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The role of vitamin D in allergic rhinitis 
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Recent studies suggest that vitamin D is related to allergic rhinitis (AR). In this review, we first discuss the physiology and 
metabolism of vitamin D, then we review the function of vitamin D in the immune system, and above all, we highlight the current 
research regarding the role of vitamin D in AR. Finally, we find that there are both experimental and clinical studies showing that 
vitamin D is associated with AR, although the results are not consistent and even conflicting. Evidences from those clinical studies 
show a slightly tendency that serum vitamin D level might be inversely associated with the risk of AR. Meanwhile, it seems that 
gender and age may influence the relationship between vitamin D and AR. However, because of the heterogeneity in defining AR, 
differences in study design and so on, all these findings need to be confirmed by further studies. Additional clinical studies as well 
as experimental research are needed to better understand how vitamin D influences AR.
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BACKGROUND

 Allergic rhinitis (AR) is a symptomatic disorder of the 
nose induced after allergen exposure through IgE-mediated 
inflammation of the membranes lining the nose. AR is a 
global health problem that causes major illness and disability 
worldwide, affecting patients’ social life, sleep, and their school 
and work performance. A 2-step, cross-sectional, population-
based survey in Europe revealed that the prevalence of clinically 
confirmable AR ranged from 16.9%–28.5% in subjects studied 
[1]. Additionally, the self-reported prevalence of AR in eleven 

major cities in mainland China ranged from 8.7%–24.1% [2]. 
Therefore, AR has become a large burden in society worldwide. 
Although clinical practice guidelines for the management of AR 
that have been developed over the past decade have improved 
the care of patients with AR [3, 4], the exact pathogenesis of AR 
remains unclear. It is believed that both environmental factors 
and genetic susceptibility play a role in the etiology of AR. 

Recently, many studies have reported that vitamin D may be 
associated with the development of AR. In this review, we aim 
to discuss the physiology and metabolism of vitamin D, the 
function of vitamin D in the immune system, and above all, we 
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highlight the current research regarding the role of vitamin D in 
AR.

PHYSIOLOGY AND METABOLISM OF VITAMIN D

Vitamin D has long been known to be an essential nutrient for 
the human body, particularly with regard to the absorption of 
dietary calcium and phosphate [5]. Technically, vitamin D is not 
a true vitamin; it belongs to the family of steroid hormones. Its 
nuclear hormone receptor, vitamin D receptor (VDR), is expressed 
in at least seventeen tissues or cells [6, 7]. 

Vitamin D has 2 major forms, cholecalciferol (vitamin D3) and 
ergocalciferol (vitamin D2). Both forms of vitamin D (D2 and D3) 
can be found in foods or supplements; however, only vitamin D3 

is produced in skin [8], and it is the only naturally occurring form 
of vitamin D in humans and other animals [6]. Human vitamin D 
endocrine system includes 3 forms of vitamin D [5, 6], namely 
vitamin D3, calcidiol (25(OH)D3), and calcitriol (1,25(OH)2D3). 

Vitamin D3 is the naturally occurring form of vitamin D, derived 
from either dietary sources or formed from 7-dehydrocholesterol 
(7-DHC or provitamin D3) by the skin. 25(OH)D3 is a prehormone 
in the blood that is made directly from vitamin D3, and it is also 
what is directly tested to measure vitamin D3 in the blood (To 
clarify, 25(OH)D levels usually contain both the vitamin D2 and 
D3 forms). 25(OH)D3 is an active form of vitamin D3. 1,25(OH)2D3, 
which is made from 25(OH)D3, is the hormone form of vitamin D3 
and the most biologically active metabolite of vitamin D3.

Upon exposure to ultraviolet B radiation (wavelengths of 
290–315 nm), 7-DHC transforms into vitamin D3, which enters the 
circulation and binds vitamin D-binding protein. In the classic 
vitamin D3 pathway, vitamin D3 then undergoes hydroxylation in 
the 25-position by vitamin D-25-hydroxylase (25-OHase) in the 
liver to form 25(OH)D3 and in the 1-position by 25-hydroxyvitamin 
D-1-alpha-hydroxylase (1α-OHase) in the kidney (functioning as 
an endocrine gland) to form 1,25(OH)2D3, which is the form that 
promotes intestinal absorption of calcium and phosphate (Fig. 1). 

In the nonclassic vitamin D3 pathway (Fig. 1), other cells that 

Fig. 1. Physiology and metabolism of vitamin D. Upon exposure to ultraviolet B radiation (UVB, wavelengths of 290–315 nm), 7-dehydrocholesterol (7-
DHC) transforms into vitamin D3, which enters the circulation and binds vitamin D-binding protein (VDBP). In the classic vitamin D3 pathway, vitamin 
D3 then undergoes hydroxylation in the 25-position by vitamin D-25-hydroxylase (25-OHase) in the liver to form 25(OH)D3 and in the 1-position 
by 25-hydroxyvitamin D-1-alpha-hydroxylase (1α-OHase) in the kidney (functioning as an endocrine gland) to form 1,25(OH)2D3. In the nonclassic 
vitamin D3 pathway, other cells that also possess the 1α-OHase protein produce 1,25(OH)2D3. 1,25(OH)2D3 enters target cells from the circulation and 
binds to vitamin D receptor (VDR) in the cytoplasm. After binding, they enter the nucleus and heterodimerize with the retinoid X receptor (RXR). The 
1,25(OH)2D3-RXR-VDR complex then binds to vitamin D response elements located on the DNA and initiates biological responses through regulation of 
gene transcription and activation of a variety of signal transduction pathways. PTH, parathyroid hormone.
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also possess the 1α-OHase protein, including cells of the immune 
system, produce the hormonal form of vitamin D3 from 25(OH)
D3, and they respond in an autocrine or paracrine fashion [8, 9]. 
This pathway differs from the classic one in that the extrarenal 
1α-OHase is not regulated by parathyroid hormone and that 
there is no negative feedback of local 1,25(OH)2D3 by circulating 
1,25(OH)2D3. 1,25(OH)2D3 enters target cells from the circulation 
and binds to VDR in the cytoplasm. After binding, they enter the 
nucleus and heterodimerize with the retinoid X receptor (RXR). 
The 1,25(OH)2D3-RXR-VDR complex then binds to vitamin D 
response elements located on the DNA and initiates biological 
responses through regulation of gene transcription and 
activation of a variety of signal transduction pathways at or near 
the plasma membrane [5, 6, 8].

VITAMIN D AND THE IMMUNE SYSTEM

The hormonal form of vitamin D3 has been recognized as 
an immunoregulatory hormone for 30 years [10]. Experimental 
studies have demonstrated that 1,25(OH)2D3 affects a wide range 
of immune cells and cytokines and is associated with many 
immune diseases. 

Previous reports have shown that T cells, B cells, dendritic cells 
(DCs), monocytes, and macrophages are all influenced by the 
regulation of 1,25(OH)2D3 [7, 8, 11-23]. 1,25(OH)2D3 inhibits T-cell 
proliferation [11, 12]; facilitates induction of Foxp3+ T regulatory 
(Treg) cells [13]; suppresses the differentiation, maintenance, 
bioactivity, and transcription of Th17 cells [14, 15]; and induces 
the switch from Th1 to Th2 by decreasing the Th1 response 
via regulation of antigen presenting cells and enhancing Th2 
cell development [16, 17]. Additionally, 1,25(OH)2D3 inhibits the 
proliferation and induces apoptosis of activated B cells, and it 
inhibits plasma cell differentiation and immunoglobulin secretion 
[18], including IgE secretion [19]. The effect of 1,25(OH)2D3 
on DCs is more complicated. 1,25(OH)2D3 interferes with the 
dif ferentiation of DCs from human monocytes, and DCs 
differentiated in the presence of 1,25(OH)2D3 showed inhibited 
immunostimulatory capacity [20]. Thus, 1,25(OH)2D3 leads to the 
development of DCs with tolerogenic properties, as immature 
DCs promote T-cell tolerance; whereas, mature DCs activate naïve 
T cells [8]. In monocytes, 1,25(OH)2D3 increases the effectiveness 
of the antimicrobial activity of freshly isolated monocytes but 
induces monocytes in more mature stages of differentiation to 

exert anti-inflammatory effects [21]. Finally, 1,25(OH)2D3 decreases 
macrophage inflammation and T-cell stimulation [22]. 

What’s more, VDR, 25-OHase, and 1α-OHase are required for 
the activation and direct function of 1,25(OH)2D3, and recent 
studies have detected the expression and production of all of 
these proteins in several immune cells, including lymphocytes, 
monocytes, macrophages, and DCs [7, 23, 24], also suggesting 
that 1,25(OH)2D3 plays a role in the regulation of these immune 
cells.

In addition to its effects on immune cells, 1,25(OH)2D3 also 
modulates a variety of cytokines, some of which may play a key 
role in the pathogenesis of many autoimmune diseases. Although 
conflicting data exist, most studies suggest that Th1-related 
cytokines (e.g., interferon-γ, interleukin [IL]-2, tumor necrosis 
factor-α, IL-12) [25-27] are generally suppressed by exposure to 
1,25(OH)2D3, while Th2-related cytokines (e.g., IL-4, IL-10) [16] are 
upregulated by 1,25(OH)2D3. 

An increasing number of epidemiological studies have linked 
vitamin D levels with allergic disorders, especially asthma. 

In a cross-sectional study of 170 Turkish children (85 asthmatic 
and 85 healthy patients), the mean 25(OH)D3 level in the asthma 
group was significantly different than that of the healthy control 
group, and a decrease in 25(OH)D3 levels increased the severity 
of asthma and decreased the frequency of controlled asthma 
[28]. The result was consistent with another study that consisted 
of 70 Saudi children aged 4–18 years, which showed that 
hypovitaminosis D is highly prevalent among asthmatic children 
and is positively related to asthma severity as compared with 
healthy control children [29]. In another large adult population-
based cohort study conducted in Israel, although no significant 
association between 25(OH)D status and physician-diagnosed 
asthma was found, there was a strong association with asthma 
exacerbations [30]. Lately, Tachimoto et al. [31] reported a 
randomized, double-blind, placebo-controlled trial, which 
compared vitamin D3 supplements (800 IU/day) with placebo for 
2 months in schoolchildren with asthma, and they found that 
asthma control was significantly more improved in the vitamin 
D group compared with the placebo group. However, in another 
latest double-blind, randomized, placebo-controlled study, Kerley 
et al. [32] assessed the role of vitamin D3 supplementation (2,000 
IU/day, 15 weeks) in childhood asthma in Ireland, and they found 
that except for a significant decreased school days missed, no 
other advantageous changes in asthma parameters compared to 
placebo. Results from the above studies were basically consistent 
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with that of the systematic review conducted by Cassim et al. [33] 
recently. They searched articles that measured the association 
between serum vitamin D and asthma incidence, prevalence, 
severity and exacerbations in the PubMed database. Evidence 
suggested that higher serum levels of 25(OH)D were associated 
with a reduced risk of asthma exacerbations, but there was 
little evidence to suggest an association with asthma incidence, 
prevalence or severity.

Studies were also reported in the situation of other allergic 
disorders, and even some autoimmune diseases. In a late 
randomized, double-blind, placebo-controlled parallel-group 
trial, the authors found that vitamin D supplementation during 
pregnancy and infancy reduced the proportion of children 
sensitized to mites at age 18 months [34]. A study from Heimbeck 
et al. [35] suggested that low serum 25(OH)D level was inversely 
associated with prevalence of eczema in German children and 
adolescents. In another study which examined the associations 
between early-life vitamin D levels and the development of 
allergy-related outcomes (eczema, skin prick tests, increased 
allergen-specific IgE level, and doctor’s diagnosis of asthma), 
prenatal 25(OH)D levels were also inversely associated with 
eczema [36]. As for autoimmune diseases, vitamin D deficiency 
was associated with type 1 diabetes mellitus (T1DM) in Egyptian 
children in a case-control study [37], and serum 25(OH)D levels 
were deficient in 75% of the T1DM patients, while the mean levels 
of vitamin D were significantly lower in patients as compared 
to their controls. Another case-control study of Indian patients 
revealed that plasma 25(OH)D3 levels were inversely correlated 
with systemic lupus erythematosus disease activity index 
scores [38]. Additionally, in a cross-sectional study of 66 newly 
diagnosed rheumatoid arthritis (RA) patients in Iran, patients with 
more active RA had lower serum 25(OH)D levels [39]. Literatures 
above suggested that lower serum levels of 25(OH)D/25(OH)D3 
was a risk factor to the prevalence, severity and exacerbations of 
those diseases. 

VITAMIN D IN ALLERGIC RHINITIS

Given the important role of vitamin D in the immune system, 
the potential relationship between vitamin D and AR has received 
much interest in recent years (Fig. 2). 

It is generally agreed that a shift from a Th1 to Th2 phenotype in 
the proliferation of CD4+ T cells contributes to the pathogenesis 

of AR; however, the exact mechanism is still under investigation. 
Recent studies indicate that Th17 and Treg cells are important in 
the disease course of AR [40]. As previously summarized, vitamin 
D inhibits the proliferation of T cells; induces a switch from Th1 
to Th2 by enhancing the development of Th2 cells; facilitates the 
induction of Foxp3+ Treg cells; and suppresses the differentiation, 
maintenance, bioactivity, and transcription of Th17 cells. These 
data indicate there is a relationship between vitamin D and AR 
morbidity. 

As with epidemiological and clinical studies that have found an 
association between vitamin D levels and previously mentioned 
allergic disorders/autoimmune diseases, recent reports suggest 
a relationship between vitamin D levels and the incidence of AR 
in different ethnic groups, although different studies may have 
some difference in defining AR. Hyppönen et al. [41] investigated 
the associations between infant vitamin D supplementation and 
allergic conditions in adulthood using a cohort of subjects born 
in 1966 in Finland. They found that the prevalence of AR (They 
defined AR when participants reported allergic cold—related 
to contact with animals or pollen, e.g., hay fever—during the 
past 12 months.) at age 31 years was higher in participants who 
had received vitamin D supplementation regularly during the 
first year of their life compared to those who had not received 
supplementation. In another subsequent study, Wjst and 
Hyppönen [42] analyzed the association between serum 25(OH)
D3 levels and AR prevalence (AR was defined by the question 
“Did a doctor ever tell you had hay fever?”) in adults using the 
Third National Health and Nutrition Examination Survey (NHANES 
III) study in Germany, and found that AR prevalence increased 
with levels of 25(OH)D3 in all subgroups (divided by 25(OH)D3 
quartile level) and following adjustments for sex, geographical 
region, and month of examination. Findings from these 2 reports 
suggested that vitamin D supplementation in infancy or high 
levels of 25(OH)D3 was positively related to AR prevalence in 
adults. 

Nonetheless, it seems more contradictory results have been 
reported as well. For example, Bunyavanich et al. [43] reported 
their study of 1,248 mother-child pairs from a US prebirth cohort 
unselected for any disease, and they found that each 100 IU/
day of food-based vitamin D intake during the first and second 
trimesters was associated with 21% and 20% reduced odds of 
ever AR at school age (Ever AR at school age was defined as 
positive if a mother answered yes to “Have you ever been told by 
a health care professional, such as a doctor, physician assistant or 
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Evidence from the lab

Vitamin D Allergic rhinitis 

Vitamin D may decrease AR-related in�ammation Vitamin D may lead to AR

Vitamin D inhibits the
proliferation of T cells

Vitamin D facilitates the induction
of Foxp3+ Treg cells

Vitamin D suppresses the di�erentiation,
maintenance, bioactivity, and transcription
 of Th17 cells

Vitamin D induces a switch from
Th1 to Th2 by enhancing the
development of Th2 cells

Evidence from clinical trials

Con�icts in women and men Con�icts in adults and children

Positively < Inversely

Vitamin D level positively
related to AR rksk:
Hyppönen et al. [41] 
Wjst et al. [42]
Mai et al. [48] (in women)

Vitamin D level inversely
related to AR risk:
Bunyavanich et al. [43] 
Dogru et al. [44]
Bener et al. [45]
Jung et al. [46]
Mai et al. [48] (in men)             .  
             .    

nurse practitioner, that your child has hay fever, seasonal allergies 
or AR (runny nose due to allergies)?” at the school-age interview.), 
respectively. But there were no associations between maternal 
supplemental vitamin D intake or serum 25(OH)D levels at any 
time point with ever AR. Dogru and Suleyman [44] compared 
the serum 25(OH)D3 levels in children with AR (AR was classified 
according to the Allergic Rhinitis and its Impact on Asthma [ARIA] 
2008 guidelines.) or nonallergic rhinitis (NAR) with the control 
group, and they found the mean serum 25(OH)D3 levels of the 
children both with AR and NAR were lower than control group. 
But they did not find any relationship between 25(OH)D3 levels 
and the severity and duration of AR. A cross-sectional study 
conducted in Qatar found that 25(OH)D deficiency significantly 
correlated with AR (No specific description of AR definition was 
found in the article.) in children [45]. Another study, using data 
from the fourth annual Korean National Health and Nutrition 
Examination Survey (2009), revealed that the mean 25(OH)D level 
of the AR (Participants were determined as having AR when they 
answered ‘yes’ to the survey item ‘AR diagnosed by a doctor.’) 
group was lower than that of the non-AR group, even after 
adjusting for body mass index (BMI), smoking status, age, sex, sun 
exposure, income quartile, exercise, and body fat percentage [46]. 
In another study in Iran, Arshi et al. [47] measured the 25(OH)D 

levels in patients with AR (AR patients were diagnosed clinically 
using ARIA 2008 criteria during a medical visit.) and compared 
the results with the general population (no control group), they 
found prevalence of severe 25(OH)D deficiency was significantly 
higher in AR patients than the normal population. Also women 
with AR had lower 25(OH)D levels. Interestingly, Mai et al. [48] 
recently reported results from the HUNT study (the Nord-
Trøndelag Health Study), which found that vitamin D appeared 
to play different roles in the development of AR (AR was self-
reported according to the questions: “Do you have or have you 
had allergic rhinitis or hay fever?”) among men and women 
in Norway. In this Norwegian adult population who reported 
no AR at baseline, they found that lower serum 25(OH)D levels 
were associated with an increased risk of AR among men but a 
reduced risk of AR among women, especially premenopausal 
women. 

In addition, there are also studies that have found no 
associations between vitamin D intake [49] in midpregnancy and 
child AR (AR was self-reported according to questionnaires.), or 
between serum 25(OH)D levels [50] and AR (AR was defined by 
the question: “Have you been diagnosed with AR by a doctor?”).

We can see from the above studies that only 2 studies [44, 
47] defined AR according to ARIA, and both of them reported 

Fig. 2. The potential relationship between vitamin D and allergic rhinitis (AR).
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negative association between vitamin D levels and AR. Almost 
all the other studies were self-reported AR by questions or 
questionnaires [41-43, 46, 48-50] (No specific description of AR 
definition was found in one study [45].), among them, three 
articles reported negative association between vitamin D levels 
and AR, while 2 reported positive association and another 2 
reported no association between vitamin D levels and AR. 
Actually, not only there are differences in defining AR, some 
of the studies are interventional ones that concern vitamin 
D supplementation/intake during infancy [41] or mother’s 
pregnancy [43, 49], while some others are observational ones 
[42, 44-48, 50] which only detect the association between 
serum vitamin D level and AR. Taken the current 3 interventional 
studies [41, 43, 49] together, we find that infant vitamin D 
supplementation may be associated with risk of adulthood AR [41], 
but maternal food-based vitamin D intake rather than vitamin D 
supplementation may reduce the risk of childhood AR [43, 49]. 
These results are too obscure to draw any conclusions, but we 
figure that maternal vitamin D intake (food-based) might reduce 
the risk of childhood AR, while infant and maternal vitamin D 
supplementation might do no good to reduce AR (in adulthood 
and in childhood, respectively). Likewise, it is also difficult to draw 
any simple conclusions in the situation of current observational 
studies.   

Besides of the heterogeneity in definition of AR and vitamin 
D supplementation/intake or not, we consider that there may 
be some other reasons for the controversy of current studies 
regarding the relationship between AR and vitamin D, and they 
are as follows: (1) Experimental data support a link between 
vitamin D and AR; however, the exact mechanism of how vitamin 
D influences the pathogenesis of AR is unclear. Vitamin D inhibits 
the proliferation of T cells, facilitates the induction of Foxp3+ Treg 
cells, and suppresses the differentiation, maintenance, bioactivity, 
and transcription of Th17 cells, suggesting that vitamin D may 
decrease AR-related inflammation. However, vitamin D also shifts 
the Th1/Th2 balance towards Th2, which suggests vitamin D may 
lead to AR (Fig. 2). Further research is needed to help determine 
which of these effects is most important, as well as whether the 
timing of these mechanisms influences the development of AR. (2) 
Conflicting conclusions exist regarding the relationship between 
vitamin D levels and the risk of AR in women and men [48] as 
well as in adults and children [42, 44, 45] (Fig. 2). It is possible 
that gender and age may influence the relationship between 
vitamin D and AR. (3) Different study designs can lead to different 

conclusions. Results from current literatures were obtained from 
cohort studies, cross-sectional studies and case-control studies. 
Meanwhile, more studies detected 25(OH)D levels while the 
others tested 25(OH)D3 levels by using different methods, and 
some studies focused on vitamin D intake while some researched 
vitamin D deficiency. 

Despite the conflicts, we consider evidences from present 
clinical trials suggest a slightly tendency that serum vitamin D 
level might be inversely associated with the risk of AR versus the 
opposite conclusion (Fig. 2). Nonetheless, more well-designed 
studies are needed to complement the current ones to further 
investigate the relationship between vitamin D levels and AR, 
and the potential influence of other factors on this relationship, 
since AR is a complex disease with a varying course and severity, 
which often occurs in conjunction with other immune diseases, 
and vitamin D levels are influenced by numerous factors, such as 
sunshine, diet, BMI, accompanying diseases, or skin color. 

In addition to environmental influences, genetic susceptibility 
is also a determining factor in the etiology of AR, and there 
may be a genetic role in the effect of vitamin D on AR. There is 
supporting evidence for this hypothesis: (1) Vitamin D exerts its 
function through the vitamin D endocrine system, which includes 
VDR, 25-OHase, and 1α-OHase. Genetic differences may affect 
how vitamin D and the vitamin D endocrine system influence the 
development and severity of AR in different individuals. (2) Genes 
of some members of the vitamin D endocrine system map to the 
susceptibility loci for allergic diseases according to genome-wide 
linkage analysis [51]. (3) Gene polymorphisms of some members 
of the system are associated with susceptibility to other immune 
diseases such as asthma [52], which has a similar pathogenesis as 
AR. In fact, in our recent study, we have found that age and sex 
may have an impact on the association of 3 single nucleotide 
polymorphisms (rs2228570, rs731236, and rs2060793) in genes of 
the vitamin D pathway with the risk of mite-sensitized persistent 
AR in a Chinese population [53]. We believe more genetic studies 
investigating the association between vitamin D and AR are also 
needed and may shed new light on the etiology of AR.

CONCLUSIONS 

Vitamin D is a steroid rather than a vitamin with a complicated 
endocrine system that allows the active form of vitamin D to 
function properly in human body. Vitamin D is a regulatory factor 
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in the human immune system, and many immune diseases are 
related to vitamin D levels. Both experimental and clinical studies 
have shown that vitamin D is associated with AR, although 
the results are not consistent and even conflicting. Evidences 
from those clinical studies show a slightly tendency that serum 
vitamin D level might be inversely associated with the risk of 
AR. Meanwhile, it seems that gender and age may influence the 
relationship between vitamin D and AR. All these findings need 
to be confirmed by more studies. Genetically, the vitamin D 
endocrine system may have an association with AR, which may 
also influence the etiology of AR. Additional studies are needed 
to better understand how vitamin D influences AR.
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