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Objective: This article summarizes the research progress on the association of vitamin D and food allergy
in infants and children.

Background: In recent years, food allergy seriously has affected the quality of life of children and
adults. Vitamin D is known to be involved in calcium and phosphorus metabolism, and recent research has
demonstrated that vitamin D can also affect the immune regulation of food allergy.

Methods: The present study summarizes the research progress on the association of vitamin D and food
allergy in infants and children. We searched the PubMed database to identify studies on the association of
vitamin D and food allergy published between January 2003 and August 2021.

Conclusions: Vitamin D in the body through a number of steps into the final formation of biological
effects. The implications of postnatal vitamin D levels for food allergy may be even greater. Vitamin D can
prevent the intestinal immune system from being exposed to allergens by maintaining the integrity of the
mucosal barrier. Many clinical studies believe that vitamin D supplementation can improve infants” and
children’s food allergy, however, some show negative results or opposite results. A lot of laboratory studies
have confirmed that vitamin D is involved in the immune regulation of food allergy. Evidence indicates there

may be a nonlinear relationship between vitamin D and food allergy. Further researches need to be launched.
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Introduction D has immunomodulatory effects on food allergy; however,

others disagree. The purpose of the present study was to

In 1928, Adolf Windaus was awarded the Nobel Prize in analyze the relationship between vitamin D and food allergy

Chemistry for his outstanding contributions to vitamin D
research. At the end of the 20th century, vitamin D once
again became a research hotspot due to its potential benefits
other than bone metabolism.

Allergic disease involves immune dysfunction. In recent
years, the incidence of food allergy in China has been
gradually increasing, which seriously affects the quality
life of people, especially for infants and children. Many
previously published studies have demonstrated that vitamin
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in infants and children.

We present the following article in accordance with the
Narrative Review reporting checklist (available at https://
dx.doi.org/10.21037/tp-21-396).

Methods

We searched the PubMed database to identify studies on the
relationship between vitamin D and food allergy published
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between January 2003 and August 2021. The search terms
included vitamin D/25-hydroxyvitamin D, food allergy/
atopic disease/allergic disease, child/children and infant/
infants.

The selection criteria were as follows: (I) studies
associated with the theme; and (II) original articles, reviews,
systematic reviews, and meta-analyses. The studies were
limited to those in English only.

Vitamin D metabolism

Vitamin D is a cyclopentane polyhydrophenanthrene
compound. The 7-dehydrocholesterol in the skin is
converted into vitamin D3 by photochemical action and
thermochemical action. Another important source for the
body to absorb vitamin D is through the digestive tract,
and possibly through passive diffusion and cholesterol
transporters (1). Vitamin D binds to vitamin D binding
protein (DBP) to form the vitamin D-DBP complex and
is transported into the bloodstream via chylomicron.
Vitamin D-DBP has no biological activity in vive. The
vitamin D-DBP conjugate is metabolized by the liver
into 25-hydroxyvitamin D (25-OHD) within a few hours.
With the help of la-hydroxylase (CYP27B1), 25-OHD is
converted into calcitriol (1,25-OHD) in the kidney; 1,25-
OHD then enters the cell and quickly transfers into the
nucleus, where it binds to vitamin D receptors (VDR) and
other components and creates biological responses.

VDR and binding protein

VDR is a nucleophilic protein composed of 427 amino
acid residues, which is a member of the steroid hormone/
thyroid hormone receptor family. The VDR gene has 6
functional regions from the N-terminal to C-terminal, A-
E. A and B are the transcriptional activation regulatory
regions, and the C region is the DNA-binding region,
which mainly participates in the binding of vitamin D
response elements. VDR exists in many cells (including B
cells, T cells, dendritic cells and macrophages) and tissues
outside the kidney, and it is closely related to vitamin D
function. DBP is a multifunctional glycoprotein. It is a
single peptide chain composed of 458 amino acids. It can
be expressed in multiple tissues of the human body. DBP is
highly polymorphic and is mainly synthesized by the liver.
The DBP gene polymorphism will affect the expression
level of the DBP protein and the affinity of VDR. There is
increasing evidence that the combination of 25-OHD and
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DBP may reduce the bioavailability of vitamin D (2).

Role of vitamin D in pregnant woman and offspring

During pregnancy, levels of vitamin D, calcium, and related
hormones can change. In a previously published study, it
was reported that offspring did not show obvious abnormal
blood calcium or abnormal manifestations of the skeletal
system at the beginning of life if their mothers had severe
vitamin D deficiency (VDD), 1,25-OHD deficiency, or
corresponding receptor deficiency during pregnancy (3).
In a follow-up study of 380 pregnant women and their
children, maternal VDD in late pregnancy was not found to
be associated with any allergic reaction in the first year after
birth (4).

However, it is worth noting that if there is VDD after
birth, the risk of hypocalcemia and rickets is greatly
increased, and the deficiency may lead to metabolic
disorders of the extraosseous system. There are many
epidemiological surveys on vitamin D levels in infants and
young children nationwide; VDD is more common in
newborns (5).

Food allergy

The prevalence of food allergy has increased in recent
decades and is now recognized as a substantial public
health burden in relatively developed countries. Children
with food allergy can show esophagitis, enterocolitis and
rectal colitis in acute and subacute stages. Some children
may be accompanied by parenteral symptoms, such as
respiratory symptoms, atopic dermatitis and so on. The
infants or children with food allergy are required to avoid
the culprit allergen. However, that is likely to lead to
nutritional disorders include poor growth, micronutrient
deficiencies and feeding difficulties (6). The micronutrients
that have received many attentions have been vitamin D,
possibly due to cow’s milk allergy being one of the most
prevalent food allergies in early childhood. Therefore, it
is more necessary to study the relationship between food
allergy and vitamin D.

Clinical research on vitamin D and allergic diseases

Studies suggest that vitamin D seems to maintain the
integrity of the mucosal barrier, preventing the intestinal
immune system from being exposed to food allergens,
and reducing the permeability of the intestinal mucosa to
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limit allergens (7). The barrier function of the intestinal
mucosa is essential for the prevention of food allergies. The
lack of vitamin D leads to more serious intestinal damage.
The damaged intestinal mucosa will allow low doses of
sensitive food proteins to penetrate into the immune
system, which will stimulate B lymphocytes to produce
more immunoglobulin E (IgE), then increases the Th2-
type allergic immune response, engendering disorders
in innate epithelial defense (8). This results in impaired
intestinal barrier function or vitamin D-mediated changes
in the composition of the gastrointestinal microbiota. In a
previously published study, Lack proposed the hypothesis
of dual allergen exposure, and suggested that skin exposure
to food protein through a disrupted skin barrier may lead to
allergic sensitization and food allergy. That is, food allergy
occurs through skin exposure in early life. The increase in
skin permeability, such as eczema, is more likely to induce
food allergy (9).

Due to the way vitamin D is produced, many studies
on different latitudes, seasons, and light intensities are
being carried out. A US study combined National Hospital
Ambulatory Medical Care Survey data for ED visits to
non-institutional hospitals from 1993 to 2005 of about
17.3 million people who were diagnosed with acute allergy.
The study found that there were 5.5 visits per 1,000 visits
in the northeast and 4.9 visits per 1,000 in the south, with
a much stronger correlation between latitudinal gradients
and food-induced anaphylaxis than other causes (10).
Another large study collected and analyzed the data of 7,376
children in the USA from two authorized institutions. They
found that food allergy was more common in babies born in
autumn compared with any other season (11).

There are various studies on food allergy in people with
VDD. In a national health and nutrition survey of 3,136
children in the USA, the relationship between 17 allergens
and VDD was evaluated. Compared with children with
normal vitamin D levels, children with VDD are more
likely to be allergic to peanut, ragweed and oak (12). This
research doesn’t point out why children with VDD are
prone to allergies to these allergens. There are few relevant
studies now. Segovia-Orti et 4l’s study shows Vitamin D
status is associated with sensitization to dust mite, and cat
and dog dander (13). Some articles believe that there is
no correlation between VDD and various allergens (14).
In a large-scale cohort study in Australia, the researchers
compared the data of 5,276 children, and found that infants
with VDD were over twice as likely to suffer from multiple
food allergies compared with ordinary infants. VDD
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children’s probability of food allergy is 6 times than that of
ordinary children, and they are more likely to have peanut
and egg allergies (15). On the contrary, if children with food
allergy do not avoid allergic foods, their risk of VDD and
zinc deficiency will also be greatly increased, even if these
children are taking vitamin D and mineral supplements (16).

However, part of studies showed negative results. In a
recently published meta-analysis, no significant association
was reported between vitamin D and IgE-mediated food
allergy (17). In a case cohort study of 1,074 infants, there
was no evidence that VDD occurs in infants in the first
6 months is a risk factor for food allergy at 1 year of age (18).
Many prospective studies have also shown the same results,
and they indicated that 25-OHD is not related to food
allergy (19,20).

In addition, some studies have shown that higher
levels of 25-OHD are associated with an increase in
the incidence of allergic diseases (21-23). In a Japanese
randomized, controlled study of 164 children with
eczema, vitamin D (800 IU/d) and placebo supplements
were individually supplied for 6 weeks, and it was found
that there was no significant difference in the severity of
eczema between the two groups after 3 months. However,
vitamin D supplementation was found to increase the risk
of food allergy in the future (24). In Finland, 975 infants
participated in a randomized, controlled trial, supplemented
with 400 or 1,200 IU vitamin D every day starting from
2 weeks of age. The infants were followed up to determine
the occurrence of allergic diseases at 12 months of age. The
results showed that high-dose vitamin D supplementation
did not prevent infants from developing allergic diseases
or asthma within 1 year of birth. In contrast, infants who
were randomly assigned to receive higher doses vitamin
D had an increased risk of milk allergy, as did infants with
high cord blood vitamin D levels (25). Although these
randomized, controlled trials did not provide data on
vitamin D levels at the time of evaluation, they still indicate
that high concentrations of vitamin D may have side-effects.
Therefore, some scholars have proposed that there may be
a nonlinear relationship between the change of vitamin D
levels and allergic diseases.

There is still no consensus on the recommendations
of infant feeding, and many researches mention the role
of vitamin D. For example, in a case-control study of
200 children in Kuwait, the protective effect of exclusive
breastfeeding on atopic diseases was more obvious during
4-6 months of exclusive breastfeeding. Prolonging
breastfeeding time will increase the risk of allergy and may
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cause VDD in infants (26). This view was supported by
Koplin ez 4/., who found that breastfed infants who delayed
eating eggs were twice as likely to develop an egg allergy
by the age of 1 year. Introducing egg into the diet at 4-
6 months of age could prevent egg allergy. This mechanism
may be related to the fact that abundant vitamin D in eggs
can reduce the risk of allergy (27). In addition, studies
have shown that appropriate vitamin D levels may improve
gastrointestinal symptoms in children with food allergy (28).
Therefore, vitamin D supplementation seems to provide a
basis for hygiene theory (29).

More and more studies have shown that children with
food allergy who avoid allergens have the health problem
of low weight, which appears to be linked to the number of
foods excluded. The contradiction is particularly prominent
in infants with milk protein or egg protein allergy under
the age of 1 year, because milk and eggs are one of the most
nutritious foods in this period. If the nutritional substitutes
are not appropriate, the gains will outweigh the losses (30).
Koplin’s view inspired us that avoiding milk or eggs may
aggravate VDD, resulting in an increased risk of food
allergy. The new view is that nutritionists should be more
cautious about dietary recommendations for children with
food allergies (30), and increase consideration of the role of
vitamin D.

Vitamin D has seasonal characteristics and is affected
by indoor and outdoor activities, diet, skin and digestive
tract diseases, genetic susceptibility, multiple metabolic
pathways, and multiple metabolic steps. Food allergy may
have inaccurate definitions in the clinical setting, and
allergen types are diverse, making relevant research more
complicated. Up to now few high-quality randomized,
controlled studies on Vitamin D and food allergy have been
conducted.

Vitamin D participates in the immune regulation of
allergic diseases

Vitamin D can help regulate the development of the
innate and adaptive immune system through a number
of ways. Current research indicates that Thl and Th2
subset ratio and functional imbalance are the main immune
pathogeneses of allergy. Vitamin D interferes with Thl
cytokine secretion by inhibiting the proliferation of T
cells. The effect of vitamin D on Th2 cells is still unclear.
Vitamin D can induce Tregs to secrete interleukin (IL)-10,
thereby reducing the activity of Th2 cells (31). Vitamin D
can also reduce the production of IL-12 and increase the
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differentiation of Th2 cells (32). As well as this, vitamin D
can also stabilize the adaptive immune system by inhibiting
Th1/Th17 cells and inducing Tregs.

Studies on the relationship between serum IgE levels
and vitamin D remain unclear, and it is generally believed
that vitamin D can affect the production of IgE. Vitamin D
can increase the production of IgE by shifting the balance
of Th1/Th2 to Th2 cells. It can also reduce the secretion
of IgE by blocking the proliferation of B lymphocytes and
inducing Tregs (32). IL-4 and IL-13 are the only known
cytokines that can induce isotype IgE conversion, and 1L-4
is also known to play an important role in IgE regulation.
There is a significant interaction between IL-4 gene
polymorphism (rs2243250) and VDD (33). Most studies
indicate that 25-OHD levels are significantly negatively
correlated with total IgE and eosinophil count (34), and
increasingly more recent studies are finding that 25-OHD
and IgE levels own relationship of nonlinear (22,35).

Vitamin D has a strong antiproliferative effect on CD4+
T cells, and it can directly participate in the differentiation
of dendritic cells. It can also inhibit the function of T
lymphocytes by acting on antigen-presenting cells (36).
The current consensus is that a reasonable vitamin D
level is conducive to the tolerance of dendritic cells and
increases the expression of CD31, which can shorten the
interaction time between dendritic cells and naive T cells to
inhibit immunogenic T cells (37). Vitamin D3 may reduce
symptomatic food allergy by inhibiting CD69+ and CD4+
T cells, indicating that the reduction of CD69+ and CD4+
T cells can help reduce food allergy (38). It has also been
suggested that vitamin D3 can inhibit the activation of mast
cells to control allergic diarrhea (39).

Toll-like receptors (TLRs) can regulate immune-
mediated allergic reactions. Infants susceptible to atopic
diseases have low expression levels of TLR2, TLR4, and
TLRY. It’s confirmed that exogenous 25-OHD in vitro
recovered TLR-induced antimicrobial responses (40). In
Poole er al’s study, a significant correlation between vitamin
D and TLR2 pathways was found, indicating that vitamin
D may upregulate the TLR pathway (41).

Some studies have found that Tregs regulate the immune
response by inhibiting the activation of Th2 cells and
the production of IgE (42). Vitamin D can induce Tregs
produced by IL-10 to express low levels of FoxP3+ Treg-
related transcription factors. Studies have found that the
vitamin D3 level can be associated with the number of
FoxP3+ Tregs in peripheral blood (43), and it has also been
found that testing serum Treg values and 25-OHD levels
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can be used as reference indicators to diagnose cow’s milk
protein allergy in infants (44). In addition, the health status
of people with VDD who take a vitamin D supplement
(140,000 IU) is significantly improved after 4 weeks, and
this is related to the increase of Tregs (45).

At present, many studies have demonstrated that vitamin
D makes a difference to food allergy, however, more in-
depth studies are needed. Future laboratory research
should consider the immune regulation of vitamin D
and the regulation of the IL-4 gene on IgE production,
because these are the molecular bases that work together
to influence the risk of food allergy. Serum total IgE, IgE-
mediated phenotype related gene, 1,25-OHD regulated
genes, such as HLA-DRBI1, STAT6, and IL-10, warrant
further study (32). Vitamin D could reduce food allergy
by inhibit CD4, CD69, mast cells. And vitamin D could
induce the production of Treg cells to affect immune
system. A deeper understanding of these molecules will
help develop more effective and safer treatment models.
Current scientific research and clinical applications lack
measurements of DBP levels, which is an important area for
future research.

Furthermore, more large-scale, multicenter, prospective
clinical trials need to be conducted to determine the best
effective dose of vitamin D. For example, randomized,
controlled trials of vitamin D supplementation after birth
need to be conducted to confirm whether vitamin D plays
a key role in the occurrence of food allergy in early life,
and studies on infantile eczema and food allergies need
to be developed. Allergic diseases are also apparent in
later childhood, and long-term follow-up of the study
cohort is also necessary. Large-scale observational studies
and clinical trials can be replicated. The real mechanism
of light intensity (including region, season, and indoor
and outdoor activity time), diet, skin and digestive tract
diseases, genetic susceptibility, and other effects on infants’
food allergy is still confusing, therefore further analyses
are warranted in future studies. Different types of food
allergies have different genetic and clinical phenotypes.
Future genomic research will also help clarify the potential
role of vitamin D in the development and regulation of
allergic diseases.

Limitations

The present study has some limitations. First, the study
is based on the authors’ own summary of the literature.
Therefore, its publication bias could exist. Second, the
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study only covers the scientific research in the last 15 years,
and only covers articles published in major journals in the
field. Therefore, limitations affecting the outcomes might
exist.

Conclusions

Vitamin D is mainly synthesized by the skin and ingested
through the digestive tract, which is affected by many
factors before it produces biological effects. Fetal vitamin
D levels remain stable during the fetal period, even if the
mother has VDD; however, if the newborn has low vitamin
D levels, the probability of abnormal immune metabolism,
including allergy, will increase. Early-stage skin care
for babies may reduce the incidence of food allergy in
infancy. Vitamin D may prevent the intestinal immune
system from being exposed to allergens by maintaining
the integrity of the mucosal barrier, thereby reducing the
occurrence of food allergy. Completely avoiding allergens
may increase VDD, then lead to poor growth of the
children with food allergy. Many laboratory studies have
indicated that vitamin D is involved in a variety of immune
regulation mechanisms. Of these, IL-4 and Treg cells have
demonstrated a high correlation with allergic diseases.
In clinical and laboratory studies, the deep relationship
between vitamin D and allergic diseases remains unclear,
and a nonlinear relationship may exist, which warrants

further study.
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