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I Abstract
Introduction. Allergy affects approximately one-third of the world’s population, and the rates are growing. In Europe, it has
been noticed that the risk of asthma and allergy is lower in the rural as opposed to urban population. There is a tendency
for several allergic diseases to be present in the same person at the same time.
Objective. The aim of the study was to verify the co-occurrence of allergic multimorbidity and food allergy and intolerance
in a group of children.
Materials and method. The multicentre cross-sectional study enrolled 1,008 children and adolescence aged 6-18 years
(51.2% boys, 48.8% girls). The study comprised a questionnaire (respondents’ declarations) and an outpatient examination
(diagnostic examination followed by a medical diagnosis). The study was conducted as part of the 2016-2020 National
Health Programme.
Results. In the study group, allergic rhinitis (AR) was present in 46.4%, bronchial asthma (BA) in 11.2% and atopic dermatitis
(AD) in 6%. Allergic multimorbidity (simultaneous presence of 2 or more of the allergic diseases AR, BA and AD) was diagnosed
in 9.7%. A single allergic disease (of the 3) was diagnosed in 43.4%. A diagnosis of food allergy and food intolerance was
reported respectively at 29.6% and 14.3% participants with doctor-diagnosed allergic multimorbidity. Among those without
any of the 3 allergic diseases, the percentage were 14.4% and 9.1%, respectively.
Conclusions. Food allergy or food intolerance was more common in subjects with allergic multimorbidity than in subjects
diagnosed with one allergic disease or those free of allergic diseases.
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I Abbreviations
ISAAC - International Study of Asthma and Allergy In Childhood; ECRHS Il - European Community Respiratory Health
Survey lI; BA — bronchial asthma; AR - allergic rhinitis; AD — atopic dermatitis; FI — food intolerance; WHO — World Health
Organisation; FA - food allergy; ECAP - Epidemiology of Allergic Diseases in Poland; ARIA - Allergic Rhinitis and its Impact

on Asthma

INTRODUCTION

Allergy is a hypersensitivity reaction involving immune
mechanisms mediated by inflammatory cells or antibodies
[1, 2]. Allergy affects approximately one-third of the world’s
population [3, 4, 5], and the rates are growing [6]. Allergies
are a significant public health problem in both developed and
developing countries [3-5, 7]. Differences in the prevalence of
allergic diseases between urban and rural areas exist in many
parts of the world. Research in Africa and Asia has shown that
the burden of allergic disease is lower in rural populations [8].
In Europe, too, it has been noticed that the risk of asthma and
allergy is lower in the rural as opposed to urban population [9].
The results of 2 epidemiological studies (International Study
of Asthmaand Allergy In Childhood [ISAAC] and European
Community Respiratory Health Survey IT [ECRHS II]) reveal
a growing prevalence of bronchial asthma (AR), rhinitis (AR),
atopic dermatitis (AD) and food allergy (FA) [6]. These trends
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are particularly visible among children [3]. As stated in the
Allergy White Book, the highest increases in prevalence over
the last century have been observed for AR (1% - 20% of the
population), BA (2-fold increase in the number of patients)
and AD (now affecting 24% of children under 7 years of
age) [3, 5]. According to the relevant literature, food allergy
affects 2 — 3% of the world’s population [3]. At the same time,
social awareness about causative factors for food allergy has
been growing [10]. The most common animal-derived food
allergens that also most often cause food allergy in infants are
cow’s milk proteins, which are responsible for 2.0 - 3.5% of all
food allergies, and eggs, causing 1.3 — 3.2% of allergies, while
nuts, wheat flour, soybean and fish more often cause allergies in
adults [10, 11, 12]. Clinical manifestations following ingestion
of sensitising food may be shared by allergy, which is caused
by immune-mediated mechanisms, and food intolerance (FI)
[13], associated with non-immune-mediated mechanisms [14].

According to the WHO, allergic asthma - an immune-
mediated disease — ranks among the most common chronic
medical conditions, affecting approximately 4% of the global
population and 10% of Europeans [15, 16]. The Global
Initiative for Asthma report estimated the prevalence of
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asthma in various countries at 1% — 18% of the population
[16]. The ISAAC study found that asthma is more common
in developed countries, while in developing countries it is
more severe in children. The ECAP (Epidemiology of Allergic
Diseases in Poland) study found that asthma affects 2 - 7%
of children in the Polish population between 6 and 7 years
of age and 4 - 10% of those aged 13-14 years [5].

Another allergic disease is atopic dermatitis (AD), which
affects about 3% of adults and about 20% of children worldwide
[17], and manifests as a chronic and recurrent dermatitis with
eczematous foci, pruritus, exfoliation and dry skin [17, 18,
19]. The highest incidence of AD is in the first year of life,
and onset before the age of 5 years occurs in 90% of cases
[19]. The aetiopathogenesis of AD is not fully elucidated, but
a genetic background has been established [20, 21].

The most common allergic disease is allergic rhinitis (AR),
with both environmental and genetic factors playing a role
in its aetiology. It affects 10 — 20% of the world population,
with Poland ranking among the European countries with
the highest rates of AR [22]. AR is an inflammatory reaction
of the nasal mucosa to an allergen, manifesting as a watery
discharge, sneezing and nasal congestion and itching [23].
Research shows that early signs appear before the age of 20
in 80% of patients [22]. There is a tendency for several allergic
diseases to be present in the same person at the same time.
This is particularly noticeable in childhood [24].

According to the ARIA (Allergic Rhinitis and its Impact
on Asthma) classification, there is a close relationship
between bronchial asthma and allergic rhinitis. Research
shows that about 80% of BA patients also suffer from AR
[22]. Respiratory allergic disease also co-occurs with atopic
dermatitis syndrome. Co-existing manifestations of AD and
asthma are seen in 20% of children [25]. Allergic rhinitis,
asthma, AD and food allergies are allergic diseases sharing
IgE antibody-mediated causative mechanisms [26]. Children
with AD, asthma or AR are at a higher risk for food allergies
than healthy children [27, 28]. Research to date has mostly
focused on the description of relationships between asthma,
AD and AR [29], while data on the link between these diseases
and food allergy are scarce [30].

OBJECTIVE

The aim of the study is to demonstrate in a group of children
the concomitant presence of allergic multimorbidity on the
one hand, and food allergy and intolerance on the other.

MATERIALS AND METHOD

The study enrolled 1,008 participants classified into the
following 3 age groups: 6-9 years, 10-14 years and 15-18
years, with 516 boys (51.2%) and 492 girls (48.8%). Inclusion
criteria comprised age between 6 - 18 years, and informed
consent obtained from a parent or guardian of the child to
participate in the study. The exclusion criteria comprised the
use of anti-allergic medication during the 7 days preceding
the study, upper or lower respiratory infection, poor general
health, severe systemic disease, and poor compliance on the
part of the legal guardian and/or the child.

The study had a multicentre design and was carried out
in selected health care facilities in 3 major Polish cities:

Warsaw (505 children), £.6dz (252 children) and Poznan (251
children). Participation was voluntary and sampling was
based on the availability of subjects (convenience sample).

The following definitions of multimorbidity and
polysensitisation were adopted for the purposes of the
study: allergic multimorbidity — concomitant presence of at
least 2 of the following 3 allergic diseases: bronchial asthma
(BA), allergic rhinitis (AR) and atopic dermatitis (AD).
Polysensitisation — sensitisation to at least 2 allergens or
groups of allergens (sensitisation to 2 allergens of the same
group is not considered polysensitisation) [29].

The study was conducted within the 2016 — 2020 National
Health Programme framework in the last quarter of 2017.
It was a cross-sectional study comprised of a questionnaire
(respondents’ declarations) and an outpatient examination
(diagnostic examination followed by a medical diagnosis).
For the questionnaire part, the children’s parent or legal
guardian answered 38 questions about manifestations
of allergic diseases (in particular BA, AR and AD). The
questions concerned a previous diagnosis of food allergy or
intolerance previously made by a medical professional, and
the occurrence of symptoms of food allergy and intolerance
(and their severity) following consumption of selected food
products, such as milk and milk products, eggs, peanuts,
hazelnuts and other nuts, fish, seafood, celery, fruit (including
citrus), soybean, poultry, pork, beef, wheat/gluten and
food additives. The signs and symptoms produced by food
consumption were divided into the following 2 groups:

o allergic symptoms (itching rash on a part of the body,
itching rash all over the body, shortness of breath and
fainting);

« other symptoms (diarrhoea, feeling generally ill).

For the second part of the study, the participants were
examined by a consulting allergist, which included a
spirometry test with bronchodilator challenge (Salbutamolum
400ug) and skin prick testing for 15 allergens: birch (108),
grass/cereals (15), mugwort (106), D.pteronyssinus (725),
hen’s egg (604), cow’s milk (601), dog (306), cat (309), D.
farinae (708), hazel (129), alder (115), rye (158), plantain
(Plantago) (169), Cladosporium herbarum (406), Alternaria
tenuis (400), histamine (902) and a control (901). Diagnoses
declared by the subjects were used for the analysis.

Statistical analysis was carried out using IBM SPSS ver. 24.
Statistical significance was tested with Pearson’s chi-squared
tests. The threshold for significance was assumed at p<0.05.

The Ethical Review Board at the Medical University of
Warsaw determined that the study was admissible and
compliant with the principles of scientific ethics (Decision
No. KB/160/2017).

RESULTS

In the study group, AR was present in 46.4% (52.1% of boys
vs 40.4% of girls; p<0.001), BA in 11.2% (13.0% of boys and
9.3% of girls: p=0.073) and AD in 6% (4.3% of boys and 7.7%
of girls; p<0.05).

Allergic multimorbidity (simultaneous presence of 2 or
more of the allergic diseases AR, BA and AD) was diagnosed
in 9.7% of the study group (11.2% of boys and 8.1% of girls;
p<0.01). A single allergic disease (of the 3) was diagnosed in
43.4% of the group (46.5% of boys and 40.0% of girls; p<0.01).
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Table 1. General characteristics of study group

percentage
Parameter Value 9%
6-9 years 36.9
Age 10-14 years 433
15-18 years 19.8
Girl 48.8
Gender
Boy 51.2
Lodz 25.0
Site (city) Poznan 249
Warsaw 50.1
No 53.6
AR diagnosed by doctor
Yes 46.4
Girl 40.4
AR diagnosed by doctor, breakdown by gender
Boy 52.1
No 88.8
BA diagnosed by doctor
Yes 11.2
Girl 9.3
BA diagnosed by doctor, breakdown by gender
Boy 13.0
No 94.0
AD diagnosed by doctor
Yes 6.0
Girl 7.7
AD diagnosed by doctor, breakdown by gender
Boy 43
No 90.3
Multimorbidity
Yes 9.7
Girl 8.1
Multimorbidity, breakdown by gender
Boy 11.2
Food allergy diagnosed by doctor (as reported by No 81.9
participant) Yes 18.1
Food intolerance diagnosed by doctor (as reported No 91.2
by participant) Yes 8.8

Food allergy or food intolerance was reported by a total
of 24.1% of the participants, with 18.1% declaring doctor-
diagnosed food allergy and 8.8% declaring food intolerance
(Table 1). There were no statistically significant differences
according to gender.

35%
29.6
30%
25%
195
20%
14.4
15% 14.3
9.1
10% 73
[] ]
0%
No BA, AR, AD BA, AR or AD Multimorbidity
Food allergy W Food intolerance

Figure 1. Prevalence of food allergy and food intolerance as reported by
participants:

a) without symptoms of AR, BA and AD (leftmost),

b) with a single diagnosed allergic disease (centre),

¢) with allergic multimorbidity (rightmost).

A diagnosis of food allergy and food intolerance was more
often reported by participants with doctor-diagnosed allergic
multimorbidity. Those subjects were nearly twice as likely
to have food allergy as those not diagnosed with any of the
three allergic diseases (Fig. 1).

Subjects with allergic multimorbidity declared symptoms
of food allergy or food intolerance more often than subjects
without BA, AR or AD, or those with a diagnosis of only
one of these diseases with regard to 12 out of the 14 groups
of food products analysed (Tab. 3). The opposite correlation
was noted only for soybean and wheat. Among those with
allergic multimorbidity, the highest percentages declared
food allergy to or intolerance of milk and milk products
(22.4%), fruit, including citrus (16.3%), hazelnuts and other
nuts (12.2%), peanuts (10.2%) and eggs (9.2%).

For comparison, among the subjects diagnosed with just
one allergic disease (AR, BA or AD), the percentages were
as follows: 14.6% (milk), 8.2% (citrus), 4.3% (hazelnuts),
3% (peanuts) and 3.2% (eggs). All these differences were
statistically significant (Tab. 3).

Table 2. Symptoms of food allergy and food intolerance following
consumption of specific food products (N=1008)

Causative food product Sympton’;/o?f allergy* Other Sy[;:]ptoms**
Milk and milk products 14.0 14.2
Eggs 29 2.7
Peanuts 33 23
Hazelnuts and other nuts 4.5 23
Fish 13 1.0
Seafood 0.7 0.9
Celery 1.2 0.7
Fruit, including citrus 8.6 2.8
Soybeans 1.0 1.0
Poultry 0.4 0.8
Pork, beef 0.7 0.9
Wheat/ gluten 24 37
Food additives 33 29
Other 6.7 4.3

*Symptoms of allergy (itching rash on a part of the body, itching rash all over the body, shortness
of breath, fainting).
**Other symptoms (diarrhoea, feeling generally ill)

Table 3. Food products producing symptoms of food allergy and food
intolerance by allergy status (no other diagnoses, diagnosed with one
of the three allergic diseases [AR, BA or AD], allergic multimorbidity)
(N=1008)

Food product producing Allergy status (%)

symptoms of food allergy  No allergic  Single allergic Multi-

and food intolerance diseases disease morbidity p
Mild and milk products 11.6 14.6 224 p<0.05
Eggs 13 32 9.2 p<0.001
Peanuts 2.1 3.0 10.2 p<0.001
Hazelnuts and other nuts 3.0 43 12.2 p<0.001
Fish 08 1.1 4.1 p<0.05
Seafood 0.2 0.7 3.1 p<0.05
Celery 0.4 1.6 3.1 p=0.052
Fruit, including citrus 74 8.2 16.3 p<0.05
Soybeans 0.2 1.8 1.0 p<0.05
Poultry 0.0 0.5 2.0 p<0.05
Pork, beef 0.4 0.7 2.0 p=0.214
Wheat/ gluten 2.7 2.3 1.0 p=0.585
Food additives 2.7 32 6.1 p=0.231
Other 6.3 59 1.2 p=0.155
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DISCUSSION

Key results. The results of this multicentre study demonstrate
that individuals with allergic multimorbidity (i.e. those
diagnosed with more than one allergic disease of AR, BA or
AD) suffer from food allergy or food intolerance more often
than individuals not diagnosed with allergic multimorbidity.

Ofall food productslisted in the questionnaire, symptoms
of food allergy or food intolerance were most often produced
by dairy products (milk and milk products) and fruit,
including citrus.

The study data reveal that allergic multimorbidity is
associated with a much higher prevalence of food sensitisation
compared with the presence of one of the 3 allergic diseases.
The reverse correlation was identified only for soybean- and
wheat/gluten-containing foods.

Limitations. A limitation of the study was the narrow
interpretation of allergic multimorbidity as the presence
of 2 or more of 3 allergic diseases (AR, AD, BA). The study
only accounted for the types of food most often causing food
allergy or food intolerance.

The study had a cross-sectional design, and all data
about food allergy and intolerance were as declared by the
participants. Amy S. Paller et al. elaborate particularly on the
design of food allergy studies, stating that a well-designed
study of food allergy should be based on testing or food
challenge tests rather than history-taking alone [31]. At
the same time, there is no consensus on testing for food
allergy.

Interpretation. The increasing prevalence of allergic diseases
worldwide is resulting in intensified efforts to identify the
underlying causes and background, as well as indicating
risk factors for these conditions. Research on correlations
between allergic multimorbidity and food allergy supplies
additional information in this respect [32, 33].

The findings of the current study indicate that there is
an association between food allergies and the presence of
at least one allergic disease of AR, BA and AD. Prifits et al.
found that children with diagnosed food allergy developed
asthma over the next several years [34]. Julie Wang et al.
also studied the association between food allergies and
asthma and demonstrated that the presence of food allergies
correlated with asthma severity [35]. Similar findings were
obtained in a study by Roberts et al. [36]. R. Jaramilo, in a
study of 8,203 participants, found that patients with doctor-
diagnosed asthma demonstrated allergic responses to food
more often than individuals without a diagnosis of asthma
(27.5% vs. 14.9%) [38], which also confirms the hypothesis
that asthma influences food allergies. Marcel M. Bergmann
states that a third of children with AD have a documented
food allergy. The author also believes that cow’s milk is the
most common allergen responsible for AD and FA symptoms
in children. His claims are also supported by the findings of
Dhar S. et al., as well as by the results of the current study
[39, 40]. Teresa Tsakok et al. confirmed a strong association
between AD and food allergy. In an analysis of 66 studies,
they found that in population-based studies, the risk of an
untoward response to a food was about 6-fold greater in
patients with AD than in healthy individuals. Studies of
patients diagnosed with AD reported food allergies in as
many as 81% of the subjects [41].

The presented study shows that the risk of allergy to or
intolerance of fruit, and in particular citrus, was higher in
individuals suffering from one or more allergic diseases.
These data confirm the findings of Mohammed W. Al-Rabia,
indicating alink between AR and food allergy or intolerance.
The author states that allergic rhinitis is a widespread
condition affecting up to 40% of the population, and some
patients experience an itching and burning sensation in the
throat associated with AR symptoms after eating fruit and
vegetables [42].

Rashid Al-Abri et al. confirm the co-presence of food
allergies and allergic rhinitis. A prospective cohort study
in Sweden found that 40% of infants with FA went on to
develop AR by the age of 8 years. It was also demonstrated
that AR may precede food allergy, with 47% of the children
developing food allergies within the first year of life, while
7.9% of children with AR developed food allergies by the
second year of life [43]. Syed M. Tariq et al. showed that
allergies to dairy products in children with concomitant
AD and respiratory symptoms were associated with severe
symptoms in later life [44]. This is compatible with the
current findings, indicating an association between allergic
multimorbidity and food allergy and intolerance.

The relationships between specific allergic diseases
discussed in this study were also analysed by N. Nicolaou
et al., who confirmed the co-occurrence of allergic diseases.
In addition, their results showed that there are pairs of allergic
diseases characteristic of urban or rural areas. It has been
noted, for example, that for urbanized areas the correlation
of atopy with asthma is characteristic, while in rural areas
atopy occurs more often with non-asthmatic wheezing [45].

CONCLUSIONS

Food allergy or food intolerance was more common in
subjects with allergic multimorbidity than in subjects
diagnosed with one allergic disease, or those free of allergic
diseases. The study also confirmed the role of milk and milk
products as the most common cause of FA symptoms.
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