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Abstract  

Background and objective: The role of vitamin D as an immunomodulator is well established. However, vitamin D 

levels in the body are influenced by many factors, including exposure to the sun, diet deficiency, and genetics. Clinical 

trials have been carried out to study the relationship between vitamin D deficiency and allergies. However, research is 

still required to determine if vitamin D supplements can control these hypersensitivity reactions. This study aims to 

determine vitamin D deficiency exacerbates allergies, and increasing the level can control these allergies or make them 

worse.  

Material and Method: Papers were extracted from the following databases: PubMed and NCBI, and their results were 

compared to find out a link between possible exacerbation of allergic reactions and vitamin-D deficiency, insufficiency, 

or toxicity.  

Results: Almost all studies indicated that allergic conditions are more pronounced when the patient shows low serum 

vitamin-D levels. However, only a few studies showed that supplementation can help decrease allergy symptoms. There 

was one study that indicated sensitization being more pronounced with vitamin-D toxicity. Limitations: Papers were 

heterogeneous in clinical trials or reviews, so it was not easy to perform statistical analysis. Some studies showed results 

for a particular country only.  

Conclusion: A majority of existing literature confirmed a connection between low serum vitamin D levels and 

worsening of allergic reactions. However, there is weak evidence that supplementation (Cholecalciferol - 1000 IU) can 

improve these conditions. Further research needs to be conducted in order to establish the dose of Cholecalciferol for 

particular allergic reactions.  
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Introduction 

Hypersensitivity reactions characterized by a Th2/IgE 

dominated inflammation are commonly known as 

"allergies" in layman's terms. Common hypersensitivity 

reactions like asthma and eczema have seen a rise in the 

last few decades all over the world1. There is evidence 

that supports the role of vitamin D in immunomodulation 

and lung development that partly explains the rise of 

allergic (atopic) reactions2. Bronchial asthma, food 

allergies, allergic rhinitis, eczema, and even anaphylaxis 

are more common now than in the last decade3.  

Hypersensitivity reactions, as well as the novel 

coronavirus disease or COVID-19, have also been found 

to be linked with less sun exposure, or they seem to 

exacerbate during winter months when 25-

hydroxyvitamin D concentrations are the lowest4. 

Although evidence is carefully controlled experiments 

that prove the role of vitamin D in allergic reactions, 

clinical trials are required to determine if vitamin D 

supplements should be prescribed in such disorders3.   

These reactions are more pronounced in children than 

adults, which shows their relationship with low serum 

vitamin D levels right from birth. Early sensitizations to 

allergens in children have been found to be reduced if 

mothers are given supplements during pregnancy5. In 

addition to omega 3 PUFAs and folate, these also include 
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vitamin D supplements. Vitamin D has also been found 

to activate certain immunological cells, including Type-1 

T helper cells, B cells and neutrophils that suppress the 

adapted immune system by producing different 

inflammatory cytokines6. In addition, it has been 

observed that vitamin D metabolism is carried out by 

immune cells in which 25(OH)D3 is converted into 

1,25(OH)2D3 locally7. 1,25(OH)2D3 is the active form of 

this nutrient. Furthermore, vitamin D has been observed 

to have an inhibitory action on the adaptive immune 

system8. 

Any disease related to allergy in the human body is the 

result of genetics and environmental exposure1,9. Allergic 

reactions like asthma have been found to be more 

prevalent in urbanized communities. It has been 

predicted that the percentage of the population 

worldwide that would be suffering from asthma in 2025 

will increase from 45 to 59%10. This rapid and 

continuous increase in cases has been associated with a 

rise in atopic sensitization. Other allergic reactions may 

also appear in parallel to asthma in these patients. In 

addition to genetic and environmental factors, this rise 

has also been attributed to vitamin D deficiency. One 

possible mechanism is the downregulation of atopy by 

vitamin D to adjust atopic disorders, including asthma11. 

Although environmental changes and genes play a major 

role in the rise of these conditions both in children and 

adults, growing evidence suggests their connection with 

low vitamin D serum levels, which may range from very 

severe deficiency (<12 ng/mL) to insufficiency (20-30 

ng/mL). Vitamin D insufficiency causes local and 

systemic cytokine levels to increase12. Deficiency of 

vitamin D is a common health problem the world over, 

which explains the rise in these allergic reactions all 

around the globe13.   

It has also been observed that the most noticeable 

placebo effects are seen in clinical trials done on allergy 

patients. Epigenetic changes occur when chronic 

exposure to harmful environmental factors, an unhealthy 

diet, and lack of exercise1. This altered genetic pattern 

gets transmitted to the next generation. Not only 

allergies, this gene-gene, and gene-environment 

interactions also cause many other diseases and changes 

inside the body.   

The development of diseases and hypersensitivity 

reactions depends on both the environment and genes. 

However, the role of vitamin D deficiency on a person's 

allergies and its intensity of impact are still scientists 

working on. This paper will conduct a systematic review 

of the role of vitamin D deficiency in allergies linked to 

people's biological and environmental health. This will 

further aim to answer whether vitamin D deficiency 

potentiates hypersensitivity reaction and, if yes, how? 

Results 

A selection of previous studies based on clinical trials, 

findings, and experiments was carefully scrutinized in 

order to conclude. A list of common allergic reactions 

was created, and papers were studied against those 

diseases, mostly from 2015 to 2020. Some of these 

studies reviewed previous clinical trials, while others 

were experiments done on animals or humans to see how 

vitamin D supplementation modulates or develops 

allergic reactions.  

The following results were observed.   

Effects on the Immune System: 

Both vitamin D receptors and metabolic enzymes have 

been found in the cells of the immune system14. The 

murine models show evidence that vitamin D has the 

capability to shift the balance between Th1 and Th2-type 

cytokines. In such a situation, Th2 dominates, whereas 

Th1 secretion decreases the cytokines to IL-2 and IFN-

γ15. A study conducted by Tanupriya et al. has confirmed 

that vitamin D can produce dual effects on suppressing 

and enhancing the allergic responses of Th2 in a murine 

model. This model was based on airway 

hyperresponsiveness, regulatory T-cells, and 

bronchoalveolar lavage fluid cytokines.  

Vitamin D supplementation in vivo murine model 

showed reduced IL-4 production in bronchoalveolar 

lavage fluid. Another study by Giulia et al. proved that 

Th2 dependent downregulating of immunological and 

inflammatory response with the low expression of 

vitamin D receptor activation16. After a number of other 

experiments where treatment was done with 1,24(OH) 

2D, there was an increase in Th2 cytokine IL4 17.  

The reconciliation between these models is not possible. 

However, the timing and chronicity of vitamin D 

administration is related to sensitization. In relation to 

the same findings, another recent study showed mice that 

were exposed to UVB radiation with a single erythemal 

dose had attenuated airway responsiveness. Furthermore, 

the intraperitoneal sensitization and cellular responses 

were in accordance with the allergens18. The human body 

works differently, showing different results where both 

Th1- and Th2-type responses were found. The CD4+ and 

CD8+ human cord blood cells were found in the 

Margherita et al. study17,19. Moreover, blood cells in the 

cord generate IFN-γ production while suppressing IL-4 

and the related induced IL-13. 
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As reviewed by Nipith et al., the effects of vitamin D on 

the underlying immune system are coordinated by 

combining intracellular signaling paths in lymphocytes 

and antigen-presenting cells20,21. The most important of 

these cells are NK and IL10. Vitamin D is also revealed 

to suppress the expression of toll-like receptors on the 

monocytes and constrain the production of some 

inflammatory cytokines such as IL-2 and IL-17.  

Furthermore, the potency and ability to inhibit antigen-

specific T cell activation is another finding in this 

study22. The results of these pathways lead to the over or 

under-expression of genes. As an example, vitamin D 

has proven to show that it can modify the levels and 

functionality of NF-κB proteins like Rel-B and c-Rel 23. 

Finally, the genes T lymphocytes have shown the 

complex binding of vitamin D-dependent binding to 

vitamin D receptors.  

When talking about asthma, evidence shows that vitamin 

D has a therapeutic role in steroid resistance. This 

happens when the glucocorticoids enhance the 

responsiveness for the induction of IL-10. The study by 

Yong et al. deduced that the peripheral blood CD4+ T 

cells derived from steroid-sensitive and steroid-resistant 

asthmatics were found to administer vitamin D to reverse 

steroid-resistance using IL-10 secreting T-reg cells24,25,26. 

The combination of fluticasone 1α,25(OH)2D3 helps in 

modulating the human airway smoothing the muscles 

secretion of pro-inflammatory chemokines.  

Common Allergic Reactions and Vitamin D Serum 

Levels: 

A total of 9 hypersensitivity reactions were shortlisted 

for this study, for which relevant papers were studied. 

These conditions have been summarized in table 1 below 

by looking at their connection with vitamin deficiency 

and the effect of supplementation. Out of these studies, 

some indicate allergy worsening with deficiency, while a 

few indicate deterioration with high or elevated vitamin 

D levels, also known as toxicity. Most of the studies 

have been conducted in the last five years, starting from 

2015 to 2020. One of them also includes the relationship 

with the novel coronavirus and whether vitamin D 

supplementation can reduce the chances of contracting 

COVID-19. These diseases include; allergic rhinitis, 

different types of food allergies, influenza and COVID-

19, atopic dermatitis, contact dermatitis, asthma, 

ulcerative colitis, chronic urticaria, and food-related 

anaphylactic shock.  
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It has been observed through various studies that allergic 

rhinitis is connected to the development of asthma, and 

the conditions may deteriorate with low vitamin D serum 

levels. It was found that women with vitamin D 

insufficiency had a lower risk of developing allergic 

rhinitis than men 27.   

A study conducted to see whether vitamin D deficiency 

exacerbates food allergies found that overall IgE 

sensitization was more pronounced in children and 

adolescents29. Furthermore, food allergies have been 

found to be more common in people who live farther 

from the equator and hence have low levels of vitamin D. 

The study conducted by Poole, A. et al. (2018) found that 

vitamin D modulates certain genes that directly or 

indirectly play a role in food allergy pathogenesis. 

However, the therapeutic role of vitamin D needs to be 

studied in relation to pathways like cathelicidin.  

Food allergies in children can be controlled through early 

intervention with vitamin D correction. This therapy may 

promote mucosal defense and maintain a healthy 

microbial environment inside the body, thereby 

decreasing the risk of food allergies 27. Out of the nine 

allergic diseases studied in this review, atopic dermatitis 

is one disease that showed both improvement and no 

effect when vitamin D supplementation was increased13. 

The same mechanism may also aggravate asthma and 

allergic rhinitis in children. The pathway through which 

vitamin D potentially aggravates several atopic reactions 

has been linked to thymic stromal lymphopoietin (TSLP) 

production, which is a cytokine that induces atopic 

dermatitis.  

When it comes to asthma, it was found that vitamin D 

deficient children and adolescents are more likely to 

develop IgE sensitization to allergens than adults. 

Moreover, prenatal supplementation of up to 4400 IU/d 

of vitamin D may help reduce asthmatic symptoms, 

including wheezing in infants33. However, a six-year 

follow-up study indicated no effect of prenatal vitamin D 

supplementation on asthma symptoms in children who 

were at risk of developing the disease34.   

 

 

Table 1: A Summary of Studies Conducted on the Relationship between Vitamin D Deficiency and Allergic 

Reactions 

Type of Disease Connection with Vitamin D Implications Study 

Conducted in 

Year 

Reference 

 

Allergic Rhinitis 

Condition is more pronounced 

in deficient people  

 

Severe deficiency (5-10 ng/mL) 

exhibits mild to moderate exacerbation  

 

2017, 2015 

 

27, 28 

Food Allergies Risk is present in both low 

and high serum levels 

Insufficiency and toxicity of vitamin D 

both can potentiate food allergies 

 

2018 

 

29 

Influenza/COVID-

19 

Desired effect is dose-

dependent 

1α,25(OH)2D stimulates production of 

special proteins, which serve to kill the 

microorganisms triggering allergic 

reaction 

 

 

2020, 2018 

 

 

4, 30 

 

Atopic Dermatitis 

(AD) 

Desired effect is dose-

dependent (up to 10,000 IU 

per week for 6 months may 

reduce severity) 

 

Vitamin D3 supplementation reduced 

the severity of atopic dermatitis; 

however, high intake in infancy may 

have a contradictory effect on disease 

severity 

 

 

 

2018, 2016 

 

 

 

 

31, 32 

Allergic Contact 

Dermatitis (ACD) 

High serum levels may be 

helpful in repressing the 

severity 

Vitamin D3 deficient mice 

demonstrated increased risk of ACD 2016 

 

13 

 

 

 

 

Asthma 

Supplementation in pregnant 

women reduced infant asthma 

and wheezing; however, there 

was lesser effect on symptoms 

developed later on   

25(OH)D levels are inversely 

proportional to total serum IgE levels 

 

 

2016, 2020 

 

 

33, 34 

Ulcerative Colitis Th1 immune responses may 

improve disease severity 

Decreasing effect on serum TNF-α, 

IFN-y, and IL12p70 levels 

2017, 2019 35, 36 

Chronic Urticaria  Patients with disease showed 

low serum levels 

IgE-mediated pathways of allergy were 

decreased by supplementation 

2016 13 

 

 

Anaphylaxis 

Insufficiency in children 

particularly with low sun 

exposure are more likely to 

experience food-related 

anaphylactic shock 

Immune system defects resulting from 

insufficiency contributes to 

sensitization 

 

2019 

 

 

37 
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Discussion 

Different types of allergies are on the rise all over the 

world. Even with the advancement in medicine, the rate 

is increasing. Many studies show the connection of these 

hypersensitivity reactions with low serum vitamin D 

levels. In recent years, lifestyle changes can be blamed 

for the low levels of vitamin D serums in pregnant 

women, young children, and older individuals. Although 

most allergic reactions are generally considered 

harmless, the mortality rate due to fatal asthma attacks 

and anaphylaxis shock is alarming. Scientists have 

started working on why some people are more sensitive 

to allergens than others and what makes an allergen an 

allergen. At the same time, they are trying to figure out 

connections between nutrient deficiency and aggravation 

of certain hypersensitivity reactions.  

According to the Barker hypothesis initially stated that 

events during early life have a strong influence on one's 

risk for life in late adult illness. Environmental factors 

play an important role in the early development of the 

fetus. During this time, these factors may lead to a higher 

risk of developing chronic diseases later in life5. This 

revelation has led to the studies proving the risk of low 

vitamin D levels, 25(OH)D, being fatal for both the 

mother and the fetus9, 38. Further studies are conducted 

on both humans and animals, indicating that vitamin D 

can easily cross the placental barrier due to its great lipid 

solubility39. It has also been observed that premature 

birth happens because of intra-uterine growth restrictions 

due to low vitamin D serum levels. The same mechanism 

causes low birth weight in babies40.     

An analysis of the birth season indicates food-related 

acute allergic symptoms in children born in the winter 

months when vitamin D levels are the lowest. Children 

presented with atopic dermatitis showed improvement in 

symptoms when given 1000 IU of ergocalciferol daily 

for one month. Various studies have confirmed these 

improvements. This happens with the expression of 

antimicrobial peptides by the active form of vitamin D. 

However, and some studies also revealed a U-shaped 

curve with vitamin D supplementation. It was observed 

that both extremely low and high levels of serum vitamin 

D exacerbated the disease.13     

It has been observed through this systematic review that 

management of allergic diseases, particularly the ones 

studied in this paper, requires further research on the 

epigenetic mechanisms of vitamin D. Furthermore, the 

exact dose of vitamin D supplementation that affects 

disease severity in terms of immunoinflammatory 

responses still needs to be established.   

Conclusion 

The role of vitamin D in maintaining overall health still 

needs to be studied further. There are contradictory 

studies found on vitamin D levels adequate for 

maintaining a healthy microbial ecology inside the body. 

However, sufficient evidence supports its role in 

controlling common allergic reactions like asthma and 

atopy, especially as maternal nutrient intake during 

pregnancy. The potential role of vitamin D in fetal 

development may explain why some people are more 

sensitive to allergens than others. Moreover, the 

appropriate dose of the vitamin focusing on pregnant 

women and children needs to be studied further. These 

trials will help understand what role vitamin D plays in 

both the exacerbation and modulation of different 

hypersensitivity reactions.    
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