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Summary
Speculation persists as to the possible role, if any, of dietary antioxidants in allergic disease.
While it has been hypothesized that the recent increase in allergic disease is a consequence of
declining dietary antioxidant intake, an alternative hypothesis proposes that the increase in
allergic disease is due to increasing antioxidant intake. Dietary trends are conflicting; the
intake of some antioxidants has declined, for others intakes are likely to have increased.
Animal model studies demonstrate that antioxidant supplementation at the time of primary
and subsequent allergen exposure attenuates allergic inflammatory responses. The data from
human studies are less clear. Observational epidemiological studies of humans are beset by
several methodological limitations associated with the assessment of diet and predominantly
focus on asthma. Most observational studies report potentially beneficial associations
between dietary antioxidants and allergic outcomes, but a small minority report potentially
adverse associations. Human intervention studies suggest that single antioxidant supplements
confer minimal, if any clinical benefit in adults with asthma, however, there is still scope for
studies in children, atopic dermatitis, allergic rhinitis (AR) and of antioxidant combinations.
More recently, it has been suggested that dietary antioxidants in the developmental context of
fetal and infant development influence the development childhood asthma and atopic
sensitization possibly by affecting the first interactions between the neonatal immune system
and allergens. While a small number of birth cohort studies have reported potentially
beneficial associations between maternal intake of some antioxidants during pregnancy and
childhood asthma, there is very limited data suggesting associations between maternal
antioxidant intake and childhood atopic dermatitis and AR. The available epidemiological,
animal, molecular and immunological data suggest that there are associations between
antioxidants and asthma and to a much lesser extent, atopic dermatitis and AR. However, the
exact nature of the relationships and the potential for therapeutic intervention remain
unclear.

Introduction

The utilization of oxygen as an electron acceptor in
metabolic processes is a characteristic of aerobic organ-
isms, however, the addition of electrons to oxygen creates
cytotoxic reactive oxygen species (ROS). To counter the
toxic effects of ROS, organisms have evolved complex
antioxidant defences, however, when these are insuffi-
cient, oxidative stress occurs and such stress is a feature of
many inflammatory conditions such as allergic disease
[1–4]. There is increasing interest in the role of dietary
antioxidants in allergic disease, particularly the thera-
peutic potential of dietary antioxidants as adjuncts to
conventional therapies and their possible use in the
primary prevention of allergic disease.

Pulmonary antioxidant defences

The lung, owing to its function and large surface area is
regularly exposed to a range of substances many of which
involve direct or indirect oxidant challenge. Conse-
quently, it is not surprising that it has developed robust
antioxidant defence systems to protect the pulmonary
epithelial cells from injury. When an oxidant gas or
particle enters the lung, the first interface it encounters is
the lung lining fluid. Human lung lining fluid is a complex
and regionally heterogeneous compartment ranging in
depth from between 1 and 10 mm in the proximal airways
to 0.2 and 0.5 mm in the distal airways and alveoli [5].
Lung lining fluid consists of secretions from underlying
lung and resident immune cells, as well as plasma-derived
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exudates. In the nasal and proximal airways lung lining
fluid exists as a two-phase structure consisting of gel and
sol phases, the former consisting of thiol-rich mucopoly-
peptide glycoprotein or mucins. This contrasts with the
distal airway and alveolar lining fluids, which are devoid
of mucins, but contain surfactant lipids and proteins. In
addition to the mucin and surfactant components lung
lining fluid also contains a broad spectrum of low mole-
cular weight antioxidants, as well as small concentrations
of antioxidant enzymes [6].

The low molecular weight antioxidants are present in
similar concentrations to those found in blood plasma,
including ascorbic acid (vitamin C), uric acid and a-
tocopherol (vitamin E). Lung lining fluid obtained from
the lower respiratory tract contains abundant amounts of
reduced glutathione and ascorbate but low concentrations
of uric acid and a-tocopherol [7]. In contrast, lining fluid
from the nasal cavity contains uric acid in large quanti-
ties, with much smaller amounts of reduced glutathione
and vitamin C. Lung lining fluid also contains antioxidant
enzymes such as superoxide dismutase and catalase, as
well as the metal binding proteins caeruloplasmin and
transferrin. It is not currently clear which, if any, of these
antioxidant defences play the most key roles protecting
the delicate blood/air barrier. It is likely that, like antiox-
idant networks in other cellular and non-cellular loca-
tions, there is little redundancy in the system and each has
a key role in defending a particular micro environment
from a particular radical species.

The influx of inflammatory cells to the lung is a
common response to both oxidant and non-oxidant
challenges. This highly orchestrated series of events
usually leads to a second wave of oxidative stress, because
activated inflammatory cells also generate and release
large quantities of ROS. In the absence of any invading
organisms to kill, these free radicals attack local tissue
components and cause cell injury. As different respiratory
diseases are characterized by varying types of airway
inflammation (i.e. asthma eosinophils; COPD neutrophils)
there are likely to be subtle differences in airway antiox-
idant defences requirements in these situations.

Redox balance at the lung surface

The rules that govern the balance between beneficial and
detrimental interactions in the lung lining fluid compart-
ment are not well established, but these may contribute in
part, to the sensitivity of individuals to oxidant challenge
[6]. A simplistic viewpoint would be that the greater the
range and concentration of antioxidant defences on the
lung surface, the better the level of protection from
oxidants. If this were the case, however, subgroups of the
population recognized to be susceptible to oxidant chal-
lenge should have decreased lung lining fluid antioxidant
defences. This was indeed found in asthmatics – a suscep-

tible subgroup in that they have markedly decreased
concentrations of ascorbic acid in lung lining fluid
compared with healthy control subjects [7]. However, the
same was not found to be true of those healthy subjects
who happen to show the largest decrease in lung function
following ozone challenge [8].

It is not yet clear to what extent lung antioxidants
perform a critical role in reducing the toxic consequences
of oxidant challenges to the lung or indeed the exacer-
bations in allergic respiratory disease. Undoubtedly,
however, they do play a role and therefore therapeutic
options include either decreasing the rate of generation
of ROS or augmenting lung antioxidant defences. As low
molecular weight antioxidants within human lung lining
fluid have been proposed to confer protection against
oxidant challenge there is considerable interest in aug-
menting the concentrations of these defences at the
air–lung interface to protect against injury to the airway
epithelium and the induction of inflammation. Antiox-
idant supplementation studies in Mexico City in street
workers [9] and children with asthma [10], as well as in
cyclists in the Netherlands [11], have demonstrated small,
but measurable protection against ozone-induced lung
function decrements. These studies, however, failed to
address the fate of the supplemental vitamins. It was
assumed that the protection observed reflects an en-
hanced concentration of these antioxidants within the
lung lining fluid and pulmonary epithelium, but this was
not demonstrated experimentally. This view is based on
the widely held contention that lung lining fluid ascor-
bate is derived from the plasma pool, though there are
few experimental data to support this notion. Indeed,
those studies which have examined the plasma–lung
fluid ascorbate relationship have failed to demonstrate a
simple association [12, 13], suggesting that regulation of
ascorbate at the air–lung interface may be more compli-
cated than envisaged. Recently, it was been shown that
following supplementation at a high vitamin C dose,
there is a rapid, but transient increase in nasal lung
lining fluid [14]. It is therefore possible to modify the
antioxidant status of the lung lining fluid through
supplementation, but the response is transient and does
not persist beyond 24 h. The absence of a simple associa-
tion between basal plasma and lung fluid ascorbate
concentrations and response implies that ascorbate reg-
ulation at the lung–air barrier, at least within the nose, is
more complex than has previously been envisaged. If
cellular sequestration of supplemental ascorbate is oc-
curring this raises a number of intriguing questions
regarding the mechanism of its uptake into airway cells,
its capacity to protect these cells from oxidative stress,
and the possibility that these cells may subsequently
release their augmented intracellular ascorbate stores
onto the lung surface upon appropriate stimulation to
confer protection from oxidant challenge.
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Previously, it was thought that the concentration of
antioxidants within the lung lining fluid determined an
individual’s responsiveness to oxidant challenge. Ongoing
research now suggests that inter-individual variations in
antioxidant transport and metabolism within the lung
fluid compartment is a more likely explanation of differ-
ing abilities to deal with oxidant challenge. For example,
GST polymorphisms have been associated with the asthma
phenotype. GSTM1 and GSTP1 polymorphisms in asth-
matic children exposed to ozone demonstrated increased
respiratory symptoms in children with GSTM1 or GSTP1
Val/Val genotypes [15].

Hypotheses relating antioxidants to allergic disease

Two somewhat contradictory hypotheses relate antioxi-
dants to allergic disease. The first proposes that the recent
increase in asthma in westernized countries has, in part
been a consequence of declining dietary antioxidant
intake that has occurred because of changes in dietary
habit, methods of cultivation, and increased transporta-
tion, storage and processing of food [16]. The hypothesis
proposed that declining antioxidant intake compromized
lung antioxidant defences, increasing airway vulnerabil-
ity to oxidant stress with ensuing airway inflammation
and asthma. Although originally focused on asthma, this
hypothesis has been broadened to encompass allergic
diseases [17]. The hypothesis was based on the observa-
tion that asthma had increased at the same time as
declining dietary intake of some antioxidant rich foods.
European selenium intake and blood selenium concentra-
tions have declined, probably because of increased use of
European grain and changes in bread-making technology
[18]. In the United Kingdom, average selenium intake has
fallen from was 60 mg/day in 1975 to 30–40 mg/day
[18–20] currently. In the UK, vitamin C intake has been
relatively stable between 1980 and 2000 [21]. The limited
data on UK vitamin E intake suggest little change from
10.82 mg/day in 1994 to 10.66 mg/day in 2004/2005 [22].
However, extrapolation of the 2000/2001 National Diet
and Nutrition Survey using the UK National Food Surveys
suggests that vitamin E intake in the early 1950s was
probably higher at about 13–15 mg/day, perhaps because
of increased consumption of green vegetables and bread/
cereals [21, 23]. The second antioxidant hypothesis pro-
poses the recent increase in allergic disease to be a
consequence of increased antioxidant intake because of
the increased availability of functional and antioxidant
enriched foods. This hypothesis was based on in vitro
observations that some antioxidant rich foods and ex-
tracts of traditional Vietnamese and Chinese herbal med-
icines suppress secretion of the T-helper type 1 (Th1)
cytokine, IFN-g [24–26]. It is postulated that increased
antioxidant intake ‘antioxidant stress’ suppresses Th1
differentiation and because of inherent cross-regulatory

mechanisms, this promotes development of the Th2 phe-
notype. While this hypothesis is primarily based on
in vitro immunological observations, there is some evi-
dence that the intake of some antioxidant (principally
vitamin C) rich food groups has increased, for example in
the UK fruit juice consumption increased from 7 mL/
person/week in 1950 to 303 mL/person/week in 1996 [27].

Observational studies

There are now many observational epidemiological stu-
dies relating dietary antioxidants to allergic disease, and
these have been comprehensively reviewed elsewhere
[28]. The majority have related antioxidants to respiratory
outcomes, principally ventilatory function and para-
meters of asthma, a minority have investigated antioxi-
dants and atopic dermatitis/allergic rhinitis (AR).

Methodological considerations

A notable feature of the observational literature relating
antioxidants to allergic disease are the inconsistencies in
reported associations (if any) between studies and while
this may reflect more complex associations than origin-
ally hypothesized, methodological issues have undoubt-
edly contributed. This is clearly illustrated by two analyses
of the Third National Health and Nutrition Examination
Survey (NHANES III) relating diagnosed asthma in chil-
dren to serum antioxidant levels [29, 30]. Using the same
database one study reported childhood asthma to be
associated with serum b-carotene [odds ratio (OR) 1 SD
increase 0.87, 95% confidence interval (95% CI) 0.7–1.0]
[30], whereas the second reported no association [29].

Assessment of diet remains problematic and because
there is no perfect way of assessing diet, methods of
assessment differ between studies. Most have used food
frequency questionnaires (FFQ) to quantify dietary intake,
but the level of dietary detail collected ranges from a few
food groups (10–20) to those asking about 4150 food
groups and portion sizes; consequently some FFQ provide
basic information on the frequency of consumption of
major food groups, while others when used in conjunction
with food composition tables can be used to derive semi-
quantitative estimates of individual nutrient intakes.
Although the estimates of nutrient intake derived from
the more detailed FFQs correlate with weighed dietary
intakes, the strength of the associations suggests that the
inherent accuracy of this method is relatively low [31, 32].
The precision of dietary data is compromised by factors
such as incomplete food-nutrient databases, variability in
the nutrient composition of food, methods of preparation,
eating habits, and the tendency of subjects to over- or
under-report some food items. The misclassification of
diet with respect to disease outcome is usually random,
thus reducing the magnitude of any association between
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FFQ-derived estimates of dietary intake and disease out-
come. FFQ-derived nutrient intakes are not reliable esti-
mates of absolute nutrient intake, instead they are useful
for comparing and ranking individuals measured by the
same tool. This is sufficient for many epidemiological
studies [32] but the use of differing instruments to
estimate nutrient intake between studies, limits between-
study comparisons and the combining of datasets. FFQs
that fail to comprehensively capture participants’ dietary
intake are unable to provide the necessary information
needed to adjust for total energy intake. This adjustment is
critical to control for confounding by energy intake that is
often related to disease risk because of associations
between physical activity and/or body size and the like-
lihood of disease. Adjustment for energy intake has not
been universal in studies of antioxidants and allergic
disease; studies failing to do so are more likely to report
false negative results and run the risk of reporting
associations that are in the opposite direction to those
actually present [33].

Epidemiological studies of dietary antioxidants are also
beset by the problem of confounding because dietary
intakes can be associated with age, gender, region, socio-
economic status, culture, lifestyle, smoking habit ethni-
city; furthermore, foods and diets rich in one antioxidant
tend to be rich in others [34]. Adjustment for potential
confounding factors in studies of antioxidants and aller-
gic disease ranges from minimal (if any) to large numbers
of factors. Multiple testing of numerous nutrients with
several outcomes is a feature of many studies of antiox-
idants and allergic outcomes, few studies report adjust-
ments for multiple testing. The use of nutritional
biomarkers in biological samples, especially those that
reflect integrated nutrient exposure over time is an alter-
native, but expensive, approach to quantifying nutrient
status that avoids many of the weakness of the traditional
methods of assessing dietary intake. Some studies have
related allergic outcomes to serum antioxidant levels,
however, such measurements may reflect recent rather
than long-term nutrient status, and very few studies have
quantified longer term nutrient biomarkers, e.g. erythro-
cytes, leucocytes, hair nail clippings. Fat soluble a-toco-
pherol is transported in the lipoprotein fraction of blood
and it is accepted that a-tocopherol values must be
adjusted for cholesterol [35]; however, such adjustment is
not universal in studies relating vitamin E to allergic
outcomes. Nearly all studies quantifying blood antioxi-
dant levels have been of cross-sectional or case–control
design and because allergic diseases are associated with
oxidant stress it is not possible to determine whether low
antioxidant levels preceded and/or resulted from disease.
As an illustration, an adult case–control study reported
that whole blood levels of total carotenoids, lycopene,
lutein, b-cryptoxanthin, a-carotene and b-carotene were
lower in asthmatics than controls. However, with the

exception of lutein there were no significant differences
in the dietary intakes of these nutrients between asth-
matics and controls; the conclusion being that the reduced
blood antioxidant levels were most likely a consequence
of the depletion of blood antioxidants by oxidative stress
associated with asthma [36].

Studies of allergic diseases

Although a substantial minority (30–40%) of observa-
tional studies report no associations between antioxidants
and asthma, the majority (60–70%) report potentially
beneficial associations between one, two or occasionally
three nutrients (vitamin E, vitamin C, selenium, a-caro-
tene, b-carotene, lycopene, lutein and b-cryptoxanthin)
or antioxidant containing food groups (fresh fruit, various
fruits, fruit juices, Mediterranean diet and vegetables) and
one or more parameters of asthma such as diagnosed
asthma, wheezing symptoms, airway reactivity and venti-
latory function (reviewed in [28]). The beneficial associa-
tions with hard fruits, independent of the nutrients
outlined above, have led to the proposition that dietary
flavonoids might be important in asthma because of their
potent antioxidant properties [28].

In contrast to asthma, the literature relating dietary
antioxidants with atopic dermatitis, AR and IgE is limited;
most report potentially beneficial associations, some re-
port none and a few report potentially adverse associa-
tions. In a cross-sectional study of 2633 UK adults aged
18–70 with a mean vitamin E intake of 6.2 mg/day
(SD 2.2) serum IgE and atopic sensitization increased by
approximately 5% per milligram decrease in vitamin E
intake [37]. In NHANES III serum levels of a-carotene,
b-cryptoxanthin and vitamin E in 5742 adults were
beneficially associated with atopic sensitization (OR 1 SD
difference 95% CI); 0.95 (0.91–0.99), 0.89 (0.83–0.95) and
0.93 (0.87–0.99), respectively; however, atopic sensitiza-
tion was adversely associated with serum lycopene [1.08
(1.03–1.14)]. There were no associations in 4271 children
[38]. Atopic dermatitis has been reported to be associated
with reduced vitamin E status: in a small (n = 43) case–
control study of children aged 1–9, atopic dermatitis was
associated with reduced erythrocyte a-tocopherol con-
centrations 2.14 vs. 3.17 mmol/L, Po0.001 [39], and in a
Korean case–control study, the vitamin E intake of 50
adults with atopic dermatitis was significantly lower than
that of 50 controls, however, there was some evidence that
this may have been a consequence of patients with atopic
dermatitis changing their diet [40]. The Mediterranean
diet has a high antioxidant content because of the
preponderance of fruit, vegetables, legumes, nuts and
wholegrain cereals and has been associated with a reduced
likelihood of asthma, wheezing and AR in cross-sectional
studies of children living in Greece, Spain and Mexico
[41–44]. A study of 537 children aged 7–18 living in Crete
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reported an association between reduced lifetime preva-
lence of AR and the frequent (X1 portion/day) consump-
tion of grapes, (OR 0.31 95% CI 0.14–0.64), oranges (0.29;
0.11–0.80), kiwi fruit (0.37; 0.16–0.86) and a high Medi-
terranean diet score (0.34; 0.18–0.64) [41]. The consump-
tion of fruit X3 times a week has been reported to be
associated with a reduced likelihood of rhinoconjunctivi-
tis (OR vs. never 0.71, 0.57–0.88) in 17145 Spanish
children aged 6–7 [44] and with AR in 2387 Turkish
children aged 6–12 (0.64; 0.45–0.51) [45].

Although the majority of studies report beneficial
associations between dietary antioxidants and allergic
outcomes a few (�5%) have reported potentially harmful
associations particularly with some carotenoids. Follow-
up of a German cohort for a median of 2.1 years after
dietary assessment identified 344 adults who developed
hayfever and 1336 who did not [46]. Participants in the
highest quartile of b-carotene intake had an increased risk
of developing hayfever (OR 1.69, 95% CI 1.09–2.63) when
compared with the lowest quartile, whereas those in the
highest quartile of vitamin E intake were less likely to
develop hayfever (0.38, 0.17–0.85). The Dutch MORGEN
cross-sectional investigation of 5744 adults aged 20–59
reported conflicting associations between dietary b-
carotene intake and parameters of airway disease [47].
Dietary b-carotene intake was positively associated with
the 12-month period prevalence of wheeze in the absence
of colds/flu (OR 90th vs. 10th intake centiles 1.27, 95% CI
1.04–1.55), however, b-carotene was not associated with
symptoms of cough, phlegm or dyspnoea and was bene-
ficially associated with ventilatory function; the forced
expiratory volume in 1 s (FEV1) of subjects in the 90th
centile of b-carotene intake being 60 mL (95% CI 31–89)
greater than that of subjects in the 10th centile. Similarly,
the difference in FVC between these two levels of b-
carotene intake was 75 mL (95% CI 40–110). Dietary intake
of vitamin C was similarly positively associated with
ventilatory function. There were no associations between
dietary vitamin E intake and ventilatory function or
wheezing symptoms. As mentioned above in NHANES III,
serum lycopene concentrations were adversely associated
with the likelihood of atopic sensitization [38].

On balance the observational epidemiological data
suggest that while asthma, atopic dermatitis and AR are
associated with reduced blood levels and/or reduced diet-
ary intake of the antioxidants vitamin C, vitamin E, some
carotenoids, selenium, Mediterranean diet and antioxi-
dant rich fruits, the evidence suggests that antioxidants
are more closely associated with asthma than for AR and
atopic dermatitis. Interpretation of the observational lit-
erature of cross-sectional and case–control studies is
limited because allergic diseases are associated with
oxidant stress, moreover, there is some evidence suggest-
ing that dietary habits may change as asthma develops
[48]. Thus it is not possible to ascertain whether the

reduced antioxidant status observed in allergic disease is
causal or consequential. To investigate these issues inter-
vention studies are required. Intervention in animal mod-
els has been used to investigate the potential role of
antioxidants in established allergic disease and in its
aetiology. The majority of antioxidant intervention stu-
dies in humans have been in adult asthmatics, we are not
aware of any human intervention studies investigating
antioxidants in the primary prevention of human allergic
disease.

Intervention studies

Animal models

Antioxidant supplementation studies in animal models of
allergic disease fall into two types: Supplementation of
allergen sensitized animals that are subsequently chal-
lenged with allergen is analogous to intervention studies
in established allergic disease. Supplementation before
primary allergen sensitization provides insight into the
potential of antioxidants in the primary prevention of
allergic disease.

The administration of g-tocopherol to ovalbumin
(OVA)-sensitized rats attenuated nasal and pulmonary
eosinophilic inflammatory responses induced by subse-
quent intranasal challenge. g-tocopherol supplementation
was associated with reduced levels of leukotriene (LT)B4,
and prostaglandin (PG)E2 in bronchoalveolar lavage fluid
(BALF) and reduced nasal expression of IFN-g, IL-4, IL-5
and IL-13 [49]. Similar results have been observed in
mouse models supplemented with vitamin E before pri-
mary sensitization [50]. Supplementation with vitamin E
before primary sensitization in the murine model of
toluene–diisocyanate (TDI) induced nasal allergy, signifi-
cantly attenuated the outwardly observable indicators of
nasal allergy, and reduced mitogen-induced lymphopro-
liferative, IL-4 and IL-5 responses [51]. Similar results
have been reported in nasally TDI sensitized guinea-pigs
supplemented with vitamin E and C [52].

In OVA-sensitized mice selenium supplementation be-
fore rechallenge reduces eosinophilic airway inflamma-
tion by reducing activation of the redox dependent
transcription factor NF-kB and expression of NF-kB-
dependent inflammatory proteins [53]. Similar experi-
ments using mice established on low, medium or high
selenium diets before primary sensitization suggested that
while selenium inhibits allergic airway inflammation the
association is not a simple linear dose–response. This may
account for the inconsistencies between human observa-
tional studies because mice on the medium intake diet had
the most florid allergic inflammatory response [54].

Supplementation of sensitized mice with lycopene
before rechallenge significantly reduced allergic cellular
influx into the airways and was also associated with
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reduced expression of IL-4 and the Th2 transcription
factor GATA-3 and increased expression of IFN-g and the
Th1 transcription factor T-bet [55]. Similar experiments in
mice and guinea-pigs supplementing with flavonoids
before, and after primary sensitization have shown aller-
gic airway inflammation, serum IgE and BALF IL-4 and
IL-5 responses to be inhibited by supplementation with
luteolin, quercetin, isoquercitrin and nairutin [56–60].

These animal studies suggest that the antioxidants
vitamin E, selenium, flavonoids and carotenoids amelio-
rate allergic airway and nasal inflammation in models of
established allergic sensitization. Furthermore, these stu-
dies also suggest that the antioxidants vitamin E, carote-
noids, flavonoids and possibly selenium have the
potential to reduce the likelihood of primary allergic
sensitization.

Humans

The therapeutic potential of a limited number of antiox-
idants (vitamin C, vitamin E, selenium) as adjuncts to
conventional treatment of allergic disease has been in-
vestigated by intervention studies. The majority have
supplemented asthmatics with vitamin C, and a Cochrane
review of these studies highlighted the variability in the
duration and dosing of vitamin C supplementation. The
review concluded that there is insufficient evidence to
recommend vitamin C in asthma treatment. There is still a
need for well-designed randomized-controlled trials (RCT)
of vitamin C supplementation, particularly in children
[61].

The literature of non-vitamin C intervention studies is
smaller and limited to vitamin E and selenium. An RCT
supplementing 197 mild/moderately severe asthmatics
with 100mg/day selenium or placebo for 24 weeks re-
ported no beneficial effects on any parameter measured;
however, the baseline values of the parameters suggested
mild disease with little scope for improvement. The
authors suggested that, with hindsight, it may have been
more instructive to have investigated whether selenium
supplementation facilitated greater controlled reduction
in steroid dosage than placebo group [62]. An RCT
supplementing 40 adults with atopic dermatitis with 600
mg/day selenium or placebo for 12 weeks was not asso-
ciated with any clinical improvement, [63]. At present
there is little evidence to recommend selenium supple-
mentation in asthmatic adults; however, there is still
scope for further studies in children and atopic dermatitis
and AR.

There are several studies of vitamin E supplementation
in allergic disease. An RCT in which 72 mild/moderately
severe adult asthmatics wee supplemented with 500 mg/
day vitamin E or placebo for 6 weeks reported no
beneficial effects on any parameter of asthma control
[64]. The 6-week duration may have been insufficient

and the scope for improvement was limited because base-
line values suggested mild disease. Studies of vitamin E
supplementation in established atopic dermatitis and AR
suggest that vitamin E supplementation is associated with
minimal, if any clinical benefit, however, most of the
studies have either been small or supplemented for short
periods. A single-blind study of 96 adults with atopic
dermatitis after withdrawal of non-emollient medications
supplemented with 268 mg/day vitamin E or placebo for 8
months. Vitamin E supplementation was reported to be
associated with reduced serum IgE and clinical improve-
ment, however, the statistical significance of the findings
was not documented [65]. A similar RCT supplementing
40 adults with atopic dermatitis with 400 mg/day vitamin
E or placebo for 12 weeks was not associated with any
clinical improvement, [63]. An RCT supplementing 112
people with AR with 800 mg/day vitamin E or placebo
during the pollen season was associated with modest
improvements in patient reported nasal symptoms; how-
ever, there were no improvements in the many other AR
outcomes assessed [66]. A shorter, 4-week RCT of 63
subjects (mean age 12 years) with perennial allergic
rhinitis supplemented with either 268 mg/day vitamin E
or placebo and reported no improvement in AR symptoms
or specific IgE [67].

While these studies fail to support the use of single
antioxidant supplements as adjuncts to conventional
therapy for asthma there is still scope for studies in
children, atopic dermatitis, AR and of combinations of
antioxidants. The beneficial effects of antioxidant supple-
mentation in animal models of established allergic disease
contrast with the negative studies in humans. The animal
data suggest antioxidants have the potential to inhibit Th2
and/or promote Th1 differentiation. However, this is not
observed in adult humans possibly because compartmen-
talization of allergen-specific Th cell immunity into adult-
equivalent Th1 and Th2 patterns occurs in most children
before 5 years [68] and it is unlikely that dietary antioxi-
dants are sufficiently potent to reverse established Th cell
phenotypes. Indeed, whereas serum antioxidant levels in
atopic adults are not associated with peripheral blood
mononuclear cell cytokine responses [69], neonatal cord
blood mononuclear cell (CBMC) responses have been
associated with maternal dietary antioxidant intakes dur-
ing pregnancy [70, 71].

Antioxidants and the aetiology of allergic disease

There is increasing interest in the concept that early life
antioxidant status might influence the development of
allergic disease. This hypothesis combines current
thoughts on the early life origins of allergic disease
[72–76] and the original antioxidant hypothesis [16]. As
discussed above, antioxidant supplementation of animal
models before primary allergen sensitization suggests that

�c 2009 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1–11

6 K. Allan et al



antioxidants have the potential to influence the develop-
ment of allergic disease. In humans these initial interac-
tions between the immune system and the common
perennial and seasonal allergens occur during infancy
and possibly in utero. It has even been suggested that the
associations between antioxidants and allergic disease in
older children and adults are indirect reflections of asso-
ciations with maternal diet during pregnancy. Habitual
dietary patterns are primarily established in early child-
hood and are influenced by parental dietary habits such
that there are correlations between the diets of parents and
their children and within individuals, between adult and
childhood diet [77, 78]. In recent years associations have
been reported between maternal antioxidant intake dur-
ing pregnancy and childhood allergic disease.

Studies of maternal antioxidant intake during pregnancy

Two UK birth cohort studies have reported associations
between early childhood wheezing and reduced neonatal
and fetal selenium status [79, 80]; however, no associa-
tions have been reported with childhood asthma, atopic
dermatitis or AR. Moreover, the associations with early
childhood wheezing appear to be transient, being absent
by age 5 years, possibly reflecting short-lived effects of
selenium on early life responses to viral infection [80].

The US Project Viva cohort study has reported low
maternal intake of vitamin E, and some carotenoids (b-
carotene, leutein1zeaxanthin) during pregnancy to be
associated with increased CBMC proliferative responses
[71]. This study has also reported low maternal vitamin E
intake during pregnancy to be associated with an in-
creased likelihood of wheeze outcomes in 1290 two-
year-old children [81]. A Scottish birth cohort study has
also reported low maternal vitamin E intake during
pregnancy to be associated with increased neonatal CBMC
proliferative responses [70] and an increased likelihood of
asthma in 1253 children aged 5 years, and with increased
levels of exhaled nitric oxide [82]. In addition, low
maternal plasma a-tocopherol levels during pregnancy
were associated with an increased likelihood of atopic
sensitization and reduced post-bronchodilator FEV1 [82]
at age 5 years. Although maternal plasma a-tocopherol
concentration during early pregnancy was associated with
atopic sensitization at age 5 there were no associations
with atopic dermatitis nor AR. There was also an associa-
tion between reduced maternal apple intake during preg-
nancy and an increased likelihood of wheeze and asthma
outcomes in children at 5 years; similar associations in
children and adults have been attributed to their phyto-
chemical content, e.g. flavonoids [83]. Further follow-up
of the United States and Scottish birth cohorts when the
children are older and their asthmatic/allergic phenotypes
more established and clinically meaningful are required.

The Irish Life-ways Cross-Generation Cohort Study
reported an association between high maternal fruit and
vegetable intake during pregnancy and reduced likelihood
of asthma in 631 three-year-old children [84]. A Menor-
can birth cohort study has reported wheeze and atopic
sensitization in 460 children aged 6–7 years is less
frequent if mothers consumed a Mediterranean diet dur-
ing pregnancy [85]. The Menorcan and the Scottish
studies also reported that while maternal and child diets
were correlated there were no associations with children’s
diets [82, 85].

The results of these cohort studies suggest that reduced
maternal intake of some antioxidants (vitamin E, but not
selenium) and antioxidant rich foods during pregnancy
are associated with an increased risk of childhood respira-
tory outcomes (wheeze and asthma) and atopic sensitiza-
tion but not with atopic dermatitis or AR. The associations
between maternal antioxidant intake during pregnancy
and CBMC responses suggest a mechanism whereby
maternal antioxidant intake during pregnancy influences
the first interactions between the neonatal immune system
and allergens [70, 71].

Possible mechanisms

The failure of birth cohort studies to demonstrate associa-
tions with some antioxidants, e.g. vitamin C suggests that
vitamin E may be acting through biological mechanisms
unrelated to antioxidant properties [86]. Vitamin E has
been reported to have complex effects on immunological
and inflammatory pathways pertinent to the aetiology of
allergic disease [86, 87]. The anti-inflammatory effects of
vitamin E appear to be mediated by inhibition of protein
kinase B and C activity and the subsequent inhibition of
the activation and DNA binding of the transcription factor
NF-kB with consequent effects on the regulation of
inflammatory cytokines, adhesion molecules and other
pro-inflammatory molecules. Vitamin E has many effects
on the immune system with reduced vitamin E status
being associated with the Th2 phenotype, either by redu-
cing Th cell secretion of IFN-g and/or increasing secretion
of IL-4 or IL-5 [50, 88–92]. Several mechanisms have been
proposed for these immunomodulatory effects. Low vita-
min E status is associated with increased macrophage
cyclo-oxygenase-2 activity and increased production of
PGE2 [92] that has been shown to promote the Th2
phenotype [93–95]. Vitamin E also inhibits the binding
of NF-kB and AP-1 to the IL-4 promoter region, down-
regulating IL-4 mRNA expression in human Th cells [88].
Vitamin E may also influence the development of regula-
tory Tr cells [96]. The effects of vitamin E on the immune
system appear to be age related, enhancing the IFN-g
responses of young but not old mice [97] and in humans,
naı̈ve Th cells are more responsive to vitamin E than
memory Th cells [50, 90–92]. These age-dependent

�c 2009 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1–11

Antioxidants and allergy 7



associations may partly explain the ineffectiveness of
vitamin E supplementation in adult asthmatics, conver-
sely any putative effects of vitamin E on allergic disease
may be most potent in early infancy during initial
encounters with allergens rather than after disease has
been established.

Conclusions

Despite the notable inconsistencies and gaps in the evi-
dence base, it would seem reasonable to conclude that
there are associations between antioxidant status and
asthma, however, the exact nature of the relationships
and the potential for therapeutic intervention is far from
clear. From the limited data available it is not possible to
exclude an association between antioxidants and atopic
dermatitis and AR. Currently, there appears to be little
clinical indication for antioxidant supplementation in
asthma, but there is a need for intervention studies in
atopic dermatitis and AR, in children, and with combina-
tions of antioxidants, ideally in the form of antioxidant-
rich foods because they contain natural mixtures of
micronutrients that may contribute more than the sum of
their parts. While antioxidant supplementation of all
patients with allergic disease may provide little clinical
benefit, it is possible that targeted antioxidant supple-
mentation of individuals who are genetically susceptible
to enzymatic antioxidant deficiencies may be clinically
beneficial. Future intervention studies should ideally in-
clude investigation of genetic variation in the components
of the anti-oxidant defence systems (e.g. GSTM1, GSTP1)
and cellular immune response (both Th and Tr cell).
Although antioxidants are naturally available and con-
sumed, therapeutic antioxidant supplementation is not
without risk: a meta-analysis of randomized trials of
antioxidant supplementation in adults for primary and
secondary prevention reported an increased mortality (OR
1.05; 95% CI, 1.02–1.08) particularly in studies of b-
carotene and vitamin E, but not vitamin C or selenium
[98].

Animal models suggest that antioxidants have the
potential to influence the development of allergic disease
and this is supported by recent reports of potentially
beneficial associations between childhood asthma and
maternal dietary antioxidant intake during pregnancy,
particularly vitamin E. Although some studies have re-
ported associations between maternal dietary antioxidant
intake during pregnancy and the likelihood of childhood
atopic sensitization, there appear to be few, if any,
associations with atopic dermatitis or AR. Before any
recommendations can be made to pregnant women
further research is required: The epidemiological observa-
tions should ideally be replicated in pregnant animal
models and most importantly, trials of dietary interven-
tion in pregnant women are required to confirm the

effectiveness and efficacy of any antioxidant intervention
and whether any beneficial effects are limited to asthma.
The issue of safety is particularly important in trials
involving pregnant women and it would seem reasonable
that instead of supplementing pregnant women with
supraphysiological doses of antioxidants, intervention
studies should instead aim to optimize antioxidant intake,
preferably by dietary means in order to replicate in food
the natural form and intake of antioxidants (and co-
existing nutrients) that the lung has evolved to incorpo-
rate into antioxidant defences.
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