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PacnpoctpaHéHHoCcTb U ¢aKTOpbl pUCKa

NULLLEBOWU aNnneprum y aeTeu:
0530[) anapeMmonorvd4eCKux uccnenoaauuﬁ
B.L. MpokonbeBa, M.M. ®epnotoBa, Y.B. KoHoBanoBa, B.A. [loukun, 0.C. ®epoposa

CvbMpCKwiA rocyapcTBeHHbI MeavLMHCKUIA YHuBepeuTeT, ToMck, Poccuitckas Qepepaums

AHHOTALMA

06ocHosaHue. NuweBas anneprus — akTyanbHas npobnema neguaTpuyeckon NpakTukW. B mocneaHve pecatunetus otMe-
YeHbl POCT PacnpoCTPAHEHHOCTU U YBEJIMYEHWE YMCTIA TAKENBIX CIIy4aeB NULLEBON aniepruu.

Llenb — oueHWTb pacnpoCTpaHEHHOCTb MULLEBOM anfieprum, a TakKe M3Y4uTb Posib HaCNeACTBEHHbIX W BHELLUHecpeno-
BbIX (DAKTOPOB B PasBUTWM MULLEBOW annepruv y AeTel no AaHHbIM 3MMAEMUONOTMYECKUX KOTOPTHBIX U OJHOMOMEHTHbIX
uccnenoBaHui.

Mamepuaner u Memodel. [poBeAéH CUCTEMATUHECKUA 0030p 3MMAEMMONOTMYECKUX KOFOPTHBIX M OJHOMOMEHTHBIX WC-
CnefoBaHuii Mo M3yyeHuto (aKTOpOB PasBMTUS W PacMPOCTPAHEHHOCTW MULLEBOW aniepruu, onybiMKOBaHHbIX B MepUOA
c 1 aHBaps 2000 r. no 31 pekabps 2021 .

Pe3ynemamei. 0630p no3sonvn 0606LWMTL M CUCTEMATU3UPOBATb HAKOMJEHHbIE 0OLLEMUPOBbIE HAY4HbIE [laHHbIE O MULLe-
BOV anneprun. AHanus anuoeMMonornieckux UCcnefoBaHWin NpoLEMOHCTPUPOBAN 3HAUUTENbHYH) PacnpoCTPaHEHHOCTb MK-
LLEBOI anneprum 1 0Tpaswi 3aKOHOMEPHOCTU €€ eCTECTBEHHOMO TEYEHWS: Haubosiee BLICOKWE MOKa3aTenn 0TMeYeHbl Cpeam
LeTen paHHero BO3pacTa, a K LUKOJIbHOMY BO3pacTy pacnpOCTPAHEHHOCTb CUMMTOMOB M NOATBEPXKAEHHOW MULLEBOM anneprim
nocTeneHHo CHUXaeTcA. Ha 0CHOBaHWM 3NWMAEMUONOrMYECKUX AaHHBIX OCHOBHBIMM (aKTopaMu pucKa NULLeBOi annepriv se-
NAKTCA Hacne[CTBEHHas NPeapacnonoXeHHOCTb U BHELIHecpeoBble haKTopbl, MOANDULMPYIOLLME MUKPOBHOE OKPYEHHE.
3aknwoyenue. HeobxoouMbl fanbHelilune MCCnefoBaHUs FeHETUYECKUX MapKepoB MULLEBOI anjiepriv U U3ydeHue ponu
MWUKPOOMOTMYECKUX (DAKTOPOB B peanu3aLuy HacneACTBEHHON NPeApacnoNioXKEeHHOCTH K anfiepruyeckuM 3aboneBaHmsaM.

KnioueBble cioBa: nuLLeBas anneprus; pacnpocTpaHEHHOCTb; GaKTOpbl pUCKa; AETU.
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Prevalence and risk factors for food allergy in children:
a review of epidemiological studies

Valeriya D. Prokopyeva, Marina M. Fedotova, Uliana V. Konovalova, Vyacheslav A. Dochkin,
Olga S. Fedorova

Siberian State Medical University, Tomsk, Russian Federation

ABSTRACT

BACKGROUND: Food allergy is an actual problem in pediatric practice. In recent decades, there has been an increase in the
prevalence of food allergies, as well as an increase in the number of severe cases.

AIM: To assess the prevalence of food allergy and the role of hereditary and environmental factors in food allergy development
in children according to epidemiological cohorts and cross-sectional studies.

MATERIALS AND METHODS: A systematic review of epidemiological cohorts and cross-sectional studies published between
January 1, 2000 and December 31, 2021, was conducted This review investigated the developmental factors and prevalence
of food allergy.

RESULTS: This review made it possible to generalize and systematize the accumulated worldwide scientific data on food
allergy. An analysis of epidemiological studies revealed a significant prevalence of food allergy, which reflected the natural
course of the disease; the highest rates were found among young children, and by school age, the prevalence of symptoms
and confirmed food allergy is gradually decreasing. Based on epidemiological data, the main risk factors for food allergy are
hereditary predisposition and environmental factors that modify the microbial environment.

CONCLUSION: 1t is necessary to further study the genetic markers of food allergy, as well as the role of microbiotic factors in
the implementation of hereditary predisposition to allergic diseases.

Keywords: food allergy; prevalence; risk factors; children.
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BACKGROUND

Food allergy (FA) is one of the main public health
problems, which is associated with the prevalence of this
pathology, high risk of developing anaphylactic reactions in
addition to FA, and a decrease in patients’ quality of life in
general [1]. According to a number of studies, FA prevalence
is growing rapidly, approaching 6.5% (5% of adults and 8% of
children) of the general population [2]. Economic damage due
to this pathology exceeds 25 billion dollars per year, which is
a significant problem for the society [1, 3, 4]. The development
of allergic diseases and FA in particular is determined by
hereditary predisposition, which is realized in the process
of ontogenesis under the influence of several trigger factors
[2, 5, 6]. Food allergen sensitization is formed in the first
months of a child’s life through the interaction of food antigen
proteins with the intestinal lymphoid system [7]. Generally,
FA represents the debut of atopic march with subsequent
development of diseases including atopic dermatitis,
bronchial asthma, and allergic rhinitis in later years [2, 5].
To understand the patterns of FA development, which is a
milestone in the development of allergic diseases, and to
explore the current scientific trends in this area, an objective
assessment of this pathology’s prevalence and an analysis
of the factors associated with its development are necessary.
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OBJECTIVES AND ALGORITHMS
OF THE REVIEW

This review aims to assess the prevalence of FA and to
study the role of hereditary and environmental factors in FA
development in children according to epidemiological cohort
and cross-sectional studies.

Data sources

An analysis of scientific publications presenting the
results of epidemiological cohort and cross-sectional studies
aimed at investigating FA prevalence, as well as the factors
influencing its occurrence, was performed. The research
was conducted using database search engines PubMed and
eLibrary. The review presents original articles published from
January 1, 2000, to December 31, 2021.

The analysis was performed according to the following
algorithm:

Stage 1. Publications on the study of FA prevalence and
factors influencing its occurrence in children were initially
searched. Keywords used for the search include “children’s
cohort study,” “food allergy,” “children’s cross-sectional
study,” and “prevalence of food allergy.” At this stage,
2,462 articles were obtained, selected during the initial
search using keywords and titles (Fig. 1).

Publications identified through search

Stage 1
in PubMed, eLibrary databases (n=2462)

= Excluded publications: duplicates, promotional
articles, descriptions of clinical cases, etc.) (n=2266)

Publications screened
(n=196)

Excluded publications after detailed
analysis, do not meet the selection criteria (n=154)

\
—

Full text articles rated for eligibility
(n=42)

Excluded full-text publications:
review, retrospective studies (n=11)

\/
Y

Studies included in the meta-analysis
(n=31)

Fig. Database search algorithm.
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Stage 2. Abstracts of publications obtained during the
initial search were analyzed, and 2,266 papers that did
not contain data on FA prevalence and/or factors of its
development, as well as review articles, were excluded from
the review. During the second stage, 196 publications were
selected for further analysis.

Stage 3. The authors conducted a detailed analysis of the
full text of 196 publications after removing duplicates. Review
publications, retrospective studies, comparative clinical
studies, etc., were excluded at this stage.

Based on the results of the third stage, 31 publications with
data on 15 cohort and 16 cross-sectional epidemiological studies
were selected for review preparation. The mandatory criteria
for inclusion of articles in the final analysis included availability
of the full text version of the article; comprehensiveness of
the study design, including sample characteristics, selection
criteria, and age of participants; and methods of FA diagnostics.
Firstly, data availability on the prevalence of FA symptoms
and/or the prevalence of FA, confirmed by allergological
examination (skin allergy testing and assessment of specific
IgE in blood serum), had been assessed in the articles.
Selected studies evaluated the available data on the influence
of hereditary and various environmental factors (antibiotics
use, smoking, socioeconomic status, living conditions, etc.)
that affect FA development (see figure).

PREVALENCE OF FOOD ALLERGY

This review presents an analysis of the epidemiological
studies’ results (n=31), including cohort prospective and
cross-sectional studies conducted in the 1989-2018 period.
In the course of these studies, children were monitored from
birth or from the age of the first clinical manifestations. In
prospective cohort studies, follow-up ranged from 6 months
to 6 years. Cross-sectional studies were performed in
different age groups [8, 9. The review includes four studies
performed in Russia within the limits of cross-sectional
epidemiological projects (Tables 1, 2). The largest cohorts
were observed in the EuroPrevall study, which sample size
exceeded 30,000 children [20] (see Tables 1, 2).

The presence of allergic sensitization in children (the level
of specific IgE, positive skin prick tests with most common
food allergens) combined with clinical manifestations of
FA was used as an FA diagnostic criteria. In some papers,
authors studied only the prevalence of FA symptoms based
on interview results. Noting that authors primarily assessed
sensitization to food allergens of the “big eight,” which has
the greatest clinical significance, is important. However,
due to traditional food preferences in different countries,
significant geographical differences were observed in the
prevalence of food allergens, such as, for example, allergies
to peanuts or tropical fruits and seafood [39-41].

According to the conducted study, the prevalence of
FA symptoms varies significantly depending on the age of
patients and evaluation criteria. Before the age of 2-3 years,
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food-related symptoms occur in more than 1/3 of children
[11, 12, 23, 37]. Significantly, the development of reactions
within 2—-4 hours after eating food is recorded much less
frequently: most commonly, approximately in 5% of subjects
or less (see Tables 1, 2) [25, 31].

A number of studies have revealed a regular decrease
in FA symptoms during the first six years of a child’s life
[6, 37]. In a United States study (n=1387), the prevalence of
FA symptoms in children in a continuous sample during the
first 4 months was 36.2%; by 12 months, it was 24.8% [11].
However, persistent symptoms of FA from birth to the age of
6 years were detected only in 3.7% of children from the total
cohort [11].

Data on the prevalence of IgE-mediated allergies also
vary significantly depending on the age of children and the
region of residence. To confirm the presence of IgE-mediated
sensitization to food allergens, using skin prick tests with
food allergens and determining the level of specific IgE in
blood serum by enzyme immunoassay (ELISA) are currently
recommended [42-44]. It is important to note that FA
prevalence rates peak during the first 2 years of life and then
decline as tolerance to certain foods develops [14, 16, 17, 34].
In a number of studies, authors estimated the FA prevalence
in children from birth up to 3 years of age [15, 18, 27, 45]. At
the age of 1-2 years, confirmed FA varies within 13%—-18%
[14, 15]. In a study in Korea (n=16,749), according to the
results of observation, FA in the first year of life was 15.1%
with a further decrease by 6 years of age to 3.3%, which is
associated with the development of food tolerance [25]. With
age, the indicators decrease, and according to study results,
by the age of 3-4 years, FA is detected in 3%—7% of the
examined children [12, 14, 16, 17, 22, 34]. A study in Taiwan
(n=186) showed that FA, confirmed by skin prick tests and
assessment of specific IgE level, was registered in more than
1/3 of cases by the age of 4 years. The lowest prevalence
(<2%) in this age group was found in studies in South Africa
and Finland (see Tables 1, 2) [9, 34, 32].

For school age children, the highest prevalence was
shown in an Australian study [28]; the lowest is in Russia
(according to the results of two studies, it barely exceeds 1%)
(see Tables 1, 2) [35, 38].

In nondomestic clinical practice, the gold standard for
FA diagnostics is a double-blind placebo-controlled test.
Notably, this diagnostic method is used infrequently, which
is primarily due to the complexity of performing this type of
diagnostics and the risk of adverse reactions [46, 47]. This
review includes three studies performed using this method
[19, 21, 30]. According to obtained results, FA prevalence rates
also vary depending on age: The highest rates were registered
among children under 5 years of age (see Tables 1, 2). It
is significant that only in 1/3 of children with sensitization
(according to IgE assessment), FA was confirmed (according
to placebo-controlled tests) [19]. The lowest prevalence of
FA was registered by the age of 15 years in a Turkish study
(n=10,096) [30].
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FACTORS AFFECTING
THE DEVELOPMENT OF FOOD ALLERGY
IN CHILDREN

In the course of prospective and cross-sectional studies,
the most significant risk factor for the development of FA
development was revealed to be positive allergic history (see
Tables 1, 2). A number of studies have convincingly shown that
allergic diseases in parents is the main factor determining
FA development [13, 19, 23, 24, 28, 30, 33]. Epidemiological
statistics confirms the fact that the pathophysiology of
FA development is a complex interaction of genetic and
environmental factors [48]. Simultaneously, most of the
factors that are statistically significantly associated with FA
development in one way or another were noted to modify
the microbiotic composition of the body and the environment.
Thus, for example, cesarean section delivery is associated
with a higher risk of developing FA. This phenomenon
is associated with the fact that the child, without passing
through the birth canal, does not come into contact with the
natural microbiota of the mother, which leads to disturbances
in the formation of the newborn’s digestive tract microbiota
and subsequent changes in the local immune response to
food allergens [49-51]. One study showed (n=3738) that
children delivered via cesarean section were almost 1.5 times
more likely to develop FA than those delivered vaginally [28].

One of the common risk factors affecting the development
of allergic diseases in older age is the lack of breastfeeding
during the first year of life [11, 23, 16, 17, 52]. For example,
10%-15% of children with FA symptoms were shown to
have not been breastfed during the neonatal period [11].
Another study (n=65) found that exclusive breastfeeding was
a significant protective factor in children only up to 1 month
of age [16].

According to the “hygienic hypothesis,” a decrease in the
microbial load on the body increases the risk of developing
allergic diseases and atopy [53]. For example, the risk factors
for the development of allergic diseases have been to include
living in an urban environment, frequent hygiene procedures,
and cleaning, while the protective factors include living in a
rural area and the presence of pets and older children in the
family [24, 35, 36, 53]. Significantly, high social status of the
family and the mother and father’s higher education are also
associated with a higher risk of developing FA [26, 38].

In addition to the factors that modify the microbial
composition of the body and the environment, studies also
revealed the characteristic of the specific region of residence
as a protective factor [10, 24, 38]. For example, in Iceland,
which is a country with northern climate, the authors found
that earlier introduction of fish and vitamin D into the diet of
a child is accompanied by lower prevalence rates of allergic
diseases at an older age. Moreover, FA incidence was
determined to be significantly lower in children who received
fish and fish oil [21].
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A large-scale epidemiological study conducted in Russia
(n=12,813) showed that living in rural areas with high levels
of endemic helminth infection Opisthorchis felineus is
associated with reduced risk of developing FA compared to
that of an urban sample. The data obtained are explained by
the modulating effect of helminth infections, and, particularly,
Opisthorchis felineus, on the immune response [38].

A study [10] (n=590) showed that sensitization to food
allergens, confirmed by allergy skin testing (cow’s milk
protein, 22.6%; chicken egg, 17.8%), is 3 times more common
in African American children than those in the Caucasian
race. This fact is most likely explained by the characteristics
of skin reactivity in people of different races than by the
characteristics of immune response [10, 54].

Significant factors positively associated with FA
development also include infectious diseases suffered by
the mother during pregnancy, smoking, and poor nutrition
of the pregnant and lactating mothers [11, 13, 17, 22, 29]. The
relationship between excessive weight gain in the mother and
subsequent development of allergic diseases in the fetus has
been described [24, 55].

A number of studies have registered that taking
medications during pregnancy, most often antibiotics,
subsequently increases the risk of developing FA in a child
[13, 17]. The authors attribute this fact to the antibiotics’
ability to disrupt bacterial colonization, which in turn can
cause immunopathological reactions in fetus [56].

Various data on risk factors are of great practical
importance, being a scientific basis for preventive measures,
including the formation of risk groups and population-based
preventive measures, as well as theoretical significance
of understanding the foundations of FA development and
choosing further areas of scientific research.

CONCLUSION

This review made generalizing and systematizing the
accumulated worldwide scientific data on FA possible.
A significant prevalence of this pathology has been
demonstrated worldwide. Epidemiological studies also
demonstrated the patterns of FA natural course: the highest
rates were noted among young children, and by school
age, the prevalence of both symptoms and confirmed FA in
children gradually decreases.

Based on the obtained epidemiological data, analysis
of various aspects of FA development was performed.
The leading factor determining the development of
hypersensitivity to food allergens is hereditary burden of
allergic diseases. Genetic predisposition to FA, confirmed
by a series of epidemiological studies, dictates the need for
deep analysis of this pathology’s hereditary nature. Currently,
there is an active search for genetic markers of FA based
on genome-wide association study of individuals suffering
from this pathology. Studying FA markers is a necessary
component of personalized preventive approach.
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In addition to its genetic predisposition, FA development
is influenced by a number of external factors. Among the
diversity of various environmental prerequisites for FA
development, studied in the framework of this review, factors
that modify the microbiotic composition of the body and the
environment are of leading importance. Particularly, cesarean
section delivery and formula feeding have been shown to
be associated with higher risk of FA development. Similar
observations were recorded with respect to such factors as
urban lifestyle, high social status, and higher education of
parents. These factors to some extent affect the composition
of the body’s microbial environment. In this regard, in recent
years, the current scientific trend is the study of microbiotic
aspects of FA development. For example, currently studies on
the role of various microbiotic communities in the process of
realizing the genetic risk of developing allergic diseases and
FA in particular are gaining more and more interest.

Thus, this review generalizing the accumulated
large-scale data on the prevalence of FA prevalence possible.
The data obtained during the analysis on the factors of FA
development are the necessary theoretical basis for the
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