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differences
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ABSTRACT

In recent decades, immunoglobulin E (IQE) mediated food allerqy has become a growing public health concern. Converging evi-
dence from cross-sectional prevalence studies, health care utilization records, and cohort studies indicate that food allergies are
increasingly prevalent and often severe. Although IgE-mediated food allerqy has long been considered a predominantly pediatric
concern, analysis of recent self-reported data suggests that food allergies may be more prevalent among adult populations than pre-
viously acknowledged, with many reported cases of adult-onset allergies as well as persistent childhood-onset allergies. Results of
studies also suggest that food allergy—related health care utilization is increasing as more individuals seek emergency treatment for
food-induced anaphylaxis. Analysis of epidemiologic data also indicates that the burden of food allergies is unequally distributed.
Published prevalence rates are highest in Western countries, e.g., the United States, United Kingdom, and Australia. Within these
countries, there also is heterogeneity across racial and/or ethnic groups, with non-White and second-generation immigrant popula-
tions disproportionately affected. Importantly, such observations can shed light on the etiology of food allerqy and inform improved
clinical management, treatment, and prevention efforts. For example, there is a growing consensus that earlier introduction of aller-
genic foods, e.g., peanut, promotes oral tolerance and can dramatically reduce food allergy risk. In addition, much attention has
been paid to the potentially deleterious effects of cutaneous allergen exposure, e.g., through eczematous skin, which can skew the
immune response away from tolerance and toward allergic sensitization, thereby increasing food allergy risk. Furthermore, there is
a growing appreciation for the potential protective effects of diverse microbial exposures, given mounting evidence for the immuno-
modulatory effects of the human microbiome. Also, when considering the geographic variability in the prevalence of certain food
and environmental allergies as well as their structural similarities at the molecular level, it is believed that co-sensitization between
food and environmental allergens may be a key driver of rising food allerqy prevalence.

(J Food Allergy 2:11-16, 2020; doi: 10.2500/jfa.2020.2.200028)

mmunoglobulin E (IgE) mediated food allergy is a
growing global public health concern' that can dra-
matically impact quality of life* and impose considerable
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economic burden on patients and their families. Analysis
of data also indicates that food allergic reactions result in
rising numbers of emergency department (ED) visits and
hospitalizations. There is converging evidence from
cross-sectional prevalence studies, health care utilization
data, and cohort studies that food allergies are increas-
ingly prevalent and often severe. However, analysis of
the current epidemiologic data suggests that the popula-
tion-level burden of food allergies varies substantially
around the world, not only between countries but within
them as well. This review aimed to summarize the grow-
ing epidemiologic literature that characterizes the distri-
bution of IgE-mediated food allergy, both in terms of
disease prevalence and other key food allergy outcomes,
including how these outcomes vary among patients of
different racial and/or ethnic groups. Current hypothe-
ses on mechanisms of food allergy development believed
to underlie the observed patterns of global food allergy
prevalence are also reviewed.

FOOD ALLERGY PREVALENCE

Worldwide Food Allergy Prevalence

In 2012, the World Allergy Organization systemati-
cally reviewed global studies on the prevalence,
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Figure 1. Available food allergy prevalence estimates around the world, varying in study design. From Ref. 4. Permission obtained from

Springer Nature to reuse the figure.

patterns, and burden of food allergy.” However, the
studies from which these data were gleaned were
highly heterogeneous, given that they were conducted
over a wide range of time periods, used a variety of
study designs, observed varying pediatric age ranges,
and applied different criteria to define and/or measure
food allergy (oral food challenge [OFC], symptoms
and sensitization, or parental reporting). Among the 89
countries that provided prevalence data, only 9 coun-
tries had any estimates in which food allergy cases
were confirmed in patients via OFC, the most conclu-
sive diagnostic approach.” Among these nine coun-
tries, the highest rates of food allergy were reported
among Australian infants, 10% of whom were food al-
lergic (mostly to egg) at 12 months. In contrast, an
OFC-confirmed food allergy prevalence rate of 1%
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(mostly to shrimp) was observed among Thai pre-
school children, which indicated a remarkable degree
of geographic variability in food allergy prevalence.’

In recent years our understanding of the global dis-
tribution of food allergies has grown substantially. The
most up-to-date country-specific pediatric food allergy
prevalence estimates from published population-based
epidemiologic studies are summarized in Fig. 1.*
However, these studies are also heterogeneous in
study design. In addition, much remains unknown
about the current prevalence of food allergy, particu-
larly in non-Western countries. It is important to note
that this map only shows pediatric estimates because
there is a paucity of available data on the current food
allergy burden among adults, particularly outside of
Europe and North America.*
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Figure 2. The prevalence of current food allergy among ULS. children from a survey of 38,408 children. From Ref. 6. FA = Food allergy.

Food Allergy in the United States

In 2018, a population-based cross-sectional preva-
lence survey was administered to >50,000 U.S. house-
holds.”® Findings demonstrate that food allergy affects
a much larger number of Americans than previously
acknowledged. Specifically, this survey estimated that
10.8% of U.S. adults® and 7.6% of children® have at
least one current food allergy. In this study, food
allergy was defined as having a self- or parent-
reported food allergy, along with a self- or parent-
reported history of at least one convincingly IgE-medi-
ated reaction symptom.”® These symptoms were iden-
tified by a panel of food allergy experts and include
the following: hives, swelling, difficulty swallowing,
throat tightening, chest tightening, trouble breathing,
wheezing, vomiting, chest pain, rapid heart rate, faint-
ing and/or dizziness and/or feeling light-headed, and
low blood pressure. Because food allergies are often
underdiagnosed and overreported by individuals,™®
application of the strict symptom parameters to esti-
mate food allergy better reflects the current prevalence
of “true IgE-mediated food allergy” in the United
States. Allergen-specific estimates of current pediatric
and adult food allergy prevalence are provided in Figs.
2 and 3, respectively. Both Figs. 2 and 3 indicate that
many Americans, including nearly one in five adults,
believe themselves to be food allergic, even if they do
not report reaction symptoms consistent with an IgE-
mediated reaction on ingestion of a suspected allergen.

The aforementioned prevalence data build on previ-
ous national studies, which describe a growing burden
of food allergy over recent decades. Results of a series
of cross-sectional, random digit dial telephone survey
that assessed self-reported peanut, tree nut, and ses-
ame allergy, suggested that peanut allergy prevalence
among U.S. children was 1.4% in 2008, a marked
increase from 1997 (0.4%) and 2002 (0.8%).” The tree
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nut allergy prevalence was estimated to be 1.1% in
2008, compared with 0.5% in 2002 and 0.2% in 1997,
also indicative of a substantial increase in food allergy
prevalence.” In general, common food allergens among
children and adults are similar (peanut, tree nut, milk,
shellfish, fin fish, egg, wheat, soy, and sesame) but the
prevalence of each allergen varies. As seen in Fig. 2,
peanut is the most common allergen among children,
whereas shellfish is the most common allergen among
adults (Fig. 3).”°® Notably, 40% of children with a
food allergy and 45% of adults with a food allergy
report convincing allergies to multiple foods.

In 2010, food allergy was estimated to be more preva-
lent in urban areas as opposed to rural areas of the
United States, whereas the odds of having a food allergy
were higher in southern states compared with northern
states.’ In addition, two in five children and half of
adults with a food allergy report experiencing a severe
food-triggered reaction, with nearly one in five children
and one in ten adults with food allergy reporting an ED
visit for an allergic reaction within the past year.”® In
addition, 42.0% of children and 38.3% of adults with a
food allergy report at least one food allergy—related ED
visit within their lifetime.”® These increasing levels of
health care utilization are consistent with other U.S. data,
which indicated increasing food allergy-related health
care utilization.* For instance a recent analysis of national
health care claims data found that, from 2007-2016, the
percentage of all claim lines with a diagnosis related to
food-induced anaphylaxis increased by 377%.°

RACIAL AND/OR ETHNIC DIFFERENCES IN
FOOD ALLERGY

Differences in food allergy prevalence have been
observed by race and/or ethnicity; however, there
remains a paucity of data from around the world. Data
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Figure 3. Prevalence of current food allergy among U.S. adults from a survey of 40,443 adults. From Ref. 5. FA = Food allergy.

from the Australian HealthNuts study demonstrate that
rates of peanut allergy and peanut sensitization are three-
fold more prevalent among infants with East Asian-born
parents compared with their peers with Australian-born
parents." In a study of South Asian Indian immigrants in
the United States, tree nuts were the most commonly self-
reported food allergen, whereas legumes (excluding pea-
nut and soy) were the sixth most common allergen.'>
However, legumes (excluding peanut and soy) are not
among the nine most common. food allergens reported by
the general U.S. population.”® Differences in diet could
explain this variation in prevalence. In addition, in the
United States, food allergies seem to be particularly more
prevalent among Black children compared with White
children, similar to other atopic conditions, e.g., asthma
and eczema.

Remarkably, analysis of epidemiologic data indicates
that, in the United States, there are more non-White
children with food allergy than there are White chil-
dren with food allergy (2.9 versus 2.7 million),® despite
common misconceptions that food allergies dispropor-
tionately impact White youth. Analysis of recent sur-
vey data also show that White adults have lower rates
of food allergy compared with their Black, Hispanic,
Asian, and multiracial peers, and that rates are similar
among adults in the highest and lowest income strata.”
Sicherer et al.'® also obtained peanut specific IgE levels
on children across multiple allergy clinics (N = 503). In
observing differences in race, Black children were
more likely to have a peanut specific IgE level of >5
kUa/L compared with their White counterparts."
When studying other allergens (milk, egg, peanut,
and shrimp) through the U.S. Centers for Disease
Control and Prevention 2005-2006 National Health
and Nutrition Examination Survey, Black children
were more likely to be sensitized over the diagno-
stic cutoff values (0.35 kUa/L).'* Reported food
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sensitization prevalence among Black individuals
(regardless of age) was 27% compared with 13.8%
for White and 21.2% for Hispanic individuals. The
estimated clinical food allergy rates were 5.9%
among Black, 1.9% among White, and 2.7% among
Hispanic individuals.'*

Interestingly, previous epidemiologic studies reported
that Hispanic children may be less likely to have a food
allergy relative to White children.’>'® However, more
recent data have not identified significant differences in
disease prevalence among White and Hispanic respond-
ents. In general, the distribution of food allergy among
U.S. Hispanic populations has been undercharacterized,
and further work is needed to better understand the bur-
den of food allergy among this diverse and growing de-
mographic group.

A multi-site retrospective cohort study conducted in
Chicago and Cincinnati concluded that African-
American and Hispanic children have higher rates of
food-induced anap )Ilaxis and ED visits than their
White counterparts.”” Another population-based study,
conducted in Florida, examined ED visits (N =2751) and
used the International Classification of Diseases, Ninth
Revision codes to identify food-induced anaphylaxis.
The investigators concluded that Black children had
higher odds of food-induced anaphylaxis than White
children.'® The aforementioned findings are consistent
with more recent national survey data, which estimate
that Black pediatric patients with food allergy report
higher rates of severe reactions as well as higher rates of
food allergy-related ED visits than White children, even
after adjusting for comorbid atopic conditions and
many other relevant sociodemographic factors.® Adult
data from the same nationally-representative survey
also identified elevated rates of food allergy-related ED
visits among Black and Hispanic adults after adjusting
for a similar comprehensive set of covariates.’
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Although analysis of the above data suggests that the
physical health burden of food allergy may fall dispro-
portionately on communities of color, considerably less
is known about how the psychosocial impact of living
with a food allergy varies across racial and/or ethnic
strata.’® One recent study, of 103 families, found that
Asian American caregivers of children with food-
allergy reported a higher perceived risk of allergen ex-
posure compared with their Black, White, and Hispanic
counterparts.”’ In this study, African American caregiv-
ers reported the lowest perceived risk of allergen expo-
sure of all racial and/or ethnic groups but the highest
worry. At the same time, Hispanic caregivers reported
greater perceived food allergy severity yet the lowest
perceived parental burden with regard to their child’s
food allergy management.*

However, little remains known about the (likely)
complex dynamics that underlie these observed differ-
ences, and further work is needed, not just to replicate
these findings in larger, more nationally representative
samples but to better understand whether racial differ-
ences exist with respect to the psychosocial burden
experienced by patients with food allergy themselves,
not just their caregivers. When considered together,
these data underline the importance of systematic
efforts to better understand and address the root
causes of these apparent racial differences in food
allergy prevalence, health care utilization, and other
key patient-reported outcomes.

POTENTIAL DRIVERS OF INCREASING FOOD
ALLERGY PREVALENCE

Although the reason for observed increases in food
allergy prevalence remains unclear, a growing number
of plausible causal factors have been identified. As
with other chronic, noninfectious, inflammatory dis-
eases, the fast rise in the prevalence and severity of
food allergy cannot be attributed to genetics alone.
Although a genetic predisposition to food allergy is
apparent, one’s environment and lifestyle may cause
the epigenetic phenomena that allow for the expres-
sion of this allergic phenotype. In exploring food
allergy development and the increase in food allergy
prevalence, racial differences have yet to be extensively
studied.

The presence of atopic dermatitis and the timing of
introducing common food allergens to infants are two
of the more widely accepted hypotheses for the devel-
opment of food allergy, and, subsequently, the increase
in food allergy prevalence overall. These two hypothe-
ses are based on the observation that, when food is
introduced orally, the food proteins are processed by
the immune system in a deliberate and specific way to
induce tolerance. Briefly, food antigens are actively
transported across the gut endothelium, ingested by
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CD103" dendritic cells, which induce the production of
Forkhead box P3 and transforming growth factor beta
(Foxp3+) T-regulatory cells via a TGFB and retinoic
acid dependent mechanism in local lymph nodes.”'
When this mechanism of oral tolerance is interrupted
and food is first introduced to the immune system by
an alternate mechanism, then food allergic sensitiza-
tion may occur.

Atopic dermatitis is frequently found to be comorbid
to food allergy and has increased in prevalence at a
rate similar to food allergy.*” In atopic dermatitis, the
skin barrier function is disrupted, which accelerates
water loss from the skin and leads to excoriation-
induced lesions.”® These lesions may provide a path-
way of introduction for food more similar to that of
bacterial pathogens that, therefore, results in allergic
sensitization rather than oral tolerance. Food antigens,
such as peanut protein, have been shown to be present
in house dust.** Infants who crawl on the ground
through peanut-containing dust, therefore, may be
“introduced” peanut for the first time through lesional
skin rather than orally where deliberate immune
mechanisms can induce tolerance.”® The method of
allergen exposure may also explain why the early oral
introduction of peanut has been shown to decrease the
incidence of food allergy. Early introduction of peanut
orally and application of barrier cream to atopic
lesional skin may be key elements in decreasing the de-
velopment of food allergy.*®

Another complementary hypothesis for the increase
of food allergy prevalence is the microbiome hypothe-
sis. This hypothesis states that the intestinal microbes
that have co-evolved with humans over the past sev-
eral millennia influence the development of the intesti-
nal immune system and, therefore, the development of
oral tolerance. Modern practices in Western cultures,
such as diet, antibiotic use, and sanitization, may have
skewed the types and diversity of microbes in the gut.
Loss of certain key bacteria have been shown to allow
the disruption of the endothelium and leakage of food
antigens from the gut lumen into the blood stream
where, as in the atopic dermatitis hypothesis, it can be
first presented to the immune system outside the nor-
mal pathways of tolerance.”” This hypothesis may
explain why the presence of dogs in the home may
decrease the risk of allergic sensitization because dogs
may help colonize the home environment with
microbes conducive to the development of a healthy
intestinal immune system.”® Also, co-sensitization with
aeroallergens that are structurally similar to certain
foods (homologues) may be a key trigger for food al-
lergic sensitization. Examples of this include tropo-
myosin found in shellfish, mites, and other insects as
well as lipid transfer proteins and profilins found in
tree and weed pollen as well as vegetables, fruits,
and seeds.”’ This hypothesis is supported by key
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observations, particularly in adults who developed
shellfish allergy later in life and in close temporal prox-
imity to the development of insect allergy.

CLINICAL PEARLS

® Rates of IgE-mediated food allergy vary worldwide,
with Western countries, such as the United States,
United Kingdom, and Australia, exhibiting some of
the highest observed rates.

* IgE-mediated food allergy impacts nearly 8% of chil-
dren and 11% of adults in the United States, with
~40% reporting receiving food allergy treatment in
the ED.

® Racial differences exist in IgE-mediated food allergy
prevalence and health care utilization but further
work is needed to elucidate racial differences, espe-
cially in the adult population.

* In addition to genetics, the Western lifestyle may be
causing epigenetic phenomena that contribute to
IgE-mediated food allergy development.

® Timing of food allergen introduction, eczema, the
microbiome, and co-sensitization with aeroallergens
may contribute to the increasing prevalence of IgE-
mediated food allergy.
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