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ABSTRACT

The nutrition of the mother during pregnancy is very important on the development of the child’s immune system and immune
programming. Nutrition with antioxidant-rich fresh vegetables and fruits, dietary fiber consumption, and intake of n-3 unsaturated fatty
acids (PUFA) provide important benefits in the development of the child’s immune system and intestinal microbiota. Healthy nutritional
components such as the Mediterranean diet, which are high in antioxidants, seem to have a direct effect on immune and metabolic
processes as a whole and prevent the occurrence of many diseases by reducing chronic inflammation, oxidative damage, and cell
destruction. Such a diet during pregnancy is thought to reduce the child’s susceptibility to allergic diseases. For this reason, approaches
to improving nutrition for the prevention of allergic diseases have been a very important research area in recent years. According to
current data, epidemiological studies reveal conflicting results in terms of antioxidant intake and the development of allergic diseases.
Many studies and meta-analyses associate low antioxidant intake with wheezing, increased asthma and airway reactivity, and reduced
respiratory function. However, it has not been shown that a diet with high maternal antioxidant content has a protective effect on food
allergy and other allergic diseases. In this review, the effects of a diet high in antioxidants and a Mediterranean diet during the pregnancy
period of the mother on the prevention of food allergy and other allergic diseases in the child will be discussed in detail.
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The nutrition of the mother during pregnancy has
effects on immunological development, microbial diver-
sity, and tolerance in the child’s intestine during the
intrauterine period and after birth (1). In general, the
Mediterranean diet, which is one of the ‘healthy eating’
methods, is high in antioxidants and protects against
asthma, obesity, cardiovascular diseases, autoimmune
diseases and allergic diseases. This effect is more effective
with feeding with antioxidant-rich fresh foods, fiber con-
sumption in the diet, and n-3 polyunsaturated fatty acids
(PUFA) (2). These healthy nutritional components seem
to prevent the occurrence of many diseases by reducing
chronic inflammation, oxidative damage, and cell destruc-
tion from immune and metabolic processes as a whole.
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Epidemiological studies provide conflicting results in
terms of diet with high antioxidant content and the devel-
opment of allergic diseases. In some studies, low antioxi-
dant intake has been associated with wheezing, asthma
and airway reactivity, and reduced respiratory function
(3). However, some studies have reported that there is no
relationship between a diet high in antioxidants and aller-
gies (4,5), while others have reported potential adverse
effects (6).

In this review, the effect of feeding a diet with high
antioxidant content during pregnancy on the child’s pro-
tection from food allergy and other allergic diseases will be
discussed.
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1. Atopy and Allergic Diseases

Allergy is the inappropriate/over-reaction of the
immune system to substances that are normally harmless
to the body after damage to the ‘tolerance mechanisms’ in
the body. Allergic diseases are diseases that occur with the
effect of environmental and genetic factors and as a result
of complex multifactorial mechanisms. For this reason,
they coexist with varying clinical phenotypes in different
age groups, show different prognoses, some may continue
throughout life, may transition from one to the other, and
sometimes may cause us life-threatening situations.

The immune system is immature at birth and devel-
ops with age, and antigen stimulation occurs regularly
with age-appropriate nutrition during this development.
In addition, microbial colonization develops in the intes-
tine and other organs from the first days of life, and plays
an important role in the formation of the immune system
and oral tolerance (7). From the immunological point of
view, it is thought that atopic diseases are closely related
to both the mother’s lifestyle and the development in the
intrauterine period, starting from the prenatal period.
Therefore, maternal nutrition, especially during preg-
nancy, may be closely related to the child’s susceptibility
to allergic diseases. Nutrition plays an important role in
the development of the immune system, hemostasis, and
the functions of immune cells. Omega-3, vitamin D, and
zinc contained in nutrients are essential products for the
immune response to mature and function properly.

Food allergy, asthma, wheezing, allergic rhinitis, and
atopic dermatitis are common allergic diseases in children.
The prevalence of food allergy and other allergic diseases
has been increasing rapidly in developing countries such
as our country as well as in developed countries in recent
years (8). Diet has an important role in the prevention
of food allergy and asthma and also in the treatment of
food allergy. Many studies have been conducted for many
years in which factors such as the diet used by the mothers
during pregnancy, the weight gained by the mother dur-
ing pregnancy, the presence of obesity in the mother, the
intestinal microbiota of the mother, and breast milk intake
have been shown to be effective. A study has reported that
introducing the child to foods early (4-6 months) is effec-
tive in preventing the development of allergic diseases (9).

2. High Antioxidant Diet

The imbalance between prooxidants and antioxidants
is defined as ‘oxidative stress’. Antioxidants are essen-
tial for the elimination of oxidative stress. Antioxidants
destroy oxidants, neutralize free radicals and prevent them
from turning into more toxic molecules, bind to metal
ions, and clean damaged molecules. Antioxidants take part
in the prevention and repair of the damage caused by free
radicals in the epithelium by producing interferon-gamma
(10). Thus, they form the body’s first line of defense (11).

It is known that antioxidants (vitamins A, C and E),
minerals (selenium, zinc, folate and iron), and vitamin
D have positive effects on immune and metabolic health.
Dysfunction in cell signaling and arachidonic acid metab-
olism increases systemic inflammation. Oxidative stress
may cause the Th1 phenotype to shift towards Th2 and the
development of allergic diseases (11-13).

Antioxidants taken from the outside into our body
with nutrition are the vitamins C and E, flavonoids, carot-
enoids, and the oligoelements zinc and selenium. Anti-
oxidants taken with the exogenous diet protect the body
from lipid peroxidation (14). The most important sources
of antioxidants in foods are vegetables and fruits. These
include polyphenols, vitamins (C, E, beta-carotene) and
mineral compounds (Se, Zn, Fe, Mn, Cu). The amount
of chemicals found in isolated bioactive phytochemical
products are much lower than in the content of fruits and
vegetables (15).

An antioxidant-high diet and the development of aller-
gic diseases is actually a somewhat complex issue (16,17).
Mechanistic studies indicate that antioxidant nutrition
may predispose to allergic diseases. Two hypotheses have
been proposed in this regard. While the first of these states
that allergic diseases may increase if the amount of antioxi-
dants in the diet is low, the second hypothesis is that allergic
diseases may develop as a result of antioxidants suppress-
ing helper T cell 1 (Th1)-mediated cytokine release. Anti-
inflammatory effects of high-antioxidant diets can cause
suppression of the Thl immune response and increase the
Th2 response associated with allergic diseases (10). In an
experimental study on this subject, Murr et al. have shown
that antioxidant intake may cause a decrease in Thl dif-
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ferentiation and interferon-gamma release. The authors
reported that the decrease in the Thl response may cause
the development of the Th2 phenotype and the develop-
ment of allergic diseases by cross-regulation (18). Accord-
ing to an opposite hypothesis, nutrients may be effective in
oral tolerance by ensuring regulatory T cell (Treg) forma-
tion and induction (19). In a retrospective cross-sectional
study where the nutrition of the mother during pregnancy
was questioned with a questionnaire, it was shown that the
mother had consumed significantly less vegetables, fruit,
and chocolate-based products in children with atopic der-
matitis who developed asthma compared to those who did
not (20).

3. Mediterranean Diet

Contrary to the Western diet, it is recommended to
consume large amounts of fruit, vegetables, grains and
olive oil, moderate white meat, fish and dairy products,
and a small amount of sugar and red meat in the Mediter-
ranean diet (21). The Mediterranean diet has a regulatory
effect on immune system functions, antioxidant support,
and anti-inflammatory properties. It contains intense
amounts of micro- and macronutrients, vitamins (A, C,
D), minerals (iron, zinc, selenium, folate/folic acid), and
fatty acids (mono and polyunsaturated fatty acids and
omega 3 fatty acids) (22).

According to the results of studies conducted on this
subject, which has been of interest for many years, the
Mediterranean diet may protect children from the devel-
opment of asthma (23-25). The vitamins, fiber, miner-
als and fatty acids in the Mediterranean diet may have a
protective effect on respiratory tract inflammation with
their anti-inflammatory effects. The Mediterranean diet
also increases endothelial functions and reduces bronchial
hyperresponsiveness through proinflammatory markers
such as high-sensitivity C-reactive protein, interleukin-6
(IL-6) and adiponectin (23-25). Although many studies
conducted to date show that the Mediterranean diet has
a protective effect against childhood asthma and allergies
(26-28), there are also studies showing that it has no such
effect (29-31).

A few recent studies have evaluated maternal nutrition
during pregnancy with the measurement of the healthy
eating index and have shown that it has no effect on recur-
rent wheezing that will develop in children up to the age
of 3 years (32,33). In a systematic review, three observa-
tional studies showing the effect of a Mediterranean diet

during pregnancy on the prevention of allergic diseases
have reported that the first posed an increased risk for
allergic diseases, the second reduced wheezing, and the
last one had no effect on the development of allergies (32).
In conclusion, although the Mediterranean diet seems to
have positive effects on asthma and wheezing attacks, it is
thought to have no effect on preventing the development
of other allergic diseases (8,33,34). More and larger cohort
studies are needed on this subject.

In another systematic review published this year,
where compliance with the Mediterranean diet and the
development of asthma and other allergic diseases in chil-
dren was investigated, a total of 12 studies, 3 from our
country, were evaluated (35). Only one of these studies is
a cohort study, one is a longitudinal study, and the others
are cross-sectional studies. In all studies, the relationship
of the Mediterranean diet with asthma and/or wheezing,
and eczema in only two were investigated, while none of
them evaluated the relationship with food allergy. In many
of the studies included in the analysis, adherence to the
Mediterranean diet was associated with reduced asthma
frequency, airway inflammation, and symptom frequency,
and higher respiratory function and asthma-related inter-
leukin levels. However, no relationship was found between
adherence to the Mediterranean diet and the presence of
allergic rhinitis, eczema, rhinoconjunctivitis, or atopic
condition. Among the studies included in this systematic
review, the heterogeneity between study design, number of
patients, Mediterranean diet adherence scales, and assess-
ment criteria may have influenced the results of the analy-
sis (35).

A systematic review (36) and several meta-analyses
(37-40) published in previous years also investigated the
effect of the Mediterranean diet on asthma. These analy-
ses showed that the presence of asthma (34,36,39), and the
presence of wheezing (34,37-39) and severe wheezing (37)
were decreased in children who followed the Mediterra-
nean diet. However, its relation with lung functions and
bronchial hypersensitivity could not be determined (41).

4. Nutritional Diversity

Microbiota is a very important component for main-
taining the integrity of the intestinal wall and the balance
of the immune system. Dietary diversity is highly influ-
ential on the diversity of the microbiome. Compounds
produced by the breakdown of nutrients along with their
natural microbial load are necessary for the development
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and differentiation of the intestinal microbiota. Thus, the
development and maturation of the immune system in
the whole body system, starting from the intestine, can be
regulated. Food diversity can therefore be protective on
the development of allergic diseases as well as many dis-
eases such as cancer. Many studies have shown that food
diversity can reduce the development of allergic diseases
(42-45). Introducing children to different food groups at
an early age, especially during infancy, has an effect on the
differentiation and development of the intestinal micro-
biota repertoire, and also induces the development of tol-
erance to foods.

To date, case-control studies have been published
showing that fermented food diversity is effective on the
development of atopic dermatitis, allergic proctocolitis,
and cow’s milk allergy (46-48). Another important issue
is that home-style nutrition can reduce the development
of food allergy from allergic diseases. In a study, the fre-
quency of food allergy was found to be lower at the age of
two years in home-fed children (42). The authors stated
that the microbial load, which is found at a higher rate in
homemade foods than ready-made commercial products,
may be protective regarding the development of the dis-
ease (49).

In conclusion, according to our current knowledge,
maternal use of antioxidant supplements during pregnan-
cy does not reduce the risk of developing allergic diseases
in their children. The most correct approach should be to
support mothers to continue their diet with high antioxi-
dant content during pregnancy.

5. Vitamin A and Beta-Carotene

Beta-carotene is a red-orange pigment that can con-
vert to vitamin A and is commonly found in vegetables
and fruits. After beta-carotene is taken into the body, it
accumulates in the nine membranes, fights with the super-
oxide anion, and interacts with peroxyl free radicals. It is
most commonly found in carrots, cabbage, mangoes, and
peaches (50).

Vitamin A is an antioxidant as well as a protectant
against infections. It helps in monocyte, macrophage, and
lymphocyte differentiation (51,52). It helps to maintain the
integrity of mucous membranes, provides hematopoiesis,
increases antibody production, and induces the production
of transforming growth factor (TGF-beta). It also regulates

T and B cell functions and provides gene transcription. In
vitamin A deficiency, the number of CD4+ T lymphocytes
decreases, and the CD4+/CD8+ ratio decreases (51). An
experimental study conducted in previous years showed
that consumption of vitamin A and its components may
elicit Th2 responses (52).

In a birth cohort study conducted in Finland, a 1.12-
fold increase in the risk of developing cow’s milk allergy
in children at the age of 3 was found if the mother con-
sumed foods containing beta-carotene or beta-carotene as
nutritional support during pregnancy. In this study, it is
seen that the socioeconomic status and education level of
mothers who are fed a diet with high antioxidant content
were higher. This diet have also enabled mothers to adopta
healthier lifestyle and to care about their children’s allergic
conditions (53). When looking at other allergic diseases,
the beta-carotene levels in Vitamin A content were found
to be lower in many children with asthma and wheezing
compared to healthy control groups (54-56).

6. Vitamin C

Vitamin C (ascorbic acid) is the most abundant anti-
oxidant in the body. It scavenges oxygen free radicals and
suppresses superoxide anions secreted from macrophages.
It is most commonly found in cherries, citrus fruits, broc-
coli and cabbage. It has a reducing effect on oxidative
damage, infections and inflammation in tissues.

It has been shown that feeding the mother with foods
high in vitamin C and copper protects her child from food
allergy, but this result it is not associated with consumption
of zinc, vitamin E and beta-carotene (39). In the literature,
there are many studies with conflicting results showing
that there is a direct and inverse relationship between vita-
min C consumption and the frequency of wheezing. In a
meta-analysis including 22 (cohort, cross-sectional, and
case-control) studies examining the relationship between
fruit intake with high vitamin C content and asthma and
asthma-like symptoms, a negative correlation was shown
between vitamin C intake and the development of asth-
ma (57). With a more limited dataset, a meta-analysis of
two published birth cohort studies found no association
between maternal vitamin C intake in pregnancy and
wheezing at the age of 2 years (57). Intervention studies
with vitamin C in pregnancy for the prevention of allergic
diseases are insufficient.
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7. Vitamin E

Vitamin E is one of the first antioxidants and is the
common name of 8 different vitamin E components in
its content. Alpha- and gamma-tocopherol are the most
common vitamin E components. Alpha-tocopherol has
an anti-inflammatory effect, while gamma-tocopherol
has an inflammatory effect (57). Alpha-tocopherol is
the most important fat-soluble antioxidant. It prevents
cell membrane damage due to oxidation in humans, and
stops chain reactions related to lipid peroxidation. Alpha-
tocopherol is abundant in green leafy vegetables, seed oils,
olive oil, and sunflower oil. Canula and soybean oil con-
tain gamma-tocopherol and inhibit the beneficial effects
of alpha-tocopherol (58).

Vitamin E prevents long chain-PUFA and protein oxi-
dation. In addition, it helps to reduce Th2 responses while
supporting the formation of Thl responses in T cell dif-
ferentiation (59). It also causes an increase in lymphocyte
proliferation, NK cell activation, antibody production, and
phagocytic activity of macrophages. Vitamin E levels of
the mother during pregnancy are very important for fetal
growth, lung development, and maturation (60).

Finally, it was shown in a recently published meta-anal-
ysis that maternal nutrition during pregnancy, especially
vitamin E consumption, is protective against wheezing in
children, but has no effect on other allergic diseases (61).
However, a cohort study conducted in Finland found that
consumption of foods and vitamin E caused the develop-
ment of cow’s milk allergy, while selenium consumption
was protective (62).

These results are also supported by many studies (63-
65). The results are inconsistent for other high antioxidant
diets. In conclusion, although the high consumption of
antioxidants in the mother’s diet during pregnancy pro-
tects her children from asthma or wheezing, there is not
enough evidence for food allergy as yet. However, it has
not been shown that taking vitamin E supplements in
addition to the diet prevents the development of allergic
diseases.

8. Selenium

Selenium is a mineral that acts as a coenzyme of glu-
tathione peroxidase. It is most commonly found in sea-
food, meat, nuts, and wheat. Selenium content in food is
related to its amount in the soil. It participates in the struc-

ture of glutathione peroxidase and protects cells from the
oxidative damage of lipid peroxidation. Vitamins C and E
increase selenium absorption (59).

If the amount of selenium in the serum of the mother
is high during pregnancy, the frequency of wheezing was
found to be lower in the children (66). In another study,
it was shown that high levels of selenium in the moth-
er’s blood during pregnancy and in the cord blood dur-
ing delivery were associated with lower wheezing in the
first two years (67), while it had no effect at the age of five
(68). In other studies, an inverse relationship between the
amount of selenium in the serum and the prevalence of
asthma and respiratory symptoms and a direct correlation
with lung functions were found (16,65,69).

9. Zinc

Zinc is an element that interacts with superoxide dis-
mutase (SOD) and vitamin E metabolism. Continuous
exposure to antigenic molecules in the intestines causes
chronic inflammatory changes and increased reactive
oxygen radicals (ROS) (70). Excessive amounts of ROS
are neutralized by antioxidant barrier compounds. In the
absence of an adequate defense barrier, oxidation resulting
from enzymatic and non-enzymatic reactions can damage
lipid compounds in the cell membrane (70).

Zinc is an essential trace element involved in many
cellular enzymatic reactions. It acts as a cofactor of many
enzymes, especially SOD, which are involved in maintain-
ing the oxidant-oxidant balance. To date, there is no study
investigating the role of zinc in preventing the develop-
ment of food allergy. Only one study has found low con-
centrations of zinc in serum samples of children aged
1-36 months with food allergies. The authors stated that
zinc deficiency weakens the antioxidant barrier. Finally,
a recently published meta-analysis has shown that the
mother’s consumption of zinc during pregnancy was pro-
tective against wheezing in her children, but had no effect
on other allergic diseases (61).

10. Essential Fatty Acids

Essential fatty acids (EFAs) are important immune
regulators. Fatty acids are divided into saturated and
unsaturated fatty acids. It contains PUFA in unsaturated
fatty acids. Among PUFAs, linoleic acid includes alpha-
linolenic acid, while long chain polyunsaturated fatty acids
(LC-PUFAs) include omega-3 and omega-6 fatty acids.
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Omega-3 fatty acids have anti-inflammatory properties,
while omega-6 fatty acids have pro-inflammatory proper-
ties (71).

PUFAs generally regulate dendritic cell and Treg func-
tions. At the same time, they form the building blocks of
resolvin and protectorins, which are anti-inflammatory
molecules. They inhibit the release of free radicals and
increase the expression of MHC I and IT (71).

Among the essential fatty acids, linoleic acid and n-6
PUFA are converted to arachidonic acid (AA), eicosa-
noid degradeted by elongase and desaturase enzymes and
plays an important role in the development of allergy. On
the other hand, alpha-lineloic acid (ALA), which is n-3
PUFA, is converted to eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) into anti-inflammatory and/
or prosoluble lipid molecules (for example, resolvin and
protectorin). EPA also biologically converts to less potent
prostaglandin and leukotriene precursors than n-6 com-
pounds. Since n-3 and n-6 compounds are in competition
for the same metabolic pathway, the increase in n-3 PUFA
intake will theoretically result in EPA and DHA intake
instead of AA, together with a decrease in n-6 PUFA
intake, and will result in a decrease in many immunologi-
cal responses such as allergy (72).

Eicosapentaenoic acid is taken as part of the normal
diet from birth through breast milk, infant formula, and
foods (72). Eicosapentaenoic acid is involved in the for-
mation of the protective hydrolipidic film layer of the skin
and intestinal mucosa (73). Although it is considered to
be a strong possibility that EFA has a role in the preven-
tion and treatment of allergic diseases, it was shown that
it has no effect on the prevalence and incidence of food
allergy in childhood in a systematic review evaluating the
previous studies (73). However, the limited number of
studies and the high heterogeneity among them (3 studies;
915 children; RR (risk ratio) 0.81, 95% CI 0.56-1.19%, I*
(fraction of variance due to heterogeneity) = 63%; RD (risk
difference) 0.02, 95% CI: 0.06-0.02% , 1>=74%) may have
affected the results. Longitudinal studies with large series
are needed on this subject.

In a recently published meta-analysis, it was shown,
contrary to expectations, that the mother’s intake of n-3
essential fatty acids (omega 3 fatty acids) during pregnan-
cy is associated with atopic diseases that will develop in the
child (74). The results were inconsistent as the effect on

fewer patients was investigated in interventional studies.
There is a need for new studies with a homogeneous struc-
ture that will reveal that the mother should use the right
nutritional strategies and omega-3 support during preg-
nancy. In observational studies investigating the effect of
PUFA consumption during pregnancy on allergic diseas-
es, consuming omega-3 rich foods during pregnancy and
lactation reduced the risk of developing allergic diseases
(75,76).

In a Cochrane meta-analysis, 8 randomized controlled
trials were analyzed, five of which evaluated the risk of
developing allergic disease in the offspring of mothers who
took omega-3 supplements during pregnancy, two during
lactation, and one during pregnancy and lactation. When
the children were evaluated at 12-36 months, the frequen-
cy of all allergic diseases decreased with no effect detected
at 36 months. The reduction in a single food allergy is seen
at the 12th month evaluation although this effect disap-
peared between 12-36 months. As a result, it can be said
that there is limited evidence yet in terms of protecting the
children from food allergy by providing omega-3 supple-
mentation to the mother during pregnancy (77).

11. Vitamin D

Vitamin D is required for calcium metabolism and
bone health, as well as for natural and adaptive immune
system responses (78). The active component of Vitamin
D, 1,25(0OH)2D (calcitriol), has positive effects on epithe-
lial cells, T and B cells, dendritic cells, and other immune
system cells. It has been shown that there are receptors for
vitamin D on all cells that make up the adaptive immune
system. Vitamin D is involved in the production of catheli-
cidin, one of the antimicrobial proteins. Thus, the forma-
tion of mucosal integrity is ensured. In addition, Vitamin
D affects the development of tolerance by inducing regula-
tory T cells (Treg) and tolerogenic dendritic cells by many
mechanisms. Vitamin D plays an important role in the
prevention of food allergies (79). In clinical studies to date,
the administration of vitamin D supplementation has been
found to be ineffective in preventing the development of
food allergy. In a systematic review, it was shown that vita-
min D supplementation does not have a protective effect
on the development of allergic diseases, but the low level
of evidence available at present should be considered (80).

As a result, studies to date have shown that the moth-
er’s high antioxidant diet and Mediterranean diet have an
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effect on the prevention of allergic diseases such as asthma
and wheezing, but not the development of food allergy and
eczema. The limited number of studies with large series on
this subject and the differences in the designs of the stud-
ies are an obstacle for us to make a definitive approach. It
is quite necessary to focus on studies on the regulation of
nutrition and to develop new anti-allergy approaches. In
this regard, it is very important that allergists and dieti-
tians work in cooperation.

Acknowledgement

None.

Authorship Contributions

Concept: Pinar Uysal, Serdal Ogut, Design: Pinar Uysal, Data
collection or processing: Pinar Uysal, Serdal Ogut, Analy sis or In-
terpretation: Serdal Ogut, Literature search: Pinar Uysal, Writing:
Pinar Uysal, Serdal Ogut, Approval: Pinar Uysal, Serdal Ogut.

REFERENCES

1. West CE, D’Vaz N, Prescott SL. Dietary immunomodulatory
factors in the development of immune tolerance. Curr Allergy
Asthma Rep 2011;11:325-33.

2. Prescott SL. Early Nutrition as a Major Determinant of Tmmune
Health’: Implications for Allergy, Obesity and Other Noncom-
municable Diseases. Nestle Nutr Inst Workshop Ser 2016;85:1-
17.

3. Tricon S, Willers S, Smit HA, Burney PG, Devereux G, Frew AJ.
Nutrition and allergic disease. Clin Exp Allergy Rev 2006;6:117-
88.

4. Fogarty A, Lewis S, Weiss S, Britton J. Dietary vitamin E, IgE
concentrations and atopy. Lancet 2000;356:1573-4.

5. Fogarty A, Lewis SA, Scrivener SL, Antoniak M, Pacey S, Pringle
M, et al. Oral magnesium and vitamin C supplements in asthma.
A parallel group randomized placebo-controlled trial. Clin Exp
Allergy 2003;33:1355-9.

6. Neurauter G, Wirleintner B, Schroecksnadel K, Schennach H,
Fuchs D. Wine and grape juice modulate biochemical pathways
in stimulated human peripheral blood mononuclear cells. Pteri-
dines 2004;15:1-6.

7. Stockinger S, Hornef MW, Chassin C. Establishment of intesti-
nal homeostasis during the neonatal period. Cell Mole Life Sci
2011;68:3699-712.

8. Mazzocchi A, Venter C, Maslin K, Agostoni C. The role of
nutritional aspects in food allergy: prevention and management.
Nutrients 2017;9(8):850.

9. TIerodiakonou D, Garcia-Larsen V, Logan A, Groome A, Cunha
S, Chivinge J, et al. Timing of allergenic food introduction to the
infant diet and risk of allergic or autoimmune disease: a system-
atic review and meta-analysis. JAMA 2016;316:1181-92.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Torres-Borrego J, Moreno-Solis G, Molina-Teran AB. Diet
for the prevention of asthma and allergies in early childhood:
much ado about something? Allergol Immunopathol (Madr)
2012;40(4):244-52.

Murr C, Schroecksnadel K, Winkler C, Ledochowski M, Fuchs
D. Antioxidants may increase the probability of developing
allergic diseases and asthma. Med Hypotheses 2005;64:973-7.

Ngoc LP, Gold DR, Tzianabos AO, Weiss ST, Celedon JC.
Cytokines, allergy, and asthma. Curr Opin Allergy Clin Immu-
nol 2005;5:161-6.

Lloyd C, Hessel EM. Functions of T cells in asthma: more than
just Th2 cells. Nat Rev 2010;10:838-48.

Sackesen C, Ercan H, Dizdar E, Soyer O, Gumus P, Tosun BN,
et al. A comprehensive evaluation of the enzymatic and non-
enzymatic antioxidant systems in childhood asthma. J Allergy
Clin Immunol 2008;12:78-85.

Koss Mikoajczyk I, Baranowska M, Todorovic V, Albini A, San-
sone C, Andreoletti P, et al. Prophylaxis of noncommunicable
diseases: why fruits and vegetables may be better chemopreven-
tive agents than dietary supplements based on isolated phyto-
chemicals? Curr Pharm Des 2019;25:1847-60.

Sardecka I, Krogulska A, Toporowska-Kowalska E. The influ-
ence of dietary immunomodulatory factors on development of
food allergy in children. Postepy Dermatol Alergol 2017;34:89-
96.

Gostner JM, Becker K, Ueberall F, Fuchs D. The good and bad of
antioxidant foods: An immunological perspective. Food Chem
Toxicol 2015;80:72-9.

Hall JA, Grainger JR, Spencer SP, Belkaid Y. The role of retinoic
acid in tolerance and immunity. Immunity 2011;35:13-22.

Milewska-Wrébel D, Lis-Swie;ty A. Does antioxidant-rich diet
during pregnancy protect against atopic multimorbidity in chil-
dren? Explore (NY) 2022;18(1):96-9.

Guilleminault L, Williams EJ, Scott HA, Berthon BS, Jensen M,
Wood LG. Diet and asthma: is it time to adapt our message?
Nutrients 2017;9:1227.

Verduci E, Martelli A, Miniello VL, Landi M, Mariani B, Bram-
billa M, et al. Nutrition in the first 1000 days and respiratory
health: A descriptive review of the last five years’ literature.
Allergol Immunopathol (Madr) 2017;45(4):405-13.

Schwingshackl L, Hoffmann G. Mediterranean dietary pattern,
inflammation and endothelial function: A systematic review and
meta-analysis of intervention trials. Nutr Metab Cardiovasc Dis
2014;24:929-39.

Wood LG, Garg ML, Smart JM, Scott HA, Barker D, Gibson PG.
Manipulating antioxidant intake in asthma: A randomized con-
trolled trial. AmJ Clin Nutr 2012;96:534-43.

Koumpagioti D, Boutopoulou B, Douros K. The Mediterranean
diet and asthma. In The Mediterranean Diet: An Evidence-
Based Approach, 2nd ed, Preedy VR, Watson RR (eds), Aca-
demic Press: Cambridge, 2020; 327-33.

100

Asthma Allergy Immunol 2024;22:94-102



Uysal P, Ogut S

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Amazouz H, Roda C, Beydon N, Lezmi G, Bourgoin-Heck M,
Just J, et al. Mediterranean diet and lung function, sensitization,
and asthma at school age: The PARIS cohort. Pediatric Allergy
Immunol 2021;32:1437-44.

Alphantonogeorgos G, Panagiotakos DB, Grigoropoulou D,
Yfanti K, Papoutsakis C, Papadimitriou A, et al. Investigating the
associations between Mediterranean diet, physical activity and
living environment with childhood asthma using path analysis.
Endocr Metab Immune Disord Drug Targets 2014;14(3):226-33.

Malaeb D, Hallit S, Sacre H, Malaeb B, Hallit R, Salameh P. Diet
and asthma in Lebanese schoolchildren: A cross-sectional study.
Pediatr Pulmonol 2019;54(6):688-97.

Rice JL, Romero KM, Galvez Davila RM, Meza CT, Bilderback
A, Williams DL, et al. Association between adherence to the
Mediterranean Diet and asthma in Peruvian children. Lung
2015;193:893-9.

Tamay Z, Akcay A, Ergin A, Guler N. Effects of dietary habits
and risk factors on allergic rhinitis prevalence among Turkish
adolescents. Int ] Pediatr Otorhinolaryngol 2013;77(9):1416-23.

Akcay A, Tamay Z, Hocaoglu AB, Ergin A, Guler N. Risk factors
affecting asthma prevalence in adolescents living in Istanbul,
Turkey. Allergol Immunopathol (Madr) 2014;42(5):449-58.

Lange NE, Rifas-Shiman SL, Camargo CA, Jr Gold DR, Gillman
MW, Litonjua AA. Maternal dietary pattern during pregnancy
is not associated with recurrent wheeze in children. J Allergy
Clinic Immunol 2010;126:250-5.

Moonesinghe H, Patil VK, Dean T, Arshad SH, Glasbey G,
Grundy J, et al. Association between healthy eating in pregnancy
and allergic status of the offspring in childhood. Ann Allergy
Asthma Immunol 2016;116(2):163-5.

Loo EXL, Ong L, Goh A, Chia AR, Teoh OH, Colega MT, et
al. Effect of maternal dietary patterns during pregnancy on self-
reported allergic diseases in the first 3 years of life: results from
the GUSTO Study. Int Arch Allergy Immunol 2017;173(2):105-
13.

Castro-Rodriguez JA, Garcia-Marcos L. What are the effects of
a mediterranean diet on allergies and asthma in children? Front
Pediatr 2017;5:72.

Koumpagioti D, Boutopoulou B, Moriki D, Priftis KN, Douros
K. Does adherence to the Mediterranean diet have a protective
effect against asthma and allergies in children? A Systematic
Review. Nutrients 2022;14(8):1618.

Papamichael MM, Itsiopoulos C, Susanto NH, Erbas, B. Does
adherence to the Mediterranean dietary pattern reduce asthma
symptoms in children? A systematic review of observational
studies. Public Health Nutr 2017;20:2722-34.

Garcia-Marcos L, Castro—Rodriguez JA, Weinmayr G, Panagio-
takos DB, Priftis KN, Nagel G. Influence of Mediterranean diet
on asthma in children: A systematic review and meta-analysis.
Pediatric Allergy Immunol 2013;24:330-8.

Zhang Y, Lin J, Fu W, Liu S, Gong C, Dai J. Mediterranean diet
during pregnancy and childhood for asthma in children: A sys-

tematic review and meta-analysis of observational studies. Pedi-
atr Pulmonol 2019;54:949-61.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Nurmatov U, Devereux G, Sheikh A. Nutrients and foods for
the primary prevention of asthma and allergy: Systematic review
and meta-analysis. ] Allergy Clinic Immunol 2011;127:724-33.

Lv N, Xiao L, Ma J. Dietary pattern and asthma: A systematic
review and meta-analysis. J. Asthma Allergy 2014;12:105-21.

Grimshaw KE, Maskell J, Oliver EM, Morris RC, Foote KD,
Mills EN, et al. Diet and food allergy development during infan-
cy: birth cohort study findings using prospective food diary data.
J Allergy Clin Immunol 2014;133:511-9.

Roduit C, Frei R, Depner M, Schaub B, Loss G, Genuneit J, et
al. Increased food diversity in the first year of life is inversely
associated with allergic diseases. J Allergy Clin Immunol
2014;133:1056-64.

Ellwood P, Asher MI, Garcia-Marcos L, Williams H, Keil U,
Robertson C, et al. Do fast foods cause asthma, rhinoconjuncti-
vitis and eczema? Global findings from the International Study
of Asthma and Allergies in Childhood (ISAAC) phase three.
Thorax 2013;68:351-60.

McKeever TM, Lewis SA, Cassano PA, Ocké M, Burney P, Brit-
ton J, et al. Patterns of dietary intake and relation to respira-
tory disease, forced expiratory volume in 1 s, and decline in 5-y
forced expiratory volume. Am J Clin Nutr 2010;92:408-15.

Celik V, Beken B, Yazicioglu M, Ozdemir PG, Sut N. Do tradi-
tional fermented foods protect against infantile atopic dermati-
tis. Pediatric Allergy Immunol 2019;30(5):540-6.

Karatas P, Uysal P, Kahraman Berberoglu B, Erge D, Calisir
H. The low maternal consumption of homemade fermented
foods in pregnancy is an additional risk factor for food protein-
induced allergic proctocolitis: a case-control study. Int Arch
Allergy Immunol 2022;183(3):262-70.

Gulec Koksal Z, Uysal P, Mercan A, Atar Bese S, Erge D. Does
maternal fermented dairy products consumption protect against
from cow’s milk protein allergy in toddlers? Ann Allergy Asth-
ma Immunol 2023;130(3):333-9.

Randhawa S, Kakuda Y, Wong CL, Yeung DL. Microbial safe-
ty, nutritive value and residual pesticide levels are comparable
among commercial, laboratory and homemade baby food sam-
ples—a pilot study. Open Nutr J 2012;6:89-96.

Kelly F. Oxidative stress: its role in air pollution and adverse
health effects. Occup Environ Med 2003;60:612-6.

Retinoic acid mediates monocyte differentiation and immune
response. Cancer Disco May;10(5):OF7.

Miyake Y, Sasaki S, Tanaka K, Hirota Y. Consumption of vegeta-
bles, fruit, and antioxidants during pregnancy and wheeze and
eczema in infants. Allergy 2010;65: 758-65.

Ruhl R. Effects of dietary retinoids and carotenoids on immune
development. Proc Nutr Soc 2007;66:458-69.

Arora P, Kumar V, Batra S. Vitamin A status in children with
asthma. Pediatric Allergy Immunol 2002;13:223-6.

Willers S, Wijga AH, Brunekreef B, Kerkhof M, Gerritsen J,
Hoekstra MO, et al. Maternal food consumption during preg-

nancy and the longitudinal development of childhood asthma.
Am J Respir Crit Care Med 2008;178:124-31.

Asthma Allergy Immunol 2024;22:94-102

101



Maternal Diet and Prevention of Allergy

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Martindale S, McNeill G, Devereux G, Campbell D, Russell G,
Seaton A. Antioxidant intake in pregnancy in relation to wheeze
and eczema in the first two years of life. Am J Respir Crit Care
Med 2005;171:121-8.

West C, Dunstan ], McCarthy S, Metcalfe ], D’Vaz N, Meldrum S,
et al. Association between maternal antioxidant intakes in preg-
nancy and infant allergic outcomes. Nutrients 2012;11:1747-58.

Moreno-Macias H, Romieu I. Effects of antioxidant supple-
ments and supplements on patients with asthma and allergies. |
Allergy Clin Immunol 2014;133(5):1237-44.

Litonjua AA, Rifas-Shiman SL, Ly NP, Tantisira KG, Rich-
Edwards JW, Camargo CA Jr, et al. Maternal antioxidant intake
in pregnancy and wheezing diseases in children at 2 y of age. Am
] Clin Nutr 2006;84:903-11.

Beckhaus AA, Garcia-Marcos L, Forno E, Pacheco-Gonzalez
RM, Celedén JC, Castro-Rodriguez JA. Maternal nutrition dur-
ing pregnancy and risk of asthma, wheeze, and atopic diseases
during childhood: a systematic review and meta-analysis. Aller-
gy 2015;70:1588-604.

Tuokkola J, Lamminsalo A, Metséld J, Takkinen HM, Tapa-
nainen H, Akerlund M, et al. Maternal antioxidant intake dur-
ing pregnancy and the development of cows’ milk allergy in the
offspring. Br ] Nutr 2021;125(12):1386-93.

Riccioni G, Barbara M, Bucciarelli T, di [lio C, D’Orazio N.
Antioxidant vitamin supplementation in asthma. Ann Clin Lab
Sci 2007;37:96-101.

Schunemann HJ, Grant BJ, Freudenheim JL, Muti P, Browne
RW, Drake JA, et al. The relation of serum levels of antioxi-
dant vitamins C and E, retinol and carotenoids with pulmonary
function in the general population. Am J Respir Crit Care Med
2001;163:1246-55.

Hu G, Cassano PA. Antioxidant nutrients and pulmonary func-
tion: the Third National Health and Nutrition Examination Sur-
vey (NHANES III). Am] Epidemiol 2000;151:975-81.

Shaheen SO, Newson RB, Henderson AJ, Pacheco-Gonzalez
RM, Celedén JC, Castro-Rodriguez JA. Umbilical cord trace ele-
ments and minerals and risk of early childhood wheezing and
eczema. Eur Respir ] 2004;24: 292-7.

Hoffman PR. Selenium and asthma: a complex relationship.
Allergy 2008;63:854-6.

Devereux G, McNeill G, Newman G, Turner S, Craig L, Martin-
dale S, et al. Early childhood wheezing symptoms in relation to
plasma selenium in pregnant mothers and neonates. Clin Exp
Allergy 2007;37:1000-8.

Rubin RN, Navon L, Cassano PA. Relationship of serum anti-
oxidants to asthma prevalence in youth. Am J Respir Crit Care
Med 2004;169:393-8.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Shaheen SO, Sterne JA, Thompson RL, Songhurst CE, Margetts
BM, Burney PG. Dietary antioxidants and asthma in adults:
population-based case-control study. Am ] Respir Crit Care
Med 2001;164:1823-8.

Kamer B, Wasowicz W, Pyziak K, Kamer-Bartosinska A, Jolanta
Gromadzinska J, Pasowska R. Role of selenium and zinc in the
pathogenesis of food allergy in infants and young children. Arch
Med Sci 2012;8:1083-8.

Kunisawa J, Arita M, Hayasaka T, Harada T, Iwamoto R,
Nagasawa R, et al. Dietary fatty acid exerts anti-allergic effect
through the conversion to 17,18-epoxyeicosatetraenoic acid in
the gut. Sci Rep 2015;5:9750.

Schindler T, Sinn JK, Osborn DA. Polyunsaturated fatty acid
supplementation in infancy for the prevention of allergy.
Cochrane Database Syst Rev 2016;10:CD010112.

Hamazaki K, Tsuchida A, Takamori A, Tanaka T, Ito M, Inadera
H. Dietary intake of fish and v-3 poly unsaturated fatty acids and
physician-diagnosed allergy in Japanese population: the Japan
Environment and Children’s Study. Nutrition 2019;61:194-201.
Kull I, Bergstrom A, Lilja G, Pershagen G, Wickman M. Fish
consumption during the first year of life and development of
allergic diseases during childhood. Allergy 2006;61:1009-15.

Oien T, Storre O, Johnsen R. Do early intake of fish and fish
oil protect against eczema and doctor-diagnosed asthma at 2
years of age? A cohort study. ] Epidemiol Community Health
2010;64:124-9.

Gunaratne AW, Makrides M, Collins CT. Maternal prenatal
and/or postnatal n-3 long chain polyunsaturated fatty acids
(LCPUFA) supplementation for preventing allergies in early
childhood. Cochrane Database Syst Rev 2015;(7):CD010085.

Prietl B, Treiber G, Pieber TR, Amrein K. Vitamin D and
immune function. Nutrients 2013;5:2502-21.

Peroni DG, Boner AL. Food allergy: The perspectives of pre-
vention using vitamin D. Curr Opin Allergy Clin Immunol
2013;13:287-92.

Yepes-Nunez JJ, Brozek JL, Fiocchi A, Pawankar R, Cuello-
Garcia C, Zhang Y, et al. Vitamin D supplementation in primary
allergy prevention: Systematic review of randomized and non-
randomized studies. Allergy 2018;73(1):37-49.

Warner JO, Warner JA. The foetal origins of allergy and poten-
tial nutritional interventions to prevent disease. Nutrients
2022;14(8):1590.

Tareke AA, Hadgu AA, Ayana AM, Zerfu TA. Prenatal vitamin
D supplementation and child respiratory health: A system-
atic review and meta-analysis of randomized controlled trials.
World Allergy Organ ] 2020;13(12):100486.

102

Asthma Allergy Immunol 2024;22:94-102



