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Abstract This review summarizes studies discussing tem-
poral trends in the prevalence of food allergy as well as
potential factors associated with the development of food
allergy. In addition, we will address the potential hypotheses
accounting for the apparent increase in food allergy preva-
lence. Studies suggest increased prevalence of food allergy.
However, relatively little is known about its pathogenesis.
This review aims to assess temporal trends in the prevalence
of food allergy and discuss potential genetic, environmental,
and demographic determinants. The search strategy exam-
ined the medical literature database MEDLINE (using
PubMed) for the time period of January 1, 2002 to January
31, 2012. In recent decades, the prevalence of food allergy
in general has increased by 0.60 % [95 % confidence inter-
val (CI), 0.59 %-0.61 %] and the prevalence of peanut
allergy by 0.027 % (95 % CI, 0.026 %—0.028 %), but it
has now likely stabilized in developed countries. Genes, the
environment, and demographic characteristics play a role in
the pathogenesis of food allergy. Numerous environmental
and demographic factors as well as gene-environment
interactions may account for this increase in prevalence,
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but further studies are required to tease out their relative
contribution.

Keywords Food allergy - Temporal trends - Determinants -
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Introduction

A recent US study estimated that the economic burden of
allergic reactions related to food allergy was half a billion
dollars in 2007 and that ambulatory visits accounted for
more than half of the costs [1]. Food allergy in infancy
increases the risk of not only other allergic diseases (“atopic
march”), but also allergy to other foods (“food allergen
march”) [2]. The fact that individuals with food allergy face
food and social restrictions due to the potentially life-
threatening nature of their disease inevitably impacts upon
their quality of life [3, 4]. Thus, it is crucial that patients
with severe food allergy are correctly identified, carefully
followed, and appropriately managed.

It is generally accepted that food allergy affects up to
2.5 % of the adult population and 6-8 % of children less
than 3 years of age [5-8]. However, these initial estimates
are based on studies conducted three decades ago in rela-
tively small communities [8, 9], were based on self-report
without any requirements for physician diagnosis with ap-
propriate testing and do not represent a nation-wide sample.
Further, the diagnostic algorithm (for those individuals who
were evaluated by a physician) did not consistently include
confirmatory tests for IgE-mediated reactions such as skin
prick test (SPT) and specific IgE levels [10] and instead used
elimination diets (i.e., exclusion diets to specific foods) that
have inherent difficulties (regarding choice of the elimination
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diet and the patient’s compliance) [11]. In addition, only those
reporting food-related adverse reactions were included in
these studies, while those never exposed to the food were
not further investigated. The disparity between estimates
based solely on self-report versus those involving confirma-
tory testing is exemplified in a recent random telephone sur-
vey conducted in Turkey. Individuals reporting food allergy
were invited for a clinical investigation that included a double
blind placebo controlled food challenge (DBPCFC). It was
found that the lifetime prevalence of self-reported food allergy
was 9.50 % (95 % CI, 8.94 %—10.00 %), decreasing to 0.30 %
(95 % CI, 0.17 %—0.36 %) after the incorporation of clinical
investigations, and to as low as 0.10 % (95 % CI, 0.05 %—
0.18 %) based on DBPCFC only [12]. Given the complexity
of the diagnosis of food allergy and potential disparities be-
tween studies using self-report and those using diagnostic
algorithms, it is not surprising that temporal trends in food
allergy are hard to interpret. In addition, genetic and environ-
mental factors that differ between countries may be responsi-
ble for different temporal changes. This review aims to
address these important issues and highlight knowledge gaps
related to the development of food allergy.

Search Strategy and Study Selection

The search strategy examined the medical literature data-
base MEDLINE (using PubMed) for the time period of
January 1, 2002 to January 31, 2012 with the keywords
“food allergy”, “prevalence,” “genes,” environmental fac-
tors (“season”, “drugs”, “microbial exposure”, “mode of
delivery”, “food consumption”, “route of exposure”, “day

7, “pet ownership”, “food processing”,

care attendance”,
“omega-3 fatty acids”, “vitamin D” and “breastfeeding”)

99 >

Fig. 1 Temporal trends of
peanut allergy prevalence.

EEINT3

and demographic factors (“age”, “sex”, “race/cthnicity”,
“socioeconomic status”, “education”, “maternal age at de-
livery”, “household size”, “birth order”, “immigrant”, “obe-
sity”, “diabetes”, “geography” and “atopy”) and included
abstracts written in English in which access to full text was
possible.

For the current report, all titles and abstracts of iden-
tified articles were screened. Regarding the study de-
sign, all observational study designs were included, i.e.
population-based, cross-sectional, case—control and co-
hort studies. We then performed a meta-analysis that
included all studies assessing temporal trends in food
allergy (Fig. 1) using STATA® version 12 (StataCorp LP,
College Station, TX).

Is the Prevalence of Food Allergy Increasing?

Only a few studies have explored this question. Most of
these studies rely on self-report of food allergy by patients
[13—17] or physician recorded diagnosis [18]; some include
confirmatory testing [19-26] and only one study has evalu-
ated the change in prevalence across time through the use of
food challenge in all participants [22]. One study addressed
the change in incidence in peanut allergy and sensitization
rather than prevalence [23] and another study assessed prev-
alence in a selective population consisting of those referred
to an allergist for diagnosis and hence is not representative
of the general population, although likely indicative of an
increased food allergy burden [24]. The majority of studies
have assessed peanut allergy) [13—15, 18-21, 25, 26] and only
four assessed all food allergies (Table 1) [16, 17, 22, 24].
Four US studies, replicating the same methodology, com-
pared the prevalence of self-reported food allergy across

temporal trends of peanut allergy [percentage]
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5-to 10-year periods. They suggested that the prevalence of
food allergy in general and peanut allergy in particular had
increased significantly over a 10-year period [13-15, 17].
Studies conducted by our group and others combining clin-
ical history with positive confirmatory tests suggested that
the prevalence of peanut allergy might have stabilized in
recent years although it is still higher than in previous
reports [21, 26]. This is in line with the most recent US
estimates suggesting no substantial increase in the preva-
lence of peanut allergy between 2002 and 2008 [13]. How-
ever, studies conducted over longer periods of time in other
countries establish a true increase in the prevalence of food
allergy. A Chinese study enrolled infants randomly when
receiving a well-baby check up. Open challenges were per-
formed in all with either a history or SPTs suggesting food
allergy. Although the rate of parent-reported food allergy
increased from 13.70 % (1999 study) to 16.70 % (2009
study), (95 % CI for the difference crossing 0), positive
SPT response was significantly higher in 2009 (18.0 %)
than in 1999 (9.90 %) and the prevalence of confirmed food
allergy (based on food challenge) increased markedly from
3.50 % (1999 study) to 7.70 % (2009 study) [22]. In con-
clusion, overall there is a 0.027 % increase in the prevalence
of peanut allergy (95 % CI, 0.026 %—0.028 %, ’=61.20 %)
and a 0.60 % (95 % CI, 0.59 %-0.61 %, I°=66.80 %)
increase in the prevalence of all food allergies over the last
10 years (Figs. 1, 2). Based on current evidence, it is likely
that in developed countries, the increase has reached a
plateau during the last five years, while in other countries,
the prevalence continues to increase. A potential explana-
tion for this observation might be a relative lack of change in
life style and other environmental factors in the US, Canada,
and the UK in contrast to ongoing changes in other countries
such as China and Korea.

What Are the Factors Associated with the Development
of Food Allergy?

Processes leading to the development of tolerance versus
allergy are affected by genetic, environmental, and demo-
graphic factors and potentially by gene-environment inter-
actions. Given the relatively rapid temporal changes in food
allergy prevalence over the last two decades, it is likely that
factors related to the environment are playing the most
important role in the development of food allergy, although
very few studies have actually examined the relative contri-
bution of each of the factors.

Genetic Effects
Animal models have clearly shown that there is a ge-

netic selection for susceptibility/resistance to oral toler-
ance. (Table 2) [27]. In humans, it was shown that siblings
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of an individual with food allergy are at increased risk, while
monozygotic (MZ) twin studies reinforce the premise of gene-
environment interactions. In a large study on all children born
from April 2001 to March 2006 in one province of southeast
Finland, it was found that up to the age of 4 years, the
incidence of any positive food allergy test (SPT, specific IgE
levels or a food challenge) was threefold higher if both parents
reported having an allergic manifestation and twofold higher
if either mother or father had such a manifestation when
compared with children whose parents did not report any of
these conditions [28]. In a study on 581 nuclear families
(2,004 subjects) in Chicago, it was reported that food allergy
in the index child was a significant and independent predictor
of food allergy in other siblings [odds ratios (OR) 2.60, 95 %
CI, 1.20-5.60]. There were significant and positive associa-
tions among family members (father-offspring, mother-
offspring, index-other siblings) for total IgE and specific IgE
to all the nine major food allergens (sesame, peanut, wheat,
milk, egg white, soy, walnut, shrimp and cod fish) [29]. In
China, zygosity-specific concordance rates and ORs for sen-
sitization to food allergens in 826 Chinese twin pairs [472 MZ
and 354 dizygotic (DZ)] aged 12-28 years were assessed.
This study revealed that concordance rates and risk of sensi-
tization in one twin given the presence versus absence of
sensitization in the other twin were higher in MZ twins com-
pared to DZ twins. However, a large number of MZ twins
were discordant for sensitization to common allergens, imply-
ing also non-genetic factors [30]. These results are in line with
other studies in the US [31] and Europe [32] suggesting a high
risk for clinical food allergy and not only sensitization in MZ
versus DZ twins.

Several genes have been implicated in the pathogenesis
of food allergy (Table 2). These include genes contributing
to an impaired anatomical barrier [e.g., Filaggrin [33, 34]
and Serine Protease Inhibitor Karzal type 5 (SPINKS) [35,
36]] and genes involved in innate [including Nucleotide-
binding domain and Leucine-rich Repeat-containing family
Pyrin domain containing 3 (NLRP3), [37] Toll Like Recep-
tor 9 (TLRY), [38] CD14 [39] and Thymic Stromal-Derived
Lymphopoietin (TSLP) [38]] and adaptive immunity [e.g.,
HLA alleles [40—43], interleukin 4 (IL4) [44], IL12 and its
receptor (IL12R) [38], IL-10 [45-47], and IL-13 [48]], the
Signal Transducer and Activator of Transcription 6 (STAT-6)
[49] and Forkhead bOX P3 (FOXP3) gene [50].

Environmental Effects

Season. 1t is suggested that food allergy is more common in
those born in the fall or winter [51-53] potentially due to
reduced UV-B exposure and subsequent lower levels of
vitamin D generation during a vulnerable period of immune
development (Table 3). It was reported that children youn-
ger than 5 years born in the fall or winter had a 53 % higher
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Fig. 2 Temporal trends of food
allergy prevalence. Forest plot

of the meta-analysis of food al- ke
lergy temporal trends with 95 %
confidence intervals. The
square size represents the us
weight of the study; the dashed
line gives the pooled estimate

China

temporal trends of food allergies [percentage]
i
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odds of food allergy compared with controls [51]. However,
it is also possible that this association is due to confounders
unrelated to vitamin D status such as higher rates of eczema
in the winter that might be associated with increased risk of
food allergy [51, 52] or adjuvant effects of winter time
infection on the development of food allergy [51, 53].

Drugs. A single study in humans suggested that proton
pump inhibitors raise the risk of food allergy by reducing
the peptic digestion of food allergens and by increasing
mucosal permeability and atrophic gastritis [54]. In an ob-
servational cohort study of 152 adult patients from a gastro-
enterological clinic with no history of atopy or allergy who
received H2-receptor blockers or proton pump inhibitors for
three months, 10 % showed a boost of pre-existing IgE anti-
bodies and 15 % de novo IgE formation toward numerous
digestion-labile dietary compounds, like milk and potato. The
relative risk to develop food-specific IgE after anti-acid ther-
apy was 10.50 (95 % CI, 1.44-76.48). The authors also found
that five months after stopping treatment, food-specific IgE
could still be measured in 6 % of the patients [54].

Microbial Exposure. Immune responses mediated by Th2
cells are considered to play a major role in the pathogenesis
of food allergies. Several hypotheses suggested a pivotal
role of the microbacterial environment in the pathogenesis
of Th2 responses emphasizing the route of antigen exposure
as the crucial factor in the development of allergic reactions
[55].

Microbial organisms may be relevant to the development
of allergy in several ways:

(1) Bacteria can enhance the integrity of the intestinal
barrier [56].

2 4 6 8
prevalence difference

(2) It is suggested that low-level activation of microbial
pattern recognition receptors (PRRs) caused by low-
level pathogen exposure results in allergen presentation
in the absence of IL-12, leading to Th2 lymphocyte
development and allergic sensitization [57]. In con-
trast, pathogen-associated molecular patterns induce
high-level PRRs activation that results in allergen pre-
sentation with IL-12 secretion, leading to Th1/T reg
responses to allergen, without allergic sensitization
[58-63]. However, while certain infections are sug-
gested to be protective [64, 65], this has not been
substantiated in the majority of studies [58, 66-81].
Further, certain parasites [82] and viral infections [60],
mainly by respiratory viruses [66, 83, 84], are reported
to be associated with a high risk for food allergy.

These hypotheses led to recent studies exploring the
potential role of probiotics, i.e. microorganisms (bacteria,
yeast) that exert a beneficial effect on host health, on the
development of food allergy [58]. However, the data do not
yet enable any clear conclusion regarding the potential
beneficial effects of probiotics on the prevention or treat-
ment of allergy in general and food allergy in particular [58,
80, 81].

Mode of Delivery. Tt has been postulated that as the caesar-
ean delivered infant does not pass through the birth canal, he
or she is not inoculated with the bifidogenic microflora of
the mother’s vagina [61, 62] or that certain strains of bacte-
ria (e.g., higher levels of C. difficile) are more prone to
colonize the newborn gut in home versus hospital-based
deliveries [85]. These may lead to skewing of the immune
response in favor of Th2 lymphocytes and lead to an in-
creased risk for food allergy [78, 86-92]. However, other

@ Springer
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studies have failed to find such an effect [85, 93]. Further,
given that studies reporting an association are not random-
ized, it is hard to determine if these findings are not a result
of an a priori selection bias that would lead those with a
higher risk for food allergy to choose a certain mode of
delivery. In a systematic review, it was concluded that there
is evidence that the risk of developing IgE-mediated sensi-
tization to food allergens is increased among children deliv-
ered by caesarean section [61]. Studies using objectively
diagnosed food allergy as the outcome are needed to verify
whether this equates to an increase in confirmed food aller-
gy. In a meta-analysis done between 1966 to 2007, it was
concluded that the association between C-section and food
allergy/food atopy could be difficult to interpret due to
publication bias [62].

Food Consumption (Quantity and Timing and Route
of Exposure). It is proposed that allergic sensitization to
food can occur through low-dose cutaneous sensitization,
while early consumption of food protein induces oral toler-
ance [59]. It is also suggested that certain types of foods in
the diet may increase food sensitization [94]. Small amounts
of food on tabletops, hands, and dust may penetrate the skin
barrier and be taken up by Langerhan's cells. This leads to
Th2 responses and IgE production by B cells. Thus, the
timing and balance of cutaneous and oral exposure deter-
mine whether a child will have allergy or tolerance [59].
While previous American Academy of Pediatrics recom-
mendations and case control studies [95] suggested that
early food exposure leads to food allergy, more recent co-
hort [96—-110], and cross sectional studies [111, 112] and a
randomized controlled trial [comparing extensively hydro-
lyzed versus conventional milk formula] [101] suggested
that late introduction of potential food allergens or cutane-
ous exposure [109] might be associated with allergy, while
early oral exposure might contribute to tolerance. In a study
on 11 atopic children who tolerated cow’s milk with no
acute reactions, an elimination diet resulted in the develop-
ment of an IgE-mediated allergy to milk in all (confirmed
with a DBPCFC) [106]. Further, the only studies supporting
the premise that late introduction might be beneficial) [113]
are based on the development of food sensitivity rather than
confirmed food allergy or parental recall [114, 115]. The UK
group led by Gideon Lack is one of the main pioneers in this
area. Following their observational studies, they have
embarked on the first randomized controlled study, the LEAP
(Learning Early About Prevention) Study (www.leapstudy.
co.uk) that is attempting to address this issue. Given that
“complete” allergen avoidance is impossible and that current
evidence does not justify allergen avoidance for allergy pre-
vention, the debate has shifted on whether to deviate further
from the current consensus of “equipoise” and move to a
position of “deliberate exposure” [63].

@ Springer

Day Care Attendance. Attendance at a day-care centre
involves a high exposure to infections and also antibiotic
treatments. Two cohort studies reported higher risk for food
allergy in children attending daycare although potential
factors responsible for this observation have not yet been
elucidated [84, 116].

Pets and Farming Environment. It has been hypothesized
that high microbial exposure on a farm (including nonviable
microbial components, such as lipopolysaccharide, peptido-
glycan, and bacterial DNA that is recognized by the innate
immune system), either through contact with farm animals
or via consumption of unpasteurized milk, promotes the
development of the non-allergic phenotype by effects on
the development of T-helper and T-regulatory cells [84]. In
contrast, in affluent Western societies characterized by liv-
ing in apartments and houses, exposure to such microorgan-
isms was reduced substantially and hence atopy might have
increased. Although two studies have reported an inverse
association between having pets and living on a farm and
food sensitization [117, 118], no study has explored the
potential effect on clinically confirmed food allergy.

Food Processing. Food processing (e.g. heating or vinegar
addition) may either decrease [119] or increase [120, 121]
food allergenicity.

Omega 3 Fatty Acids (FA). Over the last 50 years, the
consumption of saturated fat and n-6 FA has been substan-
tially increased, while the consumption of n-3 FA derived
from plant and marine food has declined, resulting in in-
creased ratios of n-6/n-3 FA in many countries. Epidemio-
logical studies suggest that the increased intake of n-6 FA in
the Western diet might be one triggering factor for the
increased prevalence of atopic diseases, including allergic
sensitization to food antigens [122]. However, two random-
ized controlled trials exploring this issue have provided
inconsistent results [122, 123].

Vitamin D. There is growing interest in the potential role of
sunlight/vitamin D status on allergic conditions. Studies
have reported a link between food sensitization and vitamin
D levels [44, 124—-132]. However, while some cohort [125,
126], cross-sectional [127], and ecological studies
[128-131] have suggested a protective effect of vitamin D
on the development of food allergy; others failed to sub-
stantiate this association and some even suggested an in-
verse effect, i.e. high levels of vitamin D are associated with
increased food allergy risk [124, 132].

Breastfeeding. Breastfeeding has been explored in numer-
ous studies as a means of protection against the develop-
ment of allergic diseases. With the exception of one study
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[88], all studies so far have failed to find any protective
effect of breastfeeding on the development of food allergy
[84, 133—138]. It is also suggested that the food allergy-
promoting effects of breastfeeding reported by some studies
[133, 134, 137] are most likely because of reverse causation,
and there are neither promoting nor preventive effects of
breastfeeding on food allergy. Infants at the highest risk of
allergic diseases (because of a family history of allergic
diseases or presence of early signs of allergy, such as infan-
tile eczema and wheeze) might be breastfed for longer
periods in the hope that breastfeeding might reduce the risk
of long-term allergic diseases [135].

Demographic Factors

Very few studies have evaluated demographic predictors of
food allergy (Table 4). Among those that do examine po-
tential predictors, the following factors have been associated
with food allergy:

Age. World-wide, food allergy is more prevalent in chil-
dren, potentially due to the high rate of resolution with age
of milk and egg allergy and/or due to a possible cohort effect
with higher levels of peanut allergy in more recent cohorts
[13, 139-155]. In a recent US study, estimates of food
allergy, based on IgE levels [139], revealed that the preva-
lence of clinical food allergy differed significantly and de-
clined with age, being highest at 1-5 years (4.2 %) and
lowest in adults>60 years (1.3 %). The estimates for specif-
ic foods also varied by age. The prevalence of clinical food
allergy to milk, egg, and peanut were each approximately
1.8 % at 1-5 years and clinical peanut allergy was most
prevalent (2.7 %) at 6—19 years; clinical shrimp allergy was
most prevalent (1.2 %) at 20— 59 years [139]. These findings
are consistent with other studies suggesting that milk, egg,
peanut, tree nut, and sesame allergy are more common in
children [13, 142, 143, 146, 147, 150, 151, 154, 155], while
shellfish allergy (and in other studies, also fish allergy) is
more common in adults [13, 140, 146, 150, 151]. However,
in Asia, shellfish allergy is reported to be the leading cause
of allergy in children as well [141].

Gender. In adults, anaphylaxis is more common in females
[156]. However, in studies estimating anaphylaxis incidence
in children, males predominate [156, 157]. The higher fre-
quency of anaphylaxis in adult females could be related to
higher estrogen levels that may lead to enhanced mast cell
activation and allergic sensitization and/or progesterone
inhibiting histamine release, but potentiating IgE induction
[158]. Studies have suggested that this trend is true also for
food allergy, i.e. in children, food allergy is more common

in males, while in adults, females predominate [13, 18, 139,
142, 144, 146-148, 150, 159-165].

Race/Ethnicity. 1t is reported that non-Hispanic black race/
ethnicity have increased odds for food allergy after adjusting
for socioeconomic status and education (Table 4) [139, 144,
151, 164, 166]. In a prospective UK study that involved 76
children with IgE- mediated food allergy presenting consec-
utively to a pediatric allergy clinic, it was found that ethnic
minorities were over-represented in terms of the number of
children with food allergy (when compared to the general
pediatric clinics serving the same population) and the num-
ber of food allergies per child; they also presented at an earlier
age with food allergy, and possibly had a greater variety of
food allergies compared with Caucasians. However, the
authors did not control for potential cultural differences in
dietary habits and life style that could affect the development
of food allergy [167]. There are a few studies, based on
epinephrine auto-injector dispensing rates [168] or parental
self-report [169], which suggested that whites have a higher
prevalence of food allergy. However, this may be attributed to
minority children being under-diagnosed or undertreated for
allergic disorders requiring injectable epinephrine rather than
having a lower prevalence of food allergy.

Socioeconomic Factors. Most studies suggest an increased
rate of food allergy in higher socioeconomic populations
[18, 87, 130, 144, 170].

Although the recent National Health and Nutrition Ex-
amination Survey study (NHANES) and a Swedish study
reported higher levels of food sensitization and likely clin-
ical food allergy in individuals living in poverty compared
to those in higher income households [139, 171]. the 95 %
CI for the effect reported in these studies crosses 1 (Table 4).
Further, food allergy estimates in these studies were based
primarily on IgE levels and the conclusions might have
differed had food allergy reflected clinical allergy.

Education. Of six studies discussing a potential relation
between education and food allergy, five suggested that a
higher education level is associated with a higher prevalence
of food allergy [146, 160, 164, 169, 172]. In the NHANES
study, food sensitization was reported to be higher in house-
holds with less educated participants, but the 95 % CI
(Table 4) reported crosses 1 and hence there was no conclu-
sive effect of education on the prevalence of food allergy
[139]. Additional studies are required to better define the
association between level of education and food allergy.

Maternal Age. Two studies reported higher odds for food
allergy with increased maternal age [87, 173], potentially
due to higher genetic predisposition for developing food
allergy in children with older mothers [173].
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@ Springer

[201]

Children with food hypersensitivity vs children without it, can develop asthma (17.6 % vs 3.4 %) and other allergies

Case control

Penin M

(29.4 % vs 5.1 %) as inhalant allergy more frequently and their relatives have more allergic diseases (62 % vs 32 %).

In those with food allergy the OR for asthma were 1.88 (1.28, 2.76).

[202]

Cross sectional

Annesi—

Maesano |
Monti, G

[203]
[204]

The best predictors for childhood food allergy were a personal history of asthma (p<0.001), a personal history of atopic dermatitis [205]

In infants with atopic dermatitis who were never exposed to egg, the egg challenge was positive in 72/107 children (67.3 %).

Cohort
Cohort

Associations between atopic dermatitis and adverse reactions to foods (RR 3.20, CI 2.83-3.62).

Bohme M

Cross sectional

Al-Hammadi S

(p<0.001), a paternal history of atopic dermatitis (p00.005) and a paternal history of allergic rhino-conjunctivitis (p00.012).

Significant risk factors for developing adverse food reactions among Thai children, were personal allergic history, OR:

4.89, (95 % [209]

Cross sectional

Santadusit S

2.87, (95 % CI, 1.42-5.89).

CI, 2.2-10.75) and family history of allergy, OR:
Children with atopic heredity had a higher risk for a doctor-diagnosed food allergy at the age of 2 years, OR=1.8 (95 % CI,

[210]

Cohort

Schnabel E

1.1-3.0), but not at 6 years OR=1.0 (95 % CI, 0.6-1.8).

OR, odds ratio; RR, Relative Risk; CI, confidence interval; Yo, years old; OAS, oral allergy syndrome; TN, tree nut; DBPCFC, double blind placebo controlled food challenge; CMA, Cow’s milk

allergy; IHF, infant hypoallergenic formulae; DMI, type 1 diabetes mellitus; AFR, adverse food reaction; AD, atopic dermatitis; ARC, allergic rhinoconjunctivitis; APT, atopic patch test; FH, Food

hypersensitivity; RC, rhinoconjunctivitis

Household Size and Birth Order. Only a few studies have
examined the association between household size and food
allergy; all reported that food allergy prevalence decreased
with increased household size [87, 117, 173, 174]. It has
been suggested that the protective association of multiple
pregnancies and older siblings is due to increased exposure
to infections in early childhood from close contact with
siblings. Alternatively, these associations may have their
origin in the prenatal period and may be due to hormonal
and immunologic conditions that differ in the uterus be-
tween first and subsequent pregnancies [87].

Immigrants. Very few studies have explored the relation-
ship between being an immigrant and the presence of food
allergy. Although one European study did not find any
difference in allergy status between immigrants and non
immigrants [175], in general, studies suggest an increased
prevalence of allergic diseases (mainly asthma) that corre-
lates with the length of stay in Westernized countries re-
gardless of age at arrival, sex or atopic status [141, 146, 176,
177]. In a study estimating food allergy prevalence in Hong
Kong and Singapore, it was shown that individuals born in
Western countries, compared to those born in Asia, have a
higher risk of peanut and tree nut allergy although the risk
for shellfish allergy was unrelated to the place of birth [177].

Obesity. Obesity might be a contributor to the increased
prevalence of allergic disease in children, particularly food
allergy. Systemic inflammation (due to proinflammatory
cytokines that are over expressed in obesity) might play a
role in the development of allergic disease [178]. However,
three studies assessing a potential association revealed in-
consistent findings [178-180].

Family/Individual History of Diabetes. Autoimmune disor-
ders are considered to be associated with a Thl immune
response while allergic diseases with a Th2 response. A few
studies aimed to determine whether there is an inverse
relationship between allergic diseases and type 1 diabetes
mellitus in mothers [164, 181] or children [182]. However,
the results are inconsistent [164, 181, 182].

Geography. Recent studies, based on epinephrine auto-
injector distribution data, suggested higher rates of anaphy-
laxis in northern versus southern areas [129-131]. It has
been speculated that this north—south gradient might be due
to differences in vitamin D status [129]. However, given that
the majority of these studies are ecological studies, they are
all susceptible to ecological fallacy in that relationships
observed for groups may not necessarily hold for individu-
als [183]. In a cross-sectional phone survey involving
households with children, Gupta et al. found that age and
geographic region were significantly associated with having
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a food allergy. However, no plausible explanation for this
geographic difference was suggested [144]. In addition,
studies suggested that food allergy may differ not only
according to north—south gradients but also in different
countries located in similar latitudes [153, 177, 184—188].
and in rural versus urban [146, 150] environments. These
differences may be due to differences in life style including
different dietary habits.

Atopy. Atopy, defined as the presence of high levels of any
allergen specific-IgE [189, 190], is common in subjects with
food allergy [191, 199]. The extracellular cytokine milieu
associated with atopic diseases may contribute to the in-
creased risk of an allergic reaction [52, 84, 161, 163, 192].
Although some studies suggested that atopy does not confer
an additional risk of anaphylaxis [193], the majority of
studies reported a strong association between food sensiti-
zation [12, 190, 194-200] or allergy [109, 141, 145, 185,
187, 201-205] and atopy [206, 207]. In the NHANES study,
it was reported that the presence of doctor-diagnosed asthma
increased the risk of food sensitization. Moreover, in those
with a likely food allergy, the adjusted odds ratio for current
asthma (3.80, 95 % CI, 1.50-10.70) and an emergency
department visit for asthma in the past year (6.90, 95 %
CI, 2.40-19.70) were both notably increased [139]. Similar-
ly, studies conducted in Europe [208] and Asia [209] sug-
gested that atopy increases the risk of food allergy. In
addition, a history of atopy in family members is also a
known risk factor for the development of food allergy [210].

Conclusions and Future Directions

This review reveals that while food allergy prevalence might
have stabilized in certain countries, it continues to increase
in others. Food allergy is associated with timing and route of
exposure to potential food allergens and it appears that
certain food allergies are more common in children. In
children, males are more likely to have a food allergy, while
in adults, food allergy is more common in females. Howev-
er, the association between food allergy and environmental
factors such as season, drugs, microbial exposure, pets,
omega-3 fatty acids and vitamin D as well as demographic
factors such as race/ethnicity, socioeconomic status, educa-
tion, immigration status and geographic location is not well
established.

Given the relatively rapid increase in food allergy prev-
alence, it is likely that this results from the interplay of
several, rather than a single, environmental factor(s). One
of the most appealing and widely known explanations is the
hygiene hypothesis. The 'hygiene hypothesis”, as originally
formulated by Strachan, proposes that a cause of the recent

rapid rise in atopic disorders could be a lower incidence of
infection in early childhood, transmitted by unhygienic con-
tact with older siblings [211].

This hypothesis is supported by studies in animal models
suggesting that certain bacterial components may repress the
development of allergic reactions potentially through the
induction of Tregs [212]. Hence, lifestyle changes accruing
in the last decades including smaller family size, decreased
exposure to pets and livestock, fewer infections during
infancy, increased use of antibiotics and vaccinations, and
improved sanitation may have contributed to the develop-
ment of food allergy [213]. However, this hypothesis has
been criticized given the lack of correlation between the
increase in allergic disorders and the decrease in infection
with pathogenic organisms. The suggestion that childhood
infections would protect against allergic disease led to un-
fortunate speculations that vaccinations would increase the
risk for allergies. Numerous epidemiological studies have
revealed that vaccinations against infectious agents neither
significantly increase nor reduce the likelihood of immuno-
logically mediated diseases [214]. More recent studies sug-
gested that protection against allergy is mediated by broad
exposure to a wealth of commensal, non-pathogenic micro-
organisms early in life, rather than by infections.

Hence, it has been suggested that the hygiene hypothesis
should be updated to include dietary factors and the inter-
action of these factors with the microbiota and that a better
term would be the “microbial exposure” hypothesis or “mi-
crobial deprivation” hypothesis [215].

Future studies examining the relative role of potential
environmental and demographic determinants as well as their
interaction with the individual’s genetic background are re-
quired. It is hoped that enhanced understanding of the patho-
genesis of food allergy will contribute to the development of
more effective preventive and management strategies.
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