the severity of obesity, 
weight gain, and allergic diseases. Allergic diseases are 
more common in obese children and children with 
weight gain because in these subjects, the levels of adi-
ponectin and vitamin D decrease, whereas the level of 
leptin increases (39). 

Recent cohort studies have shown different results 
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about the association between maternal vitamin D in-
take during pregnancy and the risk of childhood aller-
gic diseases (40-42). In a study by Erkkola et al. it was 
concluded that increasing maternal vitamin D intake 
during pregnancy was inversely associated with aller-
gic diseases in 5-year-old children and with decreasing 
asthma and AR in the childhood period (43). A primary 
study in 1966 showed that the use of vitamin D supple-
ment by the first year of life caused increased risk of 
allergic diseases like AR at the age of 31 years (44). In 
contrast, Wawro and Hollams found no relation be-
tween serum levels of 25-hydroxyvitamin D and AR 
in children (45, 46). Likewise, Yao et al. found no cor-

relation between allergic diseases and serum levels of 
25-hydroxyvitamin D among Asian children (47). Inter-
estingly, Rothers et al. demonstrated that lower serum 
concentrations of vitamin D in the blood cord of the 
fetus were associated with the increasing prevalence 
of AR and aeroallergen sensitization in children (48). 
Wjst et al. showed that there was a relation between in-
creased AR and low levels of vitamin D (49).

The limitation of the present review is that it is a nar-
rative study. Accordingly, future systematic and/or 
meta-analytic studies are required to fully investigate 
the association between AR and vitamin D deficiency in 
childhood (50).

Intermittent
   less than 4 days/weeks

   Or less than 4 weeks

Mild
Normal sleep and
           - No impariment of
             daily activities,
              sports, leisure

            - Normal school and
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Moderate/ severe

 One or more items
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Figure 1. Allergic Rhinitis and Its Impact on Asthma (ARIA) Classification of Allergic Rhinitis

Figure 2. A and B, Immunologic Reaction Pathway in Allergic Rhinitis
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Figure 3. Recommendations of the Allergic Rhinitis and Its Impact on Asthma (ARIA) Update
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Table 1. Pharmacotherapy and Immunotherapy for Allergic Rhinitis

Type of Symptoms Recommended Treatment Options

Episodic symptoms Oral or nasal H1-antihistamine, with oral or nasal decongestant if needed

Mild symptoms, seasonal or perennial Intranasal glucocorticoids, oral or nasal H2-antihistamine, or leukotriene-receptor 
antagonist (e.g. montelukast)

Moderate-to-severe symptoms
Intranasal glucocorticoids, intranasal glucocorticoids plus nasal H1-antihistamine, or 
allergen immunotherapy administered subcutaneously or sublingually (the latter for 

grass or ragweed only)

4. Conclusions
Our findings revealed that two-thirds of the reviewed ar-

ticles in the existing literature show an association between 
serum levels of vitamin D and allergic diseases, while the 
remaining ones have reported no correlation between vita-

min D and AR and some have even demonstrated a rise in 
the incidence of AR following the use of vitamin D supple-
ment. It seems that further clinical trials and meta-analytic 
studies are necessary to confirm this correlation. 



Ghaffari J et al.

5J Pediatr Rev. 2015;3(2):e2623

References
1.       Ghaffari J, Jalili M, Mehrinejad SA. Comparison between psycho-

logical traits of patients with various atopic allergic diseases and 
healthy volunteers: A case-control study. Indian J Allergy Asthma 
Immunol. 2013;27(1):42-6.

2.       Lima RG, Pastorino AC, Casagrande RR, Sole D, Leone C, Jacob 
CM. Prevalence of asthma, rhinitis and eczema in 6 - 7 years old 
students from the western districts of Sao Paulo City, using the 
standardized questionnaire of the "International Study of Asth-
ma and Allergies in Childhood" (ISAAC)-phase IIIB. Clinics (Sao 
Paulo). 2007;62(3):225–34.

3.       Romano-Zelekha O, Graif Y, Garty BZ, Livne I, Green MS, Shohat T. 
Trends in the prevalence of asthma symptoms and allergic dis-
eases in Israeli adolescents: results from a national survey 2003 
and comparison with 1997. J Asthma. 2007;44(5):365–9.

4.       Sly RM. Changing prevalence of allergic rhinitis and asthma. Ann 
Allergy Asthma Immunol. 1999;82(3):233–48.

5.       von Mutius E, Weiland SK, Fritzsch C, Duhme H, Keil U. Increas-
ing prevalence of hay fever and atopy among children in Leipzig, 
East Germany. Lancet. 1998;351(9106):862–6.

6.       Mohammadzadeh I, Jafarian A, Ghaffari J, Alizadeh-navaei R. The 
Prevalence of Allergy symptoms in Students in Rural area. Cas-
pian J Pediatr April. 2014;1(1):17–20.

7.       Hassannia H, Abediankenari S, Ghaffari J.  FOXP3 and TGF-β 
Gene Polymorphisms in Allergic Rhinitis Iran. J Immunol. 
2011;8(4):218–25.

8.       Milgrom H, Donald YML. Allergic Rhinitis. In: Behrman R, Klieg-
man R, Jenson N, editors. Textbook Of Pediatrics. 19th  ed. Philadel-
phia:  Elsevier Saunders; 2011. pp. 775–80.

9.       Solomon CG, Wheatley LM, Togias A. Allergic Rhinitis. N England J 
Med. 2015;372(5):456–63.

10.       Mohammadzadeh J, Barari-Savadkoohi R, Alizadeh-Navaei R. The 
prevalence of allergic rhinitis in Iranian children: A systematic 
review and descriptive meta-analysis. J Pediatr Rev. 2013;1(2):19–24.

11.       Bousquet J, Khaltaev N, Cruz AA, Denburg J, Fokkens WJ, Togias 
A, et al. Allergic Rhinitis and its Impact on Asthma (ARIA) 2008 
update (in collaboration with the World Health Organization, 
GA(2)LEN and AllerGen). Allergy. 2008;63 Suppl 86:8–160.

12.       Holick MF. Vitamin D deficiency. N Engl J Med. 2007;357(3):266–81.
13.       Marwaha RK, Tandon N, Reddy DR, Aggarwal R, Singh R, Sawh-

ney RC, et al. Vitamin D and bone mineral density status 
of healthy schoolchildren in northern India. Am J Clin Nutr. 
2005;82(2):477–82.

14.       El-Hajj Fuleihan G, Nabulsi M, Choucair M, Salamoun M, Hajj Sha-
hine C, Kizirian A, et al. Hypovitaminosis D in healthy schoolchil-
dren. Pediatrics. 2001;107(4):E53.

15.       Litonjua AA. Childhood asthma may be a consequence of vita-
min D deficiency. Curr Opin Allergy Clin Immunol. 2009;9(3):202–7.

16.       Litonjua AA. Vitamin D and Asthma. CML Respir Med. 2010;24(1-9)
17.       Bozzetto S, Carraro S, Giordano G, Boner A, Baraldi E. Asthma, 

allergy and respiratory infections: the vitamin D hypothesis. Al-
lergy. 2012;67(1):10–7.

18.       Searing DA, Leung DY. Vitamin D in atopic dermatitis, asthma and 
allergic diseases. Immunol Allergy Clin North Am. 2010;30(3):397–409.

19.       Mutgi K, Koo J. Update on the role of systemic vitamin D in atopic 
dermatitis. Pediatr Dermatol. 2013;30(3):303–7.

20.       Jones AP, Tulic MK, Rueter K, Prescott SL. Vitamin D and al-
lergic disease: sunlight at the end of the tunnel? Nutrients. 
2012;4(1):13–28.

21.       Litonjua AA. Vitamin D deficiency as a risk factor for childhood 
allergic disease and asthma. Curr Opin Allergy Clin Immunol. 
2012;12(2):179–85.

22.       Cantorna MT, Zhu Y, Froicu M, Wittke A. Vitamin D status, 1,25-di-
hydroxyvitamin D3, and the immune system. Am J Clin Nutr. 
2004;80(6 Suppl):1717S–20S.

23.       Baeke F, Takiishi T, Korf H, Gysemans C, Mathieu C. Vitamin 
D: modulator of the immune system. Curr Opin Pharmacol. 
2010;10(4):482–96.

24.       Sadeghi K, Wessner B, Laggner U, Ploder M, Tamandl D, Friedl J, 
et al. Vitamin D3 down-regulates monocyte TLR expression and 
triggers hyporesponsiveness to pathogen-associated molecular 

patterns. Eur J Immunol. 2006;36(2):361–70.
25.       Adams JS, Hewison M. Unexpected actions of vitamin D: new per-

spectives on the regulation of innate and adaptive immunity. 
Nat Clin Pract Endocrinol Metab. 2008;4(2):80–90.

26.       Khoo AL, Chai LY, Koenen HJ, Sweep FC, Joosten I, Netea MG, et 
al. Regulation of cytokine responses by seasonality of vitamin D 
status in healthy individuals. Clin Exp Immunol. 2011;164(1):72–9.

27.       Chambers ES, Hawrylowicz CM. The impact of vitamin D on regu-
latory T cells. Curr Allergy Asthma Rep. 2011;11(1):29–36.

28.       Boonstra A, Barrat FJ, Crain C, Heath VL, Savelkoul HF, O'Garra 
A. 1alpha,25-Dihydroxyvitamin d3 has a direct effect on naive 
CD4(+) T cells to enhance the development of Th2 cells. J Immu-
nol. 2001;167(9):4974–80.

29.       Litonjua AA, Weiss ST. Is vitamin D deficiency to blame for the 
asthma epidemic? J Allergy Clin Immunol. 2007;120(5):1031–5.

30.       Sandhu MS, Casale TB. The role of vitamin D in asthma. Ann Al-
lergy Asthma Immunol. 2010;105(3):191–9.

31.       Weiss ST, Litonjua AA. Maternal diet vs lack of exposure to sun-
light as the cause of the epidemic of asthma, allergies and other 
autoimmune diseases. Thorax. 2007;62(9):746–8.

32.       Alyasin S, Momen T, Kashef S, Alipour A, Amin R. The relationship 
between serum 25 hydroxy vitamin d levels and asthma in chil-
dren. Allergy Asthma Immunol Res. 2011;3(4):251–5.

33.       Devereux G, Litonjua AA, Turner SW, Craig LC, McNeill G, Martin-
dale S, et al. Maternal vitamin D intake during pregnancy and 
early childhood wheezing. Am J Clin Nutr. 2007;85(3):853–9.

34.       Hughes AM, Lucas RM, Ponsonby AL, Chapman C, Coulthard 
A, Dear K, et al. The role of latitude, ultraviolet radiation ex-
posure and vitamin D in childhood asthma and hayfever: 
an Australian multicenter study. Pediatr Allergy Immunol. 
2011;22(3):327–33.

35.       Bener A, Ehlayel MS, Bener HZ, Hamid Q. The impact of Vitamin D 
deficiency on asthma, allergic rhinitis and wheezing in children: 
An emerging public health problem. J Family Community Med. 
2014;21(3):154–61.

36.       Tolppanen AM, Sayers A, Granell R, Fraser WD, Henderson J, Law-
lor DA. Prospective association of 25-hydroxyvitamin d3 and d2 
with childhood lung function, asthma, wheezing, and flexural 
dermatitis. Epidemiology. 2013;24(2):310–9.

37.       Webb AR. Who, what, where and when-influences on cutaneous 
vitamin D synthesis. Prog Biophys Mol Biol. 2006;92(1):17–25.

38.       Ehlayel MS, Bener A, Sabbah A. Is high prevalence of vitamin D 
deficiency evidence for asthma and allergy risks? Eur Ann Allergy 
Clin Immunol. 2011;43(3):81–8.

39.       Endocrine Society. Vitamin D deficiency may raise allergy and asth-
ma risk in obese children, teens Science Daily. 2013. Available from: 
www.sciencedaily.com/releases/2013/06/130617111128.htm.

40.       Camargo CJ, Rifas-Shiman SL, Litonjua AA, Rich-Edwards JW, 
Weiss ST, Gold DR, et al. Maternal intake of vitamin D during 
pregnancy and risk of recurrent wheeze in children at 3 y of age. 
Am J Clin Nutr. 2007;85(3):788–95.

41.       Devereux G, Litonjua AA, Turner SW, Craig LCA, McNeill G, Mar-
tindale S, et al. Maternal vitamin D intake during pregnancy and 
early childhood wheezing. Am J Clin Nutr. 2007;85(3):853–9.

42.       Gale CR, Robinson SM, Harvey NC, Javaid MK, Jiang B, Martyn CN, 
et al. Maternal vitamin D status during pregnancy and child out-
comes. Eur J Clin Nutr. 2008;62(1):68–77.

43.       Erkkola M, Kaila M, Nwaru BI, Kronberg-Kippila C, Ahonen S, Ne-
valainen J, et al. Maternal vitamin D intake during pregnancy is 
inversely associated with asthma and allergic rhinitis in 5-year-
old children. Clin Exp Allergy. 2009;39(6):875–82.

44.       Hypponen E, Sovio U, Wjst M, Patel S, Pekkanen J, Hartikainen AL, 
et al. Infant vitamin d supplementation and allergic conditions 
in adulthood: northern Finland birth cohort 1966. Ann N Y Acad 
Sci. 2004;1037:84–95.

45.       Wawro N, Heinrich J, Thiering E, Kratzsch J, Schaaf B, Hoffmann 
B, et al. Serum 25(OH)D concentrations and atopic diseases at age 
10: results from the GINIplus and LISAplus birth cohort studies. 
BMC Pediatr. 2014;14:286.

46.       Hollams EM, Hart PH, Holt BJ, Serralha M, Parsons F, de Klerk NH, 
et al. Vitamin D and atopy and asthma phenotypes in children: a 
longitudinal cohort study. Eur Respir J. 2011;38(6):1320–7.



Ghaffari J et al.

J Pediatr Rev. 2015;3(2):e26236

47.       Yao TC, Tu YL, Chang SW, Tsai HJ, Gu PW, Ning HC, et al. Subopti-
mal vitamin D status in a population-based study of Asian chil-
dren: prevalence and relation to allergic diseases and atopy. PLoS 
One. 2014;9(6):e99105.

48.       Rothers J, Wright AL, Stern DA, Halonen M, Camargo CJ. Cord 
blood 25-hydroxyvitamin D levels are associated with aeroaller-
gen sensitization in children from Tucson, Arizona. J Allergy Clin 

Immunol. 2011;128(5):1093–9 e1-5.
49.       Wjst M, Hypponen E. Vitamin D serum levels and allergic rhini-

tis. Allergy. 2007;62(9):1085–6.
50.       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 Sur-
vey 2005-2006. J Allergy Clin Immunol. 2011;127(5):1195–202.


