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Abstract
Introduction and objectives: In order to investigate food allergy’s prevalence, risk factors and 
eating behavior of children with relevant anamnesis, a study was performed in Cypriot primary 
schools.
Patients: A specially composed questionnaire for self-reported adverse reactions to food, cre-
ated in the context of the EuroPrevall study, was distributed in 13 representative primary 
schools across the country. Participants were sub-grouped into three groups; healthy (H), 
those with unconfirmed food hypersensitivity reactions (FA−) and children with a confirmed 
diagnosis by a physician IgE-mediated food allergy (FA+). Food habits, family health history and 
lifestyle factors were assessed and groups’ outcomes were compared with each other.
Results: For the study, 202 questionnaires were completed and returned; 31 children (19 FA- 
and 12 FA+) reported an adverse food reaction. Significant risk factors for developing FA+ were 
being the first born or having siblings with asthma, attended a day nursery, but also maternal 
alcohol drinking during pregnancy, parental smoking and parental occupation in food process-
ing or use of latex gloves. The presence of children in the kitchen during cooking showed a 
protective role. Dietary habits of FA+ children were significantly diminished in terms of variety 
and frequency of consumption in comparison to the rest, in which had a greater overlap.
Conclusion: Further research is required for the interesting risk or protective factors revealing 
from the current investigation. The negative effect of food allergy in the dietary habits of food 
allergic children documented in the literature, is strongly supported herein.
© 2021 Codon Publications. Published by Codon Publications.
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included information regarding gestation, mode and con-
ditions of delivery, birth weight and height and mother’s 
age at delivery, short (≤4 months) breast-feeding duration, 
age of formula introduction, birth order trait in the family, 
use of antibiotics during the first 2 years of life, age of first 
attendance in a day nursery and room sharing with siblings.

The second group of questions focused on the history of 
food adverse reactions, including description of symptoms, 
time of onset, confirmed diagnosis by a physician confirma-
tion with relevant skin prick tests (SPT) and/or blood tests. 
Additional information regarding the eating habits were 
recorded depicting information regarding dietary variety, 
food frequency consumption, and food supplement use.

The third group of questions aimed to collect infor-
mation regarding the family history of food allergy and/
or atopy. Information regarding parental lifestyle recorded 
were smoking during pregnancy and breastfeeding, mater-
nal alcohol use during pregnancy, parental occupation 
related to food processing, use of latex gloves at work, and 
children’s presence in the kitchen during cooking.

Statistical analysis

All continuous variables were transformed to achieve nor-
mality.15 Shapiro–Wilk Test was used to determine the nor-
mality of data at 0.05 significant level. Student’s t-test was 
performed to examine the statistical significance of mean’s 
variation between genders. Analysis of variance (ANOVA) 
followed by a multiple comparison test (Tamhane post-hoc 
test) was assessed to examine the statistical significance 
of mean’s variation among study groups.16 Chi-squared test 
(χ2-test) was performed to associate categorical variables. 
Discriminant analysis was used to distinguish differences 
on food frequency consumption among study groups.16 The 
accuracy of the grouped cases classification was examined 
using cross-validation through the leave-one-out method. 
Significant relationships were defined as p < 0.05 and very 
significant as p < 0.001. The statistical data analysis was 
performed using SPSS 17.0.

Results

Participants’ characteristics

For the study, 202 fully completed (response rate 6.7%) 
questionnaires were finally included in the analysis. 
Approximately, equal number of boys and girls returned 
the questionnaires (Table 1). The age of children ranged 
from 5.5 to 12 years (8.7 ± 1.7 years), with no significant 

Introduction

Food allergy prevalence during the last decades increases 
in parallel to other atopic diseases, especially in industrial-
ized countries, reaching 6% in Europe, USA, and Canada.1–3 
However, estimates of food allergy prevalence vary widely 
among studies, likely due to genetic and epigenetic factors 
of the studied populations, maternal diet in pregnancy and 
breastfeeding, mode of delivery, infant feeding practices, 
different eating habits, and environmental factors such as 
climate, flora, exposure to sun, and air pollution.4–7

Study methodologies assessing food allergy prevalence 
are leading to high differences among studies.8 For exam-
ple, outcomes based on data recruited with self- or parent- 
reported questionnaires, contacted by mails, by interviews 
or on-line, might show high discrepancy with the ones 
based on medically confirmed diagnosis of food allergy.2,9

Food allergy is a common problem, especially in children. 
The best way to prevent food allergic exacerbation symp-
toms is to avoid the culprit food. Nevertheless, the concern 
of physicians, dietitians, and nutritionists is that extended 
avoidance of foods may lead to many complications, such 
as unbalanced diet, poor nutrition, failure to thrive, pro-
tein losing enteropathy, hypocalcemic seizures and rickets.10 
Additionally, quality of life is significantly affected, due to 
the food restrictions and the emotional impact on patients 
arising from anxiety and social limitations.11

Based on the high heterogeneity of food allergy among 
South and North European countries and the limited avail-
able data of food allergy in Cyprus, the current study aimed 
to detect the prevalence and risk factors of self-reported 
hypersensitivity reactions to food and food allergies, as 
well as to evaluate the impact of these reactions on their 
dietary habits.

Materials and Methods

Participants

A community-based survey was performed with the recruit-
ment of children from 13 representative primary schools 
from both urban and rural areas of Cyprus, with stratified 
random sampling. Information was collected through a spe-
cially composed questionnaire for self-reported adverse 
reactions to food, created in the context of the EuroPrevall 
study.12–14

3000 typed questionnaires were distributed in chil-
dren, after being translated with standardized translation 
procedures, including forward (from English to Greek) and 
backward translation (comparison and necessary editing) 
and pilot use of the questionnaires, and filled by parents or 
caregivers, together with a signed informed consent.14

The study was approved by the Cypriot Bioethics 
Committee, the Department of Education of Cyprus’ 
Ministry of Education.

Surveyed information

The questionnaire was a comprehensive tool, containing 
different groups of questions. The first group of questions 

Table 1  Distribution of children (number and percentage) 
that participated in the study, by age and gender.

Age (years) Boys Girls Total

5–7 27 (25.2%) 28 (29.5%) 55 (27.2%)
8–9 39 (36.49%) 35 (36.8%) 74 (36.6%)
10–12 41 (38.3%) 32 (33.7%) 73 (36.1%)
Total 107 (100%) 95 (100%) 202 (100%)
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quantity undefined) were significantly higher in the FA+ 
group. Similarly, parental smoking during the first 2 years 
of life was found significantly higher than in the other two 
groups.

Noteworthy, parental occupation related to food pro-
cessing was found to significantly increase the risk for 
the development of food allergy in our study population 
(Table 4). The use of latex gloves was similar in H and FA+ 
groups. Direct exposure of children to food processing 
during cooking was also examined as a putative sensitizing 
or protective factor. It was observed that mostly healthy 
and FA− children were more often or occasionally in the 
kitchen during cooking than FA+ children.

difference in the mean age among boys and girls (t-test, 
p > 0.05), and similar gender distribution among different 
age groups (χ2 

= 0.633, p > 0.05).
Further, 31 children (15.3%) reported at least one 

episode of “discomfort” or “disorder” caused by food 
consumption and these were considered as food hypersen-
sitivity reactions (FHR). The onset of an FHR was reported 
at a mean age of 3.3 years (SD = ±2.2, min = 2, max = 9). FHR 
were experienced 1.6 times more frequently in girls than 
in boys (19 vs 12). Among the children reporting an FHR, 12 
had a confirmed diagnosis of food allergy.

An a priori grouping was not only used to distinguish 
healthy children from the ones with anamnesis of FHR, but 
also self-reported from medically confirmed food allergy. 
Children were grouped as healthy, without food sensitiv-
ities (H, NH = 171, ΝH♂ = 95), those with unconfirmed FHR 
(FA−, NFA− = 19, Ν FA−♂ = 4), and those with confirmed diagnosis 
of food allergy (FA+, NFA+ = 12, Ν FA+♂ = 8), (Table 3).

In 30/31 children reporting FHR, symptoms 
occurred during the first hour after consumption (mean 
time = 20 min), while in 12 cases, they occurred 24 h later. 
Symptoms mainly involved skin (with rash and/or eczema) 
in 90% of the cases, the gastrointestinal tract (reporting 
diarrhea, vomiting, or abdominal pain) in 53% of the cases 
and upper airways in 20% of the cases

Among the 32 foods included in the used questionnaire 
(Table 2), 26 were implicated in a reported FHR. Cow’s 
milk was the most frequently offending food, followed 
(in decreasing order) by tomato, eggs, and sesame seeds 
(Table 2). On an average, 6.2 and 3.8 foods were reported 
to cause symptoms in FA+ and FA− groups, respectively. 
Differences of the culprit foods were noticed between girls 
and boys. Only girls implicated nuts as the cause of FHR 
and they also incriminated cow’s milk more frequently than 
boys. On the contrary, rice was exclusively implicated in 
food reaction by boys, who also reported sesame as a cul-
prit food more often than girls.

Personal or familial factors implicated to FHR

No significant variations were noticed for gestational 
duration (8.7 ± 1.7 months), birth weight (3137.5 ± 567.1 g), 
and birth height (50.2 ± 3.9 cm) between the three study 
groups and no effect of mother’s age at delivery was either 
noticed (ANOVA, p > 0.05) (Table 3). No statistically signif-
icant difference between groups was registered regarding 
shorter than 4 months breast-feeding, or for the use of 
antibiotics during the first 2 years of life (Table 4).

FA+ children attended a day nursery at a younger age 
(χ2 

= 7.165, p < 0.05) compared with other groups and were 
the first-born of the family, while most FA− were more often 
the second born. Despite that the comparison of famil-
ial anamnesis of allergy did not differ significantly among 
groups, anamnesis of food allergy as an independent 
parameter, was significantly higher in the FA+ group (33%) 
than in the H and FA− ones (13.2% and 15.7%, respectively). 
More than 50% of the FA+ children shared their room with 
siblings, whereas only 25–27% of children from other groups 
had to share their room.

Maternal smoking during pregnancy (average 15 cig-
arettes daily) and alcohol consumption (frequency/

Table 2  Foods reported: (a) to cause an adverse reaction 
and (b) to be avoided by the children.

Food Food allergic children

With an illness or 
a disorder caused 

after eating a 
food or foods 

(Ν = 31, Ν♂ = 12, 
NFΑ+ = 12)

Avoiding a food 
or several foods 
because they 

make them feel 
ill (Ν = 22, Ν♂ = 7, 

NFΑ+ = 8)

N ♂ (%) FA+ (%) N ♂ (%) FA+ (%)

Vegetables and legume
  Celery 1 100 0 1 100 0
  Tomato* 7 57 43 1 0 0
  Carrot 2 100 100 – – –
  Lentil 3 67 67 1 0 0
  Soya 4 50 100 4 50 100
  Chickpeas 2 50 0 2 50 0
Seeds
  Sesame seeds 6 67 83 5 60 100
  Sunflowers seeds 2 100 100 – – –
  Mustard 3 33 100 1 100 100
  Poppy seeds 4 50 100 4 50 100
  Pine seeds 1 0 0 1 0 0
Fruits & berries
  Apples 1 0 0 1 0 0
  Bananas* 4 50 25 2 50 50
  Kiwifruit 1 0 0 1 0 0
  Peach 1 100 100 – – –
  Strawberry* 1 100 0 1 100 0
Cow’s milk* 9 33 33 6 33 33
Nuts
  Hazelnut* 1 0 100 1 0 100
  Peanut 1 0 100 1 0 100
  Walnut 1 0 100 1 0 100
Cereal
  Wheat* 5 60 100 1 100 100
  Rice 2 100 100 – – –
  Buckweat 2 0 100 – – –
Chocolate 2 50 50 2 50 50
Egg 6 33 67 4 0 50
Fish 5 40 20 4 25 25
Total responses 77 45

*Foods causing the most serious reactions.
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Frequency of food consumption and food habits

Based on the answers of the food frequency questions, a 
heatmap was prepared to visualize children’s food choices 
(Figure 1). Foods were distributed in a scale reflecting the 
increasing frequency of food consumption (A to C) among 
children (Figure 1). Subgroup A included foods rarely or 
never consumed by the majority of children, subgroup 
B included foods with a moderate consumption (≤once 
weekly), while subgroup C included foods with the highest 
consumption (more than once a week or daily).

Cow’s milk was an abundant food (>70%) in all chil-
dren’s diet. Semi-fat milk was usually consumed by the 
healthy and FA− (67% and 50%, respectively), whereas the 
FA+ usually consumed full fat or semi-fat milk (42% each 
type). A minority of children had used vitamin D supple-
ment (H = 18.7% FA+ 

= 8.3%, FA− 
= 5.3%).

Figure 1  Heatmap of the frequency of food consumption 
among Healthy (H; N = 151) and children with a food adverse 
reaction without (FA−; N = 17) or with (FA+; N = 10) a food 
allergy diagnosis. For each food the predominant (>70%), or 
the first two dominant (in total >60%) frequency categories 
in ordinal scale (Never to Daily) are given. With bold are 
indicated foods not implicated in adverse reactions.

Table 4  Risk factors of food adverse reactions in children.

Risk factor H (%) N = 151 FA− (%) N = 19 FA+ (%) N = 12

Short duration of breast-feeding (≤4 mon.) 67 (39.2) 6 (31.6) 6 (50)
Antibiotics in the first 2 years of life – NAI 90 (52.6) 8 (42.1) 7 (58.3)
Mother smoking and/or drank alcohol during pregnancya 18 (10.5) 0 5 (41.7)**
Day nursery 41 (24.0) 5 (26.3) 7 (58.3)*
Children shared their room with siblings 44 (25.7) 5 (26.3) 7 (58.3)
Family anamnesis of atopy (allergic eczema, allergic 

rhinitis/rhinoconjunctivitis, asthma)
81 (47.4) 9 (47.5) 5 (41.7)

Family anamnesis of atopy + food allergy 81 (47.4) 10 (52.6) 8 (66.7)
Any family smoking during first 2 years of life 34 (15.9) 5 (26.3) 6 (50)*
Any parent with food allergy 20 (13.2) 3 (15.7) 4 (33)*
Any parent work related to food processing 25 (14.6) 5 (26.3) 6 (50.0)*
Any parent using latex gloves at work 51 (29.8) 5 (26.3) 6 (50.0)

χ
2 test: *p < 0.05, **p < 0.001.

a
χ

2 test perform between healthy and FA+ groups.

Table 3  Age of mother and child during delivery, child’s 
height and weight at birth (N = number of relative provided 
data).

N Mean SD Min Max

Mother’s age 
during 
pregnancy 
(years)

H 141 29.2 5.1 18 42
FA− 17 28.1 4.6 20 35
FA+ 12 28.4 5.7 20 35
Total 170 29.0 5.1 18 42

Duration of 
gestation 
(months)

H 171 8.6 1.7 5.5 11.9
FA− 19 8.7 1.6 6.4 12.1
FA+ 12 9.2 1.8 6.0 11.8
Total 202 8.7 1.7 5.5 12.1

Height at 
birth (cm)

H 113 50.4 3.9 30 67
FA− 14 48.9 4.4 38 53
FA+ 4 49.5 1.3 48 51
Total 131 50.2 3.9 30 67

Weight at 
birth 
(grams)

H 132 3135.6 591.3 1000 4450
FA− 15 3123.0 410.8 2150 3650
FA+ 9 3190.0 456.0 2650 3850
Total 156 3137.5 567.1 1000 4450
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However, using the cross-validation through the leave-one-
out method, the classification efficiency of each group 
showed higher error rate. The classification function had 
lower but decent success classifying cases in groups FA+ 
(70%) and H (72%) whereas in FA− group, the results were 
highly undistinguishable (41%).

Discussion

In the current study, the rate of reported FHR in Cypriot 
elementary pupils was 15.3%, while 5.9% of the enrolled 
children had anamnesis of confirmed food allergy. Our find-
ings are in line with previous reports in Southern Europe 
(8.6%) and slightly lower than in Italy (10.5%), that is also in 
the Mediterranean area.17,18 Our data are in accordance with 
the notion that the life-time prevalence of self-reported 
food allergy is extremely lower in Southern Europe than 
in Western (23.8%), Northern (30.3%), and Eastern Europe 
(41.6%).17

An interesting remark is that 81.25% of the foods 
included in the questionnaire were implicated in reported 
FHR, with cow’s milk, wheat, strawberry, banana, and 
tomato causing the most severe reactions. Although food 
allergy was not confirmed in all cases of FHR, in 97% of 
them symptoms occurred during the first hour after food 
consumption and persisted for approximately 1 h, increas-
ing the possibility that an IgE-mediated food allergic reac-
tion had occurred.

Our findings confirm results from a former study regard-
ing differences between healthy and food allergic pupils of 
Cypriot primary schools; using two 24-h recalls, a lower 
energy intake and an overall lower nutrient consumption 
were shown in children with self-reported food allergy.14 
They reported unhealthier food choices than their peers, 
while their diet was monotonous, avoiding the combination 
of foods from different groups and they reported low con-
sumption of milk, dairy products, fiber, vegetable oils, and 
whole-wheat bread.14

In food allergic children, elimination diets are sug-
gested for a limited period, in order to outgrow allergy. 
Food avoidance is reported to affect eating habits, leading 
to food neophobia and pickiness.19 Additionally, parental 
and social influence have significant impact in developing 
food neophobia.20,21 As expected, in our study, children 
with confirmed diagnosis of food allergy were shown to be 
more “picky eaters” than healthy children.

Interestingly, a high differentiation of dietary behavior 
was noticed among FA+ and FA− children, while eating hab-
its of FA− and healthy children were highly overlapping. A 
possible hypothesis explaining this observation is that chil-
dren of the FA+ group were strictly avoiding one or more 
foods, after the food allergy diagnosis by a physician and 
this had impacted the variety of their diet.

Heredity is considered as one of the main risk factors 
for the development of food allergy and other allergic 
diseases.4,22,23 Parent’s anamnesis of food allergy was con-
firmed as a risk factor in our study population, whereas 
anamnesis of other atopic diseases appeared irrelevant. 
On the other hand, breast-feeding duration was similar in 
the three groups so a potential protective effect for food 
allergy was not determined herein. Although breast-feeding 

A discriminant analysis was performed to determine the 
children’s dietary choices among the three study groups. 
The analysis indicates that differences among groups can 
be found along two canonical linear discriminant functions 
(Axis I and II). Figure 2 shows the spatial positions of the 
three study groups with respect to the two Axes arising 
from the analysis, as well as the contribution of the con-
sumption frequency of each food (discriminating variables) 
to the formation of the Axis. Best differential variables 
occupy positions furthest from the center of the ordina-
tion field (e.g. banana, shrimp and lobster, shellfish) while 
non-differential variables mainly occupy positions near the 
origin and are not indicative of any particular distinguishing 
characteristic (e.g. orange, wheat).

Discriminating variables which are in close proximity 
indicate significant positive correlations between the vari-
ables (e.g. apple, walnut), while those diagonally oppo-
site indicate significant negative correlations (e.g. walnut, 
hazelnut).

Axis I which accounts for 68% of the discriminating 
ability of the variables, differentiates FA+ group from the 
other two groups. The major differences were that FA+ chil-
dren are characterized by a relative higher consumption of 
foods such as shrimp and lobster, walnut, and apple and a 
relative lower consumption of foods such as banana, hazel-
nut, rice, kiwifruits, peaches, and eggs.

FA− children appear to have similar food choices with H 
children, as indicated by the significant overlap. FA− group 
differentiated from H group along Axis II, which accounts 
for 32% of the discriminating ability of the variables. The 
major differences between the FA− group and the H group 
were that FA− group is characterized by a relative higher 
consumption of foods such as shellfish, egg, melon, sun-
flower seeds, and relatively lower consumption of foods 
such as celery, peanut, and fish.

Discriminant analysis showed adequate sensitivity 
and specificity: 80% of the children of FA+ group, 77% of 
FA− group, and 83% of H group were correctly identified. 

Figure 2  Ordination of the discriminant analysis for the three 
children’s groups, based on the frequency of the consumption 
of each food. The foods are not represented by arrows for 
readability of the diagram.
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reduces the risk for diseases of the gastrointestinal tract, 
infections, atopic dermatitis, diabetes, and leukemia, its 
prophylactic value to food allergy remains to be proved.18,24

Nonetheless, parental lifestyle appeared to significantly 
impact the development of FHR. Smoking and alcohol 
drinking during pregnancy were clearly identified as risk 
factors. Exposure of children to parental smoking has been 
previously connected with allergic sensitization to airborne 
allergens, while there is still lack of clear significant evi-
dence in the development of food allergy.25 We have iden-
tified the effect of maternal smoking during pregnancy or 
during infancy as a significant risk factor for FA+ children, 
but the medical literature still debates on this, with some 
references mentioning it even as a protective factor.26 
Furthermore, alcohol consumption by pregnant mothers 
appeared significant, but the possible etiologic connec-
tion is unknown, and these outcomes should be further 
assessed in the future.

Furthermore, a parent being occupied in a profession 
related to the food development, production, processing 
or distribution, as well as the use of latex gloves at work, 
were significantly correlated to the development of food 
allergy in their offspring. Of course, obvious immunologi-
cal connection cannot be decided, but more research could 
reveal the mechanisms related to this outcome.

Moreover, a trend for a protective effect in children 
who visited the kitchen area during cooking was accounted, 
without a statistical significance though. Again, this could 
be a valuable knowledge for further investigation.

The hygiene hypothesis has described the increased 
susceptibility to atopy due to limited early childhood expo-
sure to infectious agents, with a diverged immune system 
development. However, data regarding the relation of the 
hygiene hypothesis with food allergy are contradictory.27 
Our finding that most FA+ children were family’s first born 
might support the hygiene hypothesis, since first-born 
infants are not exposed to germ contagions by siblings. On 
the contrary, the fact that most of our FA+ children had fol-
lowed day nursery, were sharing room with their siblings, 
or used antibiotics with the same frequency as healthy 
children, are opposing to a connection of food allergy to 
the hygiene hypothesis.28

A major drawback of our study was the low response 
rate (6.7%), resulting in a low number of participants with 
confirmed food allergy. However, this could be a result of 
the low rates of or the limited knowledge of food allergy in 
Cyprus. As shown elsewhere not being familiar with a dis-
ease limits one’s interest in providing information or par-
ticipating in studies related to the disease.29

Our study for the first time provides important informa-
tion about the profile of food allergic children in Cyprus and 
significant correlations with risk factors that can become 
the springboard for further studies related to food allergy 
and food sensitization.
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