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The role of antioxidants, fatty acids and maternal diet
to children with asthma and allergy
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ABSTRACT: The increase in the prevalence of asthma and allergic diseases highlights the need for devising effective pre-
venting strategies. Although the genetics of these disorders are being investigated, manipulation of known environmental
risk factors and diet is an effective approach to this problem. Avoidance of cow’s milk protein with exclusive breast-feeding
(with or without maternal avoidance of allergenic foods) or hydrolyzed formula has been suggested for infants at risk of
allergy. It has also been proposed that introduction of other highly allergenic foods, such as eggs and nuts, to the infant is
delayed. Currently it has been hypothesized that decreasing antioxidant (vit A, vit C, selenium), increasing n-6 polysaturated
fatty acid (PUFA; vegetable oil, margarine), and decreasing n-3 PUFA (oil fish) intakes, all have contributed to the recent
increases in asthma and atopic disease. However, epidemiologic studies in adults and children have reported beneficial
associations between dietary antioxidants, lipids and parameters of asthma and atopic disease. In this review, we analyze

the role of diet in children and adults with allergies, atopy and asthma.
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1. INTRODUCTION

Asthma is a chronic, complex, obstructive lung dis-
ease characterized by acute symptomatic episodes of
varying bronchial constriction that occurs in response
to viral infections or other triggers such as allergens
and exercise'~.

The term ‘allergy’ was originally introduced in 1906
by Von Pirquet from the Greek words (GMo=other
and €pyov=action). Gell and Coomps proposed a
general classification of immunological reactions in-
volved in respiratory allergy. These immunological
mechanisms are classified as a type I hypersensitivity
reaction, associated with increased synthesis of al-
lergy-specific IgE. The disorders and syndromes as-
sociated with immediate-onset allergy are classified
as atopic and non-atopic disorders?.

The term «atopy» in the early 1920s by Coca and
Cooke explain a series of syndromes (asthma, rhini-
tis, eczema) with hereditary transmission*. Currently
atopy is characterized by the following:

a) Syndromes including allergic asthma, allergic
rhinitis and atopic eczema,

b) Hereditary transmission,

¢) Increased synthesis of IgE antibody against
environmental allergens and primary pharmacologi-
cal anomalies or secondary to the interaction of cell-
bound IgE with allergens®.

There has been a dramatic increase in the preva-
lence of asthma and other allergic diseases over the
last few decades. They are now major public health
problems** and an enormous burden on health care
recourses’. Severe asthma and systemic allergic reac-
tions are potentially life-threatening conditions. Ad-
ditionally, these diseases adversely affect the quality of
life of millions of children and adults. Common clini-
cal manifestations of allergy include asthma, allergic
rhinitis, atopic dermatitis, and food allergy. Subjects
with allergic diseases are often atopic, manifested by
sensitization to common allergens. However, atopy is
only one of many factors involved in the pathogen-
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esis of these disorders. The contribution of atopy and
atopy-related genes might vary with the disease in
question. For example, atopy plays a dominant role
in IgE-mediated food allergy, such as peanut allergy,
but alternate immunologic pathways, driven directly
by T lymphocytes, assume significance in conditions
such as nonatopic asthma. A number of risk factors
have been identified, including early introduction of
solid foods, different types of nutrients (e.g. Vitamin
A, Vitamin C, Lipids etc.), infections, allergens, pol-
lutants, and tobacco smoke. The definition and diag-
nosis of asthma and rhinitis in early childhood is most
challenging in view of the lack of uniform criteria and
availability of objective tests to support the diagnosis.
Another consequence is that early childhood aller-
gic manifestations are often transient, and yet many
studies report short term (<5 years follow up) peri-
ods. Most studies suggest that an intervention such
as exclusive breast-feeding prevents wheeze in early
childhood®, but recently, it has been reported that it
might increase the risk of asthma in early adult life’.

3. Maternal Diet
3.1 Maternal diet during pregnancy

Several studies have investigated the preventive ef-
fect of maternal avoidance of highly allergenic foods,
such as cow’s milk, egg, and nuts, during pregnancy to
protect the fetus from the effect of food allergens in-
gested by the mother. A randomized controlled trial
showed that maternal diet (excluding cow’s milk and
egg) during late pregnancy does not protect against
the development of allergies manifestation in geneti-
cally predisposed children®. Additionally there was
some concern regarding maternal and fetal weight
gain. Zeiger et al’ evaluated the effect of maternal
avoidance of allergenic food (cow’s milk, egg, nuts,
fish and soy) during late pregnancy and lactation, sup-
plementation with extensive hydrolysate, and avoid-
ance of solids up to 6 months. There was a reduction
in food sensitization on skin prick tests, food allergic
manifestations, and atopic dermatitis at the age of 2
years. However, no long-term benefit beyond early
childhood was observed'. Lack of weight gain during
the third trimester was again a concern in mothers
who practiced an avoidance diet®. In contrast, chil-
dren with high weight either at birth or later in child-
hood are at increased risk for future asthma!!.

3.2 Maternal diet during lactation

In a randomized controlled trial maternal avoidance
of highly allergenic foods (dairy produce, egg, fish,
peanut, and soy) during lactation in high risk infants
led to a reduction in the prevalence of atopic der-
matitis at 18 months'. In a Japanese study infants in
the intervention group were exclusively breast fed or
given whey hydrolysate, whereas the lactating moth-
ers were given the same whey hydrolysate as the only
source of protein. These infants were compared for
the development of allergy with 2 other groups of chil-
dren. One group was breast fed with the mother con-
suming cow’s milk, while the other group was given
cow’s milk formula. The active group infants showed
lower incidence of atopic dermatitis and cow’s milk
allergy'®. In another trial maternal avoidance diet
(cow’s milk, egg and fish) during the first 3 months
of lactation reduced atopic dermatitis in early child-
hood, but there was no long-tern benefit!+!¢,

4. Exclusive breast-feeding

The duration of the preventive effect of breast-feed-
ing on allergic diseases remains controversial. Exclu-
sive breast-feeding does seem to prevent wheeze and
atopic dermatitis during early childhood®!”. Howev-
er, long-term prospective studies have produced con-
flicting data. Despite that many studies report short
term (<5 years follow up) periods, a relatively small
study of at-risk children with 15 years’ prospective
follow-up did show a reduction in allergic manifesta-
tions in the breast-fed children compared with those
fed cow’s milk or soy milk'®. However, several large
observational studies failed to show a long-term pro-
spective effect of exclusive breast-feeding on asthma
or other allergic manifestations”*%. Two systematic
reviews showed that exclusive breast feeding seems
to have some prospective effect on the development
of allergy®*2. This effect might be due to avoidance
of cow’s milk protein allergen, other dietary constit-
uents of breast milk, an immunomodulatory effect,
or a combination of these. It was recently suggested
that the effect of exclusive breast-feeding might be
dependent on atopic heredity. Those with a genetic
predisposition had a lower incidence of sensitization
and allergic rhinitis, whereas children without such a
predisposition had an increased risk®*.
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5. Hydrolyzed milk formulae

In an attempt to avoid exposure to cow’s milk protein
early in life, hydrolyzed (casein or whey) formulae
are suggested as a replacement for or supplement to
breast feeding. A number of trials have been done
over the last 2 decades to assess the preventive ef-
fect of replacing cow’s milk formula with hydrolysate
or soy milk formulae. Chandra et al** compared the
development of allergies (asthma, atopic dermatitis,
and food allergy) in groups of children fed breast
milk, hydrolyzed formula, cow’s milk formula, and
soy formula. A significant preventive effect of breast
milk and partially hydrolyzed formula was shown
consistently up to the age of 5 years. Another study,
comparing cow’s milk formula and whey hydroly-
sate, showed a reduction in cow’s milk allergy and
atopic dermatitis in the first year of life*. In a study
by Marini et al®, exclusive breast-feeding combined
with hydrolysate supplementation led to a signifi-
cant reduction in various allergic manifestations up
to the age of 3 years. Another trial showed preven-
tion of atopic dermatitis, but not asthma, with the use
of hydrolysate formula®. Proteins can be extensively
or partially hydrolyzed in the infant formulae. For
secondary prevention, in children with cow’s milk al-
lergy, it is generally agreed that only extensive hydro-
lysate should be used to avoid any reaction in highly
sensitized infants.

7. Antioxidants and Asthma

Some observational studies link intake of antioxi-
dants, such as vitamins C, E, A and selenium, and vi-
tamin A with the occurrence of atopy and asthma?’*°,
Observational studies consistently show a protective
effect of omega-3 polyunsaturated fatty-acids (ome-
ga-3 PUFAs) and an increased risk with high intake
of omega-6 PUFAs*# . Thus dietary modifications
of supplementation with fish oil, rich in omega-3 PU-
FAs, might be of some benefit.

7.1 Vitamin C

Many epidemiologic studies have demonstrated that
dietary vitamin C intake or serum ascorbate is posi-
tively associated with ventilatory function (FEV1)
in children and adults®*?. In the First National and
Nutrition Examination Survey (NHANES I) dietary

vitamin C intake was positively associated with FEV1
in adults, with a mean 40-ml FEV1 difference be-
tween subjects with the highest and lowest centiles of
vitamin C intake®. In NHANES III serum, but not di-
etary, vitamin C was positively associated with Forced
Expiratory Volume (FEV1) in a cross-sectional adult
study, with a Standard Deviation (SD) increase in se-
rum vitamin C being associated with an average 17-
ml increase in FEV1¥ | Dietary vitamin C has been
less frequently associated with asthma and wheezing
symptoms in children and adults®”*. In NHANES IIT
a negative association between serum ascorbate and
asthma was reported in children aged 4 to 16 years,
with a SD increase in serum ascorbate being associ-
ated with a 19% reduction in asthma prevalence®,

7.2 Vitamin E

Lipid-soluble vitamin E is the principal defense
mechanism against oxidant-induced membrane in-
jury. In contrast to vitamin C, it has also non-antioxi-
dant effects on immune function that might account
for differences in its epidemiologic associations.
Studies have consistently demonstrated beneficial as-
sociations between dietary vitamin E and ventilatory
function®-%4 and a few have demonstrated beneficial
associations with asthma and atopy*-*.

In a cross sectional study among children aged 11
to 19 years, dietary vitamin E intake was positively
associated with ventilatory function®. These associa-
tions were more marked in boys, with dietary vita-
min E intakes in the lowest centiles being associated
with reduced FEV25-75 (8.9%), FEV1/forced vital
capacity ratio (2.3%), and peak expiratory flow rate
(5.1%) when compared with intakes greater than the
lowest centiles. The Caerphilly heart disease study*
reported that dietary vitamin E intake was positively
associated with FEV1 in a cross-sectional analysis. A
5-year longitudinal analysis indicated that the protec-
tive effect of vitamin E was not reversible because
there was no significant association between change
in FEV1 over a 5-year period in change in dietary vi-
tamin E intake or average dietary vitamin E intake*.
Dietary vitamin E intake was negatively associated
with asthma and wheezing in a case-control study of
12-year-old Saudi Arabian children*..
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7.4 Selenium

The trace element selenium enters the food chain
through plants, but there is wide geographic variation
in soil selenium content. Selenium is an important
antioxidant, principally because of its incorporation
into glutathione peroxidase, an enzyme that plays a
key role in protective cells against oxidative damage.
Selenium status has been negatively associated with
asthma, respiratory symptoms, and ventilatory func-
tion*¥4, A negative association between asthma and
serum selenium content in children aged 4 to 16 years
has been demonstrated in NHANES III, with a SD
increase in serum selenium being associated with a 10
% reduction in asthma prevalence™.

7.5 Fruits

Potential advantages of investigating dietary fruit are
that intake tends to be easily remembered, portion
size is obvious, and fruits contain many potential im-
portant antioxidants that cannot be currently quan-
tified. Furthermore, by demonstrating associations
with fruit, the nature of potential intervention studies
and public health measures are obvious and more ac-
ceptable. Beneficial associations have been reported
between fruit intake and asthma**, ventilatory func-
tion* , and respiratory symptoms® in children and
adults.

8. Lipids and Asthma

An attractive feature of the hypothesis is the pro-
posed mechanism by which atopic sensitization and
inflammation could be promoted by decreasing di-
etary intakes of n-6 PUFAs from margarine and veg-
etable oils and increasing intake of n-3 Polyunsatu-
rated fatty acids (PUFAs) from oily fish*. The most
common dietary PUFAs are linoleic-acid (n-6) and
a-linolenic acid (n-3), both of which can be converted
to longer-chain PUFAs by a single desaturation and
elongation enzyme pathway. Linoleic acid is con-
verted into arachidonic acid that can be metabolized
by cyclooxygenase (COX) and lipoxygenase enzymes
ultimately to produce 2-series prostaglandins, throm-
boxanes, and 4-series leukotrienes, lipoxins that are
of particular pertinence to asthma and atopic disease.
Four-series leukotrienes have pro-inflammatory ac-
tivity*, and the two series prostaglandin E2 (PGE2)

is known to have immunomodulatory properties,
promoting the TH2 immunoresponse phenotype as-
sociated with asthma and atopic disease.

Several studies have related cord blood PUFA
composition to the subsequent development of atopic
disease*™*, with the largest of them finding no asso-
ciation between cord blood PUFA intake and subse-
quent childhood eczema and wheezing®. Galli et al*’
reported significant reductions in cord blood plasma
dihomo-y-linolenic acid and arachidonic acid con-
centrations in neonates who subsequently had atopic
dermatitis. A modest but insignificant increase in
linoleic-acid was also reported. These findings were
interpreted as evidence of reduced A-6 desaturase
activity predating the development of atopic derma-
titis.

Margarine contains up to 20 times more n-6 lin-
oleic acid than butter, and an increased dietary intake
of margarine has been associated with an increased
likelihood of atopic sensitization and atopic disease®.
Dunder et al® reported the results of a case-control
study of 3 to 18p year old children recruited in 1980
and re-examined in 1986 and 1989. Children with
atopic disease consumed more margarine and less
butter than non-atopic control subjects. There is an
extensive literature relating the concentration of
PUFA in serum, erythrocytes, and adipose tissue to
atopic disease, particularly atopic dermatitis. Much
of the work originated from observations in the 1930s
that rats fed a diet deficient in unsaturated fats expe-
rienced a scaly dermatitis similar to atopic dermatitis.
In a longitudinal analysis of dietary data in 1980 re-
lated to the development of atopic disease by 1989,
children who had atopic disease consumed less butter
and fish than those who remained non-atopic®.

Several cross-sectional studies have reported ben-
eficial associations between dietary fish intake, asth-
ma, and atopic disease®**¥. Hodge et al* reported
that in children aged 8 to 11 years the risk of current
asthma was significantly reduced in those who includ-
ed fresh oily fish in their diet

9. CONCLUSION

In conclusion, restriction of proposed allergenic
foods (cow’s milk, eggs, peanuts, fish and soy) dur-
ing pregnancy may not prevent allergy. However, ma-
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ternal food allergen avoidance may be of some ben-
efit during lactation. The effect of exclusive breast
feeding on allergy may be dependent on children’s
predisposition. The associations with n-6 and n-3
PUFA appear to be very complex and might differ
between asthma and atopic dermatitis. Dietary anti-
oxidants probably have antioxidant and non-antioxi-
dant immunomodulatory effects. Dietary lipids have
numerous complex effects on pro-inflammatory and
immunologic pathways. Atopic dermatitis is associ-
ated with an enzyme defect in lipid metabolism. In

spite of this, the results of supplementation studies
in established disease have been disappointing. Re-
cently there is an increasing interest on the possibil-
ity that dietary antioxidant and lipid intakes might be
important in modifying the disease expression during
pregnancy and early childhood and that dietary inter-
ventions should be targeted at these groups. It also
seems likely that there is individual variation in the
responses. Further research to determine whether di-
etary intervention can reduce the risk of asthma and
atopic disease is needed.

O 00M0g TOV AVTLOEELOMTIROV, MITOQOV 0EEWY ®aL UNTELXIS OLATEOPNS
o€ TadLd pe aoOpa xor allegyia

Moo Epropiadov, Anuitotog Iamavdpéov

B’ [awdraroinrj Khwvixrj, Aotototéleto Havemorijuio Ocooalovixng, Turjua latoxijs,
THavemornuiaxo Noooxoueio AXEIIA

HEPIAHWH: H avEnon g ovyvomrog tov doBuatog ot Twv oGAEQYIRMOV TABNOEMY ROQUYHOVOUV TNV OVAYHY YL
€UQEON OTOTEAEOUATIRADV TEOMTTRMV OTEATNYR®V. [Tapdho ov 1 YeveTni| autdv Tov tabnoemv poloreton vitd eEE-
TAON, O XELQLOUGS TMV YVWOTMV TEQLRAMOVTIRMDV TOQAyOVTOV %vdUvoy xaw e dlautog amotelel onuavtins moQdyova
TESAMYNG ™ véoov. H amoguyr g momteivng tov ayehadivoy yahoxtog pe amorhelonnd Onhaoud ( ue M xmols untornn
ATOQPUYT AAAEQYLOYOVMV TOOQMV) 1j ne VOQOAUUEVY pdouovha €xouv Ttpotadel yia BEEpn Ue xivOUvo enpdviong ahheQyt-
@v. "Eyel entong mpotabel 6t ovotaon dAwv vpnid adlleQyloySGvwy TQ0p®V, GTTmS TO AUYd KL TO QUOTIXLA, 0TO BEEQPN
Ba mpémeL va xaBuotepeltol. Zrjpepa €xet yivel amodexti n vedOeon 6t pelwon Twv avitoEeldmTirmy ovoldv (Brrauivy
A, Brrauivn C, oeMjvio), 1 aiENom Twv n-6 TOAVARGQECTMV MUY 0EEWV (TTOAMOKGQEEOTA: PUTLKG AAdL, LoYaEivn) 1oL
N uelwon to n-3 woAvardeeotmv (MmN PagLov), EXOUV CUVELOPEQEL OTNV TEAOPATH AUENOYN 0TO AoBua 1oL OTLS OTOTL-
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nouw aofua.
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