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Abstract

Introduction

The study evaluates the impact of biopsychosocial factors involved in food allergy (FA) on
the prevalence of eating disorders (ED). For the 5-year follow-up studies, 75 participants
(aged 1-14 years) with early-onset FA and 81 healthy peers were included.

Method

Participants were diagnosed with FA using antibody/cytokine content immunoassay tests.
Medical history, including BMI z-scores, was completed using data obtained in response to
a validated allergic questionnaire that incorporated the SCOFF and EAT-8 screening ques-
tionnaires for ED. FA was confirmed if total IgE was elevated, specific sIgE to food allergens
exceeded 0.7 kUA/L and if manifestations were observed. Screening for ED was considered
positive if two or more SCOFF and EAT-8 items were confirmed.

Results

In the FA* group, 50% of female participants and 6.7% of their healthy female peers
reported ED. An ED™ result was more frequent in FA* individuals than in their healthy peers
(p=0.046) although the association is weak. In the FA*/ED* group, 25.3% of the partici-
pants were underweight, and 14.7% were overweight compared to their peers where this
reached respectively 4.2% and 2.8% (p<0.005). 74% of the FA*/ED" individuals reported
elimination diet implementation and only 15% declared it was medically consulted. The prev-
alence of ED in the FA* male group was consistently correlated with lack of confidence in
FAissues (r=0.5424) and in the FA" female group with applied medical procedures (r =
0.7069; p<0.005).

Conclusion

These findings suggest that participants with FA especially struggling with lack of confi-
dence in FA issues and those following an uncontrolled, restrictive elimination diet are more
prone to food aversion and ED than their healthy peers. Applied procedures are necessary,
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and their neglect is associated with FA deterioration; however, the possibility of ED and
biopsychosocial implications development should not be underestimated.

Introduction

According to the World Health Organization (WHO), a constant growth of morbidity in aller-
gic diseases among the populations of children has been observed. Currently, allergies are the
third most frequently diagnosed chronic disease in the European population [1]. Food allergy
(FA) due to the similarity of its symptoms with the food intolerance, a non-allergic detrimental
reaction, is often mistaken by society and patients. Symptoms observed in both type of dis-
eases, especially in infancy or early childhood, include feeding disorders (FD) clinically mani-
fested by recurrent vomiting, spitting, burping, colic and diarrhoea. This may result in an
aversion to food intake, weight faltering and nutrient deficiencies [2]. Moreover, FD can also
result in consolidation of improper dietary habits and further eating disorders (ED) such as
anorexia nervosa, bulimia nervosa, orthorexia nervosa or overeating, leading to overweight and
obesity [3]. The aetiology of both FA and ED is multifactorial. Several biosociodemographic
factors and a patient’s individual predispositions contribute to their development [4].

The most popular protocol applied for the treatment of food allergy and intolerance is elim-
ination diet (ELD). It aim at reducing the risk of antigen intake. Such an approach deteriorate
the quality of life of patients and their families. Moreover, it was stated that the proportion of
children in developed populations, such as Japanese or Polish, who unnecessarily and unsuc-
cessfully eliminate food, may reach almost 50% [5, 6]. Strict adherence to an ELD and potential
undesirable consequences of diet derogation may cause severe adverse reactions to food and
psychological burden. Some reports suggest that this protocol may lead to development of
compulsive behaviours [7-9]. An additional problem is the incorrectly composed ELD without
counselling by a dietician or doctor. It may result in a nutritional deficiency, malnutrition and
metabolic disorders. It is particularly dangerous during the period of intensive development of
children. The deficiency of such components as calcium, vitamin D, vitamin B complex and
DHA can aggravate the psychological condition of patients and, in extreme cases, can trigger
development of depression [10].

Anti-allergy steroid and antihistamine drugs may also have a significant impact on FD and
ED development in allergic diseases. These drugs are commonly used to minimize allergic
manifestation [11]. There are reports of body weight side effects of anti-allergic drugs (AD)
that block histamine H1-H4 receptors to relieve allergy symptoms [12,13]. It should be empha-
sized that histamine-an inflammatory and allergic mediator-may also be consumed through
diet [14, 15] and is physiologically released in the brain, where it is responsible for appetite reg-
ulation and taste perception, among other functions. The cumulation of histamine exacerbate
of allergic and intolerance symptoms and hence may increase the intake of AD which are
over-the-counter drugs and their use is out of medical control. Comorbidity of related central
nervous system side effects is also observed in steroid therapy, potentially resulting in a hun-
ger/satiety state imbalance, swelling and weight gain [16]. Puberty period of children especially
coincides with increased endocrine disruption, which promotes an exacerbation of allergic dis-
eases. Application of one or both therapies is indisputable in some cases; however, their biop-
sychosocial implications, including ED, are being observed in younger and younger patients
[17]. Currently, dietary restraint has been reported by 35% of 5-year-old girls [18] and its coin-
cidence with FA, diagnosed in 1-17% of preschool children, is probable. What is important in
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the course of both this diseases, the most common biophysiological abnormality in childhood
is an imbalance of regulatory activity of the immune system [19, 20].

Several studies have analysed the prevalence of ED among patients with diet-related dis-
eases, it has not been widely discussed in the context of FA yet, and most of the research is
based on surveys and self-reported manifestation. The aim of this study was to compare the
prevalence of symptoms of ED in underage patients with immunologically confirmed, long-
duration FA and in healthy peers, as well as to assess which of the additional sociodemo-
graphic, environmental and biological variables can have an influence on this phenomenon.

Method
Participants

The underage participants of the study originated from the group of patients and the control
group recruited for the national project entitled “Influence of fermented cow’s milk products
displaying reduced antigenicity on the immunological response of Warmia and Mazury
region’s patients with food allergy with consideration of genetic aspects” [No N312 311939],
undertaken in the north-eastern region of Poland. Cross-sectional analyses accounted for the
repeated measures obtained from involved individuals (N = 180) during onset at the age of
0-14 years and follow-up after 5 years (N = 156; response rate: 87%). All participants (mean
inclusion age 5.9, SD 3.7 years; 55.6% female) were enrolled by collaborating allergologists
between the years 2010 and 2014. During the recruitment phase of the study, an allergic group
of people (N = 90) and an equitable group of healthy participants were recruited. FA* group
was characterized by positive results of immunological serum parameters (total IgE > age
norm and specific IgE >0.7 KUA/L) and presence of typical allergic manifestation. The control
group, recruited from preschool children, was characterized by negative results of immunolog-
ical serum parameters (total IgE < age norm and specific IgE <0.7 kUA/L) and no allergic
manifestation. Detailed inclusion-exclusion criteria and assessments for the participants in
this study were specified in S1 Table in Supporting Information. Also the more comprehen-
sive characteristics of the studied underage population is provided in S2 Table in Supporting
Information. All procedures have been approved by the local ethical committee (Case No. 2/
2010) and followed in accordance with the standards of the Helsinki Declaration. Written
informed consent was obtained from all parents or statutory guardians of participants.

Immunological analyses

The total immunoglobulin E levels of the patients were measured using InmunoCAP (Phadia
AB, Uppsala, Sweden) during the recruitment period (IgE-r), whereas the ECLIA method
using Elecsys (Roche Diagnostics, Poland) was used during the 5-year follow-up phase (IgE-f).
Blood parameters (absolute number of lymphocytes in the blood and albumin content) were
determined using a Cobas analyser equipped with Cobas MIRA Plus (Roche Diagnostics). Fol-
low-up measurements and blood parameter determination were carried out by the following
authorized laboratories: Prof. Dr. Stanistaw Popowski Regional Specialized Children’s Hospital
in Olsztyn and The Nicolaus Copernicus Municipal Polyclinical Hospital in Olsztyn. Food spe-
cific serum immunoglobulins E (sIgE) were determined using the EUROLINE Paediatric pro-
file for allergy diagnosis (EUROIMMUN AG, Liibeck, Germany). Food allergy was confirmed
if concentration of IgE specific to food allergens exceeded 0.7 KUA/L. Positive serum tests
were confirmed by percutaneous skin tests (Allergopharma-Nexter, Germany) in cooperating
medical units. Total immunoglobulin G level and serum IL-2, IL-4 and INF-y cytokine content
were determined using the enzyme linked immunosorbent assay (ELISA) method with
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commercially available kits (BD Bioscience, USA). Sensitivity of the assays was 7.8-500 pg/mL
for IL-2 and IL-4, 4.7-300 pg/mL for INF-y and 0.021-15 ng/mL for IgG.

Assessments

Data collected for all patients included age, gender, weight and height, and BMI z-scores stan-
dardized and calculated for age and gender [21, 22, 23]. Based on BMI z-score body weight sta-
tus classification was described in S1 Table in Supporting Information. Medical history
complemented with demographics data were submitted by parents/ caregivers and/or by the
patients themselves, both in cooperation with the allergologist. The standardized questionnaire
for the allergic study corresponded to the validated EuroPrevall study questionnaire was sup-
plemented with additional questions about dietary habits, body image attitude, parental and
children allergy problems, and FA issue confidence. To assess the frequency of eating disorders
(ED"), the SCOFF [24], and later, the reference EAT-8 [25] questionnaires, were used. In the
analysed population, EAT-8 scores were significantly correlated with SCOFF scores (r = 0.83;
p<0.001). The description of both used tests is specified in S1 Text in Supporting Information.
Questions were focused on the core symptoms of anorexia nervosa and bulimia nervosa as well
as body image and dieting behaviour [26]. SCOFF questions remained a highly effective
screening instrument for detection of ED comorbidity with different diseases [27].

Statistics

Absolute frequencies and percentages for qualitative variables and means with standard devia-
tion (SD) for quantitative variables were calculated. For quantitative data with outliers and
skewed distribution, the central tendency was presented as the median with (1°-3™) interquar-
tile range (IQR). Comparisons of nominal variables among groups of subjects were made
using the Fisher exact test and the y’-test; post hoc comparison of percentages was made using
Bonferroni’s (Pg) corrected significance threshold of 0.008. Comparison of quantitative vari-
ables among more than two different groups was made using the parametric analysis of vari-
ance (ANOVA) for normally distributed data and the Tukey test as a parametric post hoc test
or the non-parametric Kruskal-Wallis test in case of absence of homoscedasticity. A T-test or
non-parametric Mann-Whitney U-test for the comparison of male vs. female was used. For
the prospective analyses of variables between groups, the Friedman test and T> Tamhane’s test
or the Cochran test were used, respectively, for the quantitative and qualitative variables. The
prevalence of ED (SCOFF* and EAT-8" results) was presented as percentages with 95% confi-
dence intervals (Cls). To analyse the association of disordered eating (FA/ED™), allergy to
food (FA*/ED") or combined factors (FA"/ED™) with additional analysed covariates, the
groups were compared with children without respective symptoms (FA/ED"). Correlation
between quantitative variables was evaluated using the Pearson’s correlation coefficient (r) and
that between nominal variables was evaluated using the Spearman’s rank correlation coeffi-
cient. Factors significantly related to ED* were used in multivariate logistic regression analysis,
which was applied to assess the role of different independent explanatory variables in occur-
rence of ED symptoms in allergic groups. Odd ratios (ORs) with 95% CIs were calculated
using a backward procedure with the K-fold cross validation method. For the statistical signifi-
cance evaluation of the model, the Wald likelihood ratio test (LR test) was used. Adjustments
were made to gender, W/A z-score category and the two groups of characteristics selected as
dominant in principal component analysis. Explanatory variables in the first model (Adj.1)
were new-born feeding type, parent-reported food allergy, and residence, whereas in the sec-
ond model (Adj.2), the variables were used allergy diagnostic method, dominant allergy symp-
toms, and therapy implementation. All tests were two sided, and a P value less than 0.05 or an
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OR with 95% CI not overlapping the 1.00 value was considered statistically significant. Data
analysis was performed using the statistical package STATISTICA 12 software (StatSoft, Cra-
cow, Poland) equipped with Medical Tests Panel for multivariate analyses.

Results

Characteristics of participants’ groups and prevalence of ED in context of
allergy

Age-sex structure associations. Of the 90 allergic patients enrolled in this study, 10% suf-
fered from allergy to a single food-origin allergen (FA™S), 29% suffered from polyallergy to
various food allergens (FA*P), and 61% suffered from mixed polyallergy to aero- and food
allergens (FA™M) (Table 1). The allergy profile in the FA* group was significantly altered in
the 5-year period. In the follow-up group of participants, 5% suffered from FA™S, 47% suffered
from FA'P, and 48% suffered from FA*M. The age-sex structure of allergic and control popu-
lation did not differ significantly in the recruitment phase or in the follow-up phase of the
observation study although some of the participants had to be excluded (S2 Table). Neverthe-
less, a tendency (p = 0.173) towards more frequent eating disturbance in females than in males
was initially observed only in allergic group, whereas in the follow-up phase, this phenomenon
was statistically significant (p = 0.007) (Table 2). A significantly higher susceptibility of FA
participants for ED development in the youngest [<6 years old] (p = 0.0041) and in the oldest
group [15-18 years old] (p = 0.0027) was observed compared to that of participants in the con-
trol group.

Birth method and feeding type associations. The monitored population was homoge-
neous in terms of birth method. No differences were observed in the ED" frequency according
to the birth method. Significant differences were noted in the declared new-born feeding type
(52 Table) and its relationship with the health status and tendency towards eating abnormali-
ties in both phases of the study (p<0.008), with a strong correlation of the features (r = 0.5983,
p = 0.005). Exclusive breastfeeding was significantly more frequent in the control group than
in each allergic group, and eating abnormalities were reported in less than 10% of these partici-
pants (Table 2). In the FA'S and FA'P groups, mixed feeding co-occurred with a nearly 50%
lower prevalence of ED and eating habits.

The place of residence, family history of allergy and its manifestation associations.

The place of residence had no significant effect on the ED occurrence. Simultaneously, the ini-
tial moderate correlation (r = 0.498, p = 0.005) between living in the city and the tendency to
eating abnormalities ceased to be no longer significant (S2 Table).

A weak but significant increase (p = 0.024) in the number of people with positive family his-
tory of allergy in the allergic groups, with no implication on ED prevalence, was observed dur-
ing the 5-year follow-up. Changes in the observed dominant symptoms with an increased
severity of respiratory symptoms (p = 0.011) and skin/mucosal manifestations (p = 0.029),
especially in the group of patients suffering from FA'P, were observed during follow-up stud-
ies. The type of manifestation was invariably moderately correlated with the tendency towards
eating abnormalities (r = 0.5012; p = 0.005).

Applied medical procedures associations. The evaluation of applied medical procedures
in allergic groups demonstrated that the dominant diagnostic method in the recruitment
phase of the study was medical observation and skin prick tests, which were indicated with
equal frequency in the FA"P and FA™M groups. A significant increase (p = 0.002) in the pro-
portion of serum tests as a diagnostic method was observed in the follow-up phase (Table 1).
Regardless of the used diagnostic method and the diagnosed type of allergy, the predominant
treatment approach was the implementation of an ELD that was followed by 65% and 74% of
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Table 1. Demographic and descriptive parameters of subjects during the recruitment and the 5-year follow-up phases of the study, according to health status
categories.

« Groups by health status Recruitment phase of the study 5 year follow up studies P-value ¢

categories FA Type of food allergy (FA*) | P-value®| Control Group Type of food allergy (FA*) | P-value*

« Subgroupscategorized according " " N (FA-) + + +

to: FA'S FA'P FA™ FA'S FA'P FA™

n=903)| n=9 n=26 | n=55 n=81 n=6 n=35 n=34
Age - mean [SD] 5.5[3.4] 5.2 6.5[3.9] | 6.4[3.9] | 0.869 b 11.1 [3.9] 11.3 12.7 10.2 0.883° 0.370¢
[2.3] [2.0] [4.2] [3.6]
Gender: female - n (%) 50 (55.6) | 5(55.6) | 14 36 0.642 45 (55.6) 4(66.6) | 17 (48.6) | 16 (47.2) | 0.629 0.089
(53.8) (65.5)
Birth method: natural - n (%) 63 (70) | 7(77.8) | 19(73) 43 0.738 57 (70.4) 4(66.6) |27 (77.1) | 24 (70.6) 0.902 0.160
(78.2)

New-born feeding type — n (%) 36 (40.0) | 2(22.2) | 7(27.0) 16 0.008 31(38.3) 1(16.6) | 6(17.1) | 8(23.5) 0.005 0.012 |

Exclusive breastfeeding (29.1)
Infant formulas 16(17.8) | 5(55.6) | 14 20 15 (18.5) 4(66.6) | 19 (54.3) | 15 (44.1) 0.321
(53.8) (36.4)
Mixed breastfeeding & formulas 38 (42.2) | 2(22.2) | 5(19.2) 19 35(43.2) 1(16.6) | 10(28.6) | 11 (32.4) 0.048 |
(34.5)

Residence - n (%) 63 (70.0) | 9(100) 22 42 0.133 48 (59.3) 4(66.6) | 19 (54.3) | 29 (85.3) 0.041 <0.001
City (84.6) | (76.4) i
Village 27 (30.0) | 0(0.0) | 4(16.4) 13 33 (40.7) 2(33.4) | 16 (45.7) | 5(14.7) 0.013 7

(23.6)

Positive family history 25(27.8) | 5(55.6) 20 12 <0.001 20 (24.7) 4(66.6) | 17 (48.6) | 12 (35.3) 0.023 0.024 7

of atopy - n (%) (76.9) (18.8)

Dominating symptoms — n (%) 0(0.0) 6 (66.7) 21 21 0.014 0(0.0) 6 (100.0) | 15(42.9) | 18 (52.9) 0.790 0.012 |
Gastrointestinal manifestation (80.8) (38.2)

Respiratory manifestation 0(0.0) |2(22.2)| 1(3.8) 10 0 (0.0) 0(0.0) | 9(25.7) | 9(26.5) 0.013 7
(18.2)

Skin/mucosal manifestation 0(0.0) |1(11.1) | 4(15.4) 24 0(0.0) 0(0.0) |11(31.4) | 7(20.6) <0.001
(43.6) 1

Diagnostic methods - n (%) 0(0.0) 7(77.8) 10 25 0.321 0(0.0) 4(66.6) | 10 (28.6) | 18 (52.9) 0.118 0.011 |
Skin Prick Tests (38.5) (45.5)

Serum tests 0(0.0) |1(1L1) | 4(15.4) | 4(7.3) 0 (0.0) 1(16.6) | 19 (54.3) | 15 (44.1) 0.002 |
Oral challenge 00000 1LY | 2(7.7) | 2(3.6) 0(0.0) 1(16.6) | 6(17.1) | 1(2.9) 0.960

Therapy - n (%) 1(1.1) 8(88.9) 17 26 <0.001 4(4.9) 6 (100.0) | 29 (82.9) | 13(38.2) | 0.007 0.045 |
ELD (65.4) (40.6)

Antihistamine drugs 0(0.0) | 6(66.7)| 6(23.1) | 29 | <0.001) 0 (0.0) 4(66.6) | 19 (54.3) | 22 (64.7) | 0.007 | 0.045 |
(45.3)

Steroids 0(0.0) 1(11.1) | 3(11.5) 18 <0.001 0(0.0) 1(16.6) | 9(25.7) | 13(38.2) | <0.001 0.159
(28.1)

Desensitization 0(0.0) 0(0.0) | 0(0.0) | 9(14.1) 0.004 0(0.0) 0(0.0) 5(14.3) | 7(20.6) 0.005 0.083

Additional dieting — n (%) 15(16.7) | 1(9.0) | 4(15.4) 14 0.493 15 (18.5) 3(50.0) | 17 (48.6) | 15(44.1) | 0.001 0.045 |

(25.5)

Body weight status ‘-~ n (%) 13 (14.4) | 3(33.3) | 8(30.8) 19 <0.001 9 (11.1) 3(50.0) | 16(45.7) | 13(38.2) | <0.001 0.181

Underweight (34.6)
Normal 71(78.9) | 5(55.6) 13 23 64 (79.0) 3(50.0) | 8(22.9) |17 (50.0) 0.016 |
(50.0) (41.8)
Overweight 6(6.7) 1(11.1) | 5(19.2) 13 8(9.9) 0(0.0) |11(31.4) 4(11.8) 0.080
(23.6)

FA —control group, FA"S-allergy to single food-origin allergen, FA"P—polyallergy to various food-origin allergens, FA"M-mixed polyallergy to aero- and food-origin
allergens. ELD-elimination diet. Data are presented as the means [SD] or percentages. Significant associations are marked in bold. Arrows: T- significant increase, |-
significant decrease.

* p value of the Fisher’s exact test for comparison between groups with Bonferroni’s (Pg) corrected significance threshold of 0.008.

® p value of the Kruskal-Wallis test for quantitative data for comparison between groups.

© p value of the Q Cochran test for dependent groups in follow-up studies for qualitative data.

4 p value of the Friedman test for dependent groups in follow-up studies for quantitative data.

¢ Classified according to the WHO classification [21, 22].

https://doi.org/10.1371/journal.pone.0198607.t001
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Table 2. Prevalence of disordered eating ED* (stated if both SCOFF and EAT-8 were positive) in groups categorized by age, gender, new-born feeding type, weight
status, type of allergy syndromes, diagnostic method and implemented therapy.

Health status: FA- Type of food allergy (FA*)
Subgroups categorized FA'S FA'P FA'M P-value *
according to:
Gender 5.0 (0.2 7.9) 10.5 (3.4 16.6) 13.8 (6.2;21.3) 17.5 (13.6; 21.4) 0.007
Female
Male 7.9 (1.8; 14.0) 13.2 (8.3;17.9) 18.4 (9.6;27.2) 14.5 (6.5 22.5)
Age: 6.3 (0.7;14.3) 12.5 (5.9; 20.9) 18.8 (5.2 32.2) 25.0 (6.5; 43.5) 0.012
<6
7-14 6.2 (0.9 11.5) 3.7 (0.4, 7.8) 9.9 (3.4 16.4) 16.0 (8.2; 24.1)
>15 8.5 (1.3;15.7) 0.0 (0.0;0.0) 17.0 (7.4 26.7) 23.6 (4.8;42.4)
New-born feeding type 5.8 (0.7 12.7) 22(0.2;5.3) 10.1 (3.8; 16.4) 8.9 (2.9; 14.9) 0.008
Exclusive breastfeeding
Infant formulas 12.3 (1.4; 26.0) 8.0 (0.7; 15.4) 24.2 (6,25 42.2) 16.0 (0.5; 31.5)
Mixed breast & formulas 6.7 (1.5;11.9) 5.9 (0.6; 12.4) 11.8 (2.9; 20.7) 23.8 (12.0; 35.6)
Body weight status " 12.1 (0.8;23.4) 18.2 (4.8; 31.5) 15.2 (2.7 27.6) 312 (7.1555.4) 0.016
Underweight
Normal 4.1(0.1;8.1) 5.2 (0.7; 9.6) 17.5 (9.9; 25.1) 13.4 (6.6; 20.2)
Overweight 11.1 (0.5; 24.7) 7.4 (0.2515.9) 18.5 (2.8; 34.2) 14.8 (0.6; 23.8)
Blood parameters 3.7(0.9;7,3) 7.4(1.2;15.7) 25.0 (8.9;41.1) 22.2(5.5; 38.9) 0.358
Lymphopenia <1 thous./pL
Serum albumin deficiency < 35 g/L © 5.0 (0.8; 8.8) 10.0 (0,5 19.5) 37.0 (17.5; 56.5) 15.0 (7.2; 22.8) 0.006
Dominating symptoms — % (%) 0.0 (0.0; 2.4) 8.1(2.7; 13.5) 16.2(9.2;23.2) 18.9 (9.0 28.9) 0.004
Gastrointestinal manifestation
Respiratory manifestation 0.0 (0.0; 0.0) 0.0 (0.0; 2.4) 5.0 (1.5; 8.5) 11.8 (4.7; 18.9)
Skin/mucosal manifestation 0.0 (0.0; 4.4) 0.0 (0.0; 1.8) 22.2(10.9; 33.5) 11.1 (0.8; 21.4)
Diagnostic methods 0.0 (0.0; 2.4) 3.3(0.8;5.8) 10.0 (3.8; 16.2) 16.7 (9.6; 23.8) 0.012
Skin Prick Tests
Serum tests 0.0 (0.0; 6.4) 3.2 (0.6; 5.8) 9.7 (5.3; 14.1) 6.5 (2.4; 10.6)
Oral challenge 0.0 (0.0; 0.0) 14.3 (2.2; 28.8) 42.9 (11.9;73.7) 28.6 (6.9; 50.3)
Therapy 44(1.3;7.5) 6.7 (3.1;10.3) 24.4 (14.9; 33.8) 22.2(9.9; 34.6) 0.003
Antihistamine drugs
Steroids 0.0 (0.0; 0.0) 4.8(0.4;9.5) 33.3(11.3;55.3) 23.8 (3.9; 43.6)
Desensitization 0.0 (0.0; 0.0) 0.0 (0.0; 2.4) 33.3 (14.8; 51.9) 41.7 (21.2;62.2)
ELD 42(1.5;7.9) 10.1 (2.2; 18.0) 35.4 (21.7; 49.1) 14.6 (4.5; 24.7)
Additional dieting 7.7 (3.0; 12.4) 3.8 (0.8;7.0) 11.5 (8.3; 15.0) 19.2 (11.1;27.4) 0.221
Diet implementation 7.5 (0.5; 14.5) 0.0 (0.0; 3.6) 9.4 (4.3; 14.5) 7.5 (2.1;12.9) 0.001
Medically consulted
Medically unconsulted 9.4 (1.7; 17.1) 13.2 (4.1;22.3) 32.1(19.8;44.4) 26.4 (14.8; 38.0)

FA —control group, FA*S-allergy to single food-origin allergen, FA*P-polyallergy to various food-origin allergens, FA*M-mixed polyallergy to aero- and food-origin

allergens. ELD-elimination diet. Data are presented as percentages with 95% confidence intervals. Significant associations are marked in bold.

? p value of the Fisher’s exact test for comparison between groups with Bonferroni’s (Pg) corrected significance threshold of 0.008.
Y Classified according to the WHO classification [21, 22].

€ Assessment or nutritional status [28].

https://doi.org/10.1371/journal.pone.0198607.t1002

patients in the recruitment phase and the five-year follow-up phases, respectively. During the

entire study period, there was a strong correlation between the predisposition to development
of eating abnormalities and the type of applied therapeutic method (r = 0.7069; p = 0.005)
(Table 2). In addition, patients and their caregivers confirmed the implementation of additional
non-medical diets, and only 15% of the participants on any type of diet confirmed that they had
received nutrition counselling by a trained dietician or a GP before diet implementation, no
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matter how many products needed to be eliminated. In the FA™ group, self-implemented diet
was very strongly correlated with ED (r = 0.8012; p = 0.005) and with reduced body weight
parameters (r = 0.724; 0.005).

Clinical outcomes of food allergy and eating disorders

Body weight status. Evaluation of weight revealed that over 30% of allergic children were
classified as moderately underweight in the recruitment phase of the study, and this percentage
has increased to over 40% in 5-year follow-up, whereas in the control group, this index did not
exceed 15% (Table 1). There was also a greater proportion of children with low height for age
in the recruitment phase of the study (17.7%) in FA™ group compared to that of their healthy
peers (5.8%); however, this disproportion later became irrelevant. Less than 10% of the chil-
dren were classified as overweight in the control group, and depending on the type of FA, this
index ranged initially from 11% in the FA™S group to 23.6% in the FA"M group and from 0%
in the FA™S group to 31.4% in the FA"P group in the follow-up phase.

Body weight status was partly correlated with the tendency towards eating abnormalities
development (r = 0.6992; p = 0.005) regardless of the type of FA (Table 2). Twenty-five percent
of the FA™ population in the recruitment phase of the study had W/H z-scores < -1.95, and W/
A z-scores < -2.12 (Table 3). Moreover, after five years, a significant drop in these thresholds to
<-2.25and to < -2.20, respectively, was observed. For comparison, in the control group, this
threshold was initially W/H z-score < -0.46 and W/A z-score < -0.98 and finally W/H z-score
< -0.86 and W/A z-score < -1.17. In the FA*P group, a decrease in body weight during the
5-year period was the most significant (p = 0.0017), and the lowest z-scores were observed (W/
A y=-4.60; W/H ;= -4.20). The most significant increase in body weight was recorded for
FA™M patients who were treated with inhaled steroids— 25% of the children reached z-scores
W/A >2.55 and W/H >2.78 and 5.9% of the children met the criteria of obesity.

There was no general regularity detected in the relationship between the gender and z-
scores value; however, female patients suffering from FA*M in the recruitment phase of study
demonstrated weak but significantly higher and more accurate z-scores than those of the male
participants (W/A: p = 0.042; W/H: p = 0.049). During the five years of the study, the average
weight of female participants in the FA*M group decreased, and the differences between sex
became irrelevant, despite the fact that in this group, most of the obese cases were reported.

Immunological parameters. Strong significant differences in analysed immunological
parameters were determined for total IgE concentration not only between particular FA™
groups and the controls but also regarding the sex of the patients. Higher levels of IgE were
observed in male groups, especially in the recruitment phase of the study, whereas in the fol-
low-up phase, the differences were dependent on the type of manifested FA. The prevalence of
ED was positively correlated with the total serum IgE concentration, but only in the female
group (r = 0.5995; p = 0.005).

In the serum of majority of the FA™/ED™ patients, specific E antibodies against soybean
(f14), egg white (fl), cows’ milk (f2) and peanut (f13) were detected (S1 Fig and S2 Table).
These combinations indicate that implementation of an elimination diet as a preventive
method would require eliminating, in almost 52% of FA™ cases, two, and in 39% of the cases,
three or more sources of allergens. The highest prevalence of ED was observed in the FA™P
group following a multiple product elimination diet that excluded soybean (fl4), milk (f2) and
wheat (f4) (24.8% prevalence of ED). In the FA*M group, the highest prevalence of ED
(17.6%) was observed for a group of individuals allergic to egg white (fl), milk (f2), peanut
(f13), wheat (f4) and birch (t3). In the FA™S group, the highest prevalence of ED was observed
in the group of patients suffering from an allergy to cows’ milk protein (16.7%).
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Table 3. Nutritional status of subjects and clinical parameters (allergic and inflammatory markers) in men and women by health status categories.

Control Group (FA’) Food allergy (FA™)
FA'S P-value ® FA*P P-value FA'M P-value
Female (n = 79) 0.21 (-0.57-0.88) -0.37 (-1.65-1.34) 0.286 -0.43 (-2.50-1.38) 0.071 0.49 (-1.36-1.79) 0.805
z-score (W/H) ,*
z-score (W/H) /* 0.12 (-0.78-0.99) -0.78 (-2.19-2.18) 0.016 -0.33 (-2.50-1.43) 0.222 -0.55 (-2.61-3.06) 0.189
p=0839° p=0632° p=0978° p=0032°
z-score (W/A) ,* 0.07 (-1.01-1.30) -0.66 (-1.12-0.18) 0.278 -0.68 (-2.39-1.02) 0.149 0.11 (-2.84-1.82) 0.912
z-score (W/A) ;* 0.10 (-1.00-0.80) -0.42 (-2.35-1.06) 0.024 -0.49 (-2.82-2.35) 0.015 -0.51 (-2.43-2.69) 0.023
p=0.723 p=0940° p=0607° p=0.061°
Total-IgE , -KUA/L 26.31 [14.4] 521.8 [398.3] 0.281 223.9[190.7] 0.326 709.2 [535.3] <0.001
Total-IgE ;-kUA/L 33.1[16.6] 840.9 [578.8] 0.013 1206.4 [486.8] <0.001 9222 [221.1] 0.001
p=0725°¢ p=0391° p=0.016° p=0723°
Total- IgG ,—g/L 3.84 [1.4] 9.7 [6.3] 0.067 9.5 [3.0] 0.011 8.4 [4.6] 0.021
IL-2 , -pg/mL 9.91[1.2] 16.1[2.2] 0.613 25.1[7.2] 0.001 25.5[11.7] <0.001
IL-4 , -pg/mL 9.77 [1.1]] 49.5 [7.5] <0.001 413 [9.6] <0.001 405 [7.7] <0.001
INF-y , -pg/mL 12.42 [2.5] 15.4 [4.2] 0.928 29.5 [9.9] <0.001 26.5 [8.4] 0.002
Male (1 = 77) 0.24 (-0.35-0.84) | -0.65 (-1.17-1.27) 0.213 -0.32 (-2.20-0.64) 0.001 -0.25 (-2.83-1.61) 0.006
z-score (W/H) ,* p=08454 p=07924 p=0926¢ p=0042¢
z-score (W/H) /* 0.16 (-0.95-1.52) -0.76 (-1.76-1.15) 0.064 -0.41 (-2.60-1.00) 0.320 -0.13 (-1.87-2.51) 0.454
p=0895%p=0867% | p=0.744%p=0921" p=0867%p=0930¢ p=0.643%p=0.463 ¢
z-score (W/A) ,* 0.11 (-0.95-1.30) 0.52 (-2.27-0.93) 0.376 -0.13 (-2.26-1.23) 0.432 -0.43 (-1.89-2.13) 0.032
p=0840¢ p=0.049¢ p=0576 p=0.049¢
z-score (W/A) /* 0.03 (-1.53-0.74) 0.35 (-0.71-0.80) 0.496 -0.46 (-2.53-1.99) 0.031 -0.08 (-2.37-2.42) 0.253
p=0.6585p=0623¢ | p=0.540p=0.069 p=0319%p=0.6901 p=0271%p=0.604 ¢
Total-IgE , -kKUA/L 20.51 [10.8] 116.5 [23.2] 0.999 528.6 [182.3] 0.296 893.4 [1189.4] 0.011
p=0297¢ p=0484¢ p=0394¢ p=0157¢
Total-IgE ;-kKUA/L 31.21[18.1] 151.9 [13.2] 0.999 400.4 [275.8] 0.326 1332.7 [644.1] <0.001
p=0762%p=0587" | p=0.536¢p=0587" p=05125p =0.049 ¢ p=04105p=0.039 ¢
Total- IgG ,- g/L 3.67 [1.4] 55 [1.1] 0.979 8.0 [2.6] <0.001 10.1 [4.4] <0.001
p=0.900¢ p=0219¢ p=0656¢ p=0760¢
IL-2 , -pg/mL 10.12 [1.4] 10.4[1.7) 0.999 24.6 [7.6] <0.001 25.1[8.9] <0.001
p=0.540¢ p=0142¢ p=0738¢ p=0953¢
IL-4 , -pg/mL 10.16 [1.1] 42.91[9.8] <0.001 42.419.6] <0.001 41.8 [8.2] <0.001
p=0414¢ p=0961¢ p=0902¢ p=0702¢
INF-y , -pg/mL 11.6 [2.6] 10.9 [1.9] 0.999 27.8 [10.8] 0.005 28.3[8.5] 0.003
p=0743¢ p=05361 p=0708¢ p=07791¢

FA--control group, FA"S-allergy to single food-origin allergen, FA"P-polyallergy to various food-origin allergens), FA*M-mixed polyallergy to aero- and food-origin

allergens. Data are presented as the median (IQR) or means [SD]. Significant associations are marked in bold
# z-scores calculated for weight/height (W/H) and for weight/age (W/A) [21, 22]
® p value of the ANOVA-Tukey test for unequal sample sizes

¢ p value of the Friedman test for dependent groups in follow-up studies

4 p-value of the t-test for the comparison male vs. female

» Recruitment phase values

fFollow-up phase value

https://doi.org/10.1371/journal.pone.0198607.t003

Moreover, significant differences in serum content of total IgG, IL-2, IL-4 and INF-y were
observed; however, they were dependent only on the type of manifested FA and not on gender.
These parameters were also related to the frequency of ED. IL-4/ INF-y and IL-4/IL-2 ratios

PLOS ONE | https://doi.org/10.1371/journal.pone.0198607 June 26, 2018

9/19


https://doi.org/10.1371/journal.pone.0198607.t003
https://doi.org/10.1371/journal.pone.0198607

@° PLOS | ONE

The prevalence of eating disorders in food allergy

ranged from 1.42 to 4.13, which confirms that the immune response of FA™ patients is driven
by a humoral and not a pure inflammatory mechanism (Table 3).

The secretion of analysed cytokines was elevated despite 33.8% of the allergic patients was
diagnosed as suffering from lymphopenia and implement ELD. The reduced absolute number
of lymphocytes in the blood and lower concentration of albumin were most frequently
observed in FA'P patients following multiple product ELD (22.4%, and 37.8%, respectively) in
comparison to levels observed in their healthy peers (5.3% and 6.7%, respectively), FA*S
patients (16.7% and 33.3%, respectively) and FA*M patients (14.3% and 20%, respectively).
Despite observed differences in levels of both blood parameters among FA™ and FA™ groups,
their possible co-occurrence with ED was observed only for reduced levels of albumin, which
was a moderately negative correlation (r = -0.499; p = 0.005) (Table 2).

Correlations of eating disorders in food allergy

Results of a multivariate logistic regression model demonstrated that three combined factors
had the strongest influence on ED prevalence in the analysed population: used allergy diagnos-
tic method, dominant allergy symptoms, and therapy implementation (Adj.2), especially in
underweight, polyallergic groups (Table 4). Odds ratios of ED in most of the allergic groups
with weight abnormalities were higher (OR>1) than those in the control group. Analysis of
probability of ED occurrence in the studied groups adjusted to new-born feeding type, parents’
reported food allergy and residence (Adj.1) indicated a greater sensitivity of female partici-
pants (ORs >1.23) than male, where most of the male group ORs were below the values for
females. The strongest association of ED prevalence and combination of both features (Adj.1
and Adj.2) was observed in the FA™P group.

Considering questions about behavioural and allergic awareness in the ED screening test,
in both the FA*/ED™ and FA/ED™ groups, supreme over-concern about body weight and diet-
ing behaviour was reported (Fig 1). Body image dissatisfaction was the dominant factor in
both non-allergic group and female representatives of allergy sufferers. In the male FA*/ED*

Table 4. Odds ratios (OR) for ED prevalence in particular food allergy groups of males and females, compared to the correct weight category children adjusted for
Adj.1: new-born feeding type, parent-reported food allergy, residence and Adj.2: Used allergy diagnostic method, dominant allergy symptoms, and therapy

implementation.

Prevalence of ED™ in particular food

allergy (FA™) group

FA'S

FA™™

z-score
W/H

Male Female
OR | 95%CI| p OR |95%CI| p OR |95%CI p OR |95%CI| p
Adj.1 (LR)* | Adj.2 (LR)* | Adj.1 (LR)* | Adj.2 (LR) *
0.81 0.40- 0.551 0.90 0.31- 0.847 1.99 0.88- 0.101 191 1.05- 0.047
1.62 2.62 4.52 3.45
1.17 0.45- 0.744 1.25 0.55- 0.590 1.23 0.62- 0.557 1.22 0.61- 0.572
3.02 2.85 2.42 2.44
0.92 0.43- 0.836 2.77 1.07- 0.034 1.99 1.15- 0.015 3.17 3.17- 0.017
1.97 4.16 3.23 8.19
1.29 1.14- 0.013 1.46 1.06- 0.036 1.37 1.17- 0.014 1.05 0.73- 0.848
2.62 1.90 1.83 1.48
1.014 0.90- 0.810 2.24 1.44- 0.028 1.50 0.62- 0.370 1.18 1.06- 0.004
1.14 3.62 3.64 1.57
1.63 0.73- 0.235 1.57 1.23- 0.021 1.47 0.65- 0.381 0.86 0.39- 0.704
3.62 2.38 3.30 1.90

FA"S-allergy to single food-origin allergen, FA*P-polyallergy to various food-origin allergens), FA"M-mixed polyallergy to aero- and food-origin allergens. Significant

associations are marked in bold.

* p (LR) value of the Wald likelihood ratio test (LR test) for significance evaluation of the model.

https://doi.org/10.1371/journal.pone.0198607.t1004
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Fig 1. Allergic problem awareness and eating attitude factors in the FA*/ED" groups with body weight
abnormalities. Parameters such as oral control, dieting behaviour and body image were evaluated based on affirmative
answers to the questions in the ED tests and the additional questions in the form for assessing the psychosocial status
of patients with allergies. Insufficient allergy problem awareness was reported based on incorrect answers on at least
five questions devoted to allergy problems.

https://doi.org/10.1371/journal.pone.0198607.g001

group, the dominant factors turned out to be dieting behaviour co-occurring with uncon-
sciousness of allergen sources and lack of confidence in allergy issue (28.6%). Increased oral
control behaviours were reported in the female FA™M group (23.9%).

Discussion
Growth abnormalities and dysfunction of immune system in FA

Prevalence of FA'ED" and body weight status. To our knowledge, this is the first follow-
up study establishing ED occurrence concomitantly with persistent growth abnormalities and
dysfunction of the immune system in children with clinically diagnosed FA. The present study
covered the north-eastern Polish population living in the area of Green Lungs of Europe,
which may explain the low prevalence of FA at 2%. In comparison in the central, rural part of
Poland, medically confirmed FA was reported at approximately 8% [6]. In the European popu-
lation FA prevalence, estimated based on meta-analysis, range from 0.1 to 6.0% [29].

The prevalence may vary slightly between regions and countries; nevertheless, the fre-
quency of declared essential medical procedures applied in FA remains the same, with a domi-
nant role of ELD. This procedure was also the most popular in our study. Moreover ELD has
been observed to be correlated with an increased risk of underweight cases, especially in the
group excluding multiple products. This result was consistent with Meyer’s [30], who
described the UK population, where malnutrition and underweight individuals formed 8.5%
of the allergic population, as well as with Flammarion’s [31], who reported the percentage of
such cases in the French population at 9.3%. Nevertheless, the ratio of underweight individuals
in our population reached almost 30%. This may be explained by three times less frequent die-
tician supervision compared to that observed in populations of the abovementioned reports.
Most FA guidelines recommend including growth assessment for the timely prevention of
poor growth, which is one of the indicative factors of malnutrition. Neglect by caregivers of
obligatory control after partial relief of symptoms and lack of confidence in the seriousness of
the illness may explain the stronger disproportion in the analysed population.

Also the education of young patients suffering from chronic allergy, about allergen sources
and procedures for dealing with severe allergic reactions, seems to be neglected; 35.4% of the
patients and 18.7% of caregivers reveal a lack of confidence in this issue. This may explain the
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reason for a strong and prolonged association of FA and BMI z-score disproportion observed
in the analysed FA™ population (approximately 30% of the underweight individuals and >30%
of the overweight individuals, respectively). It was more significant than that reported in the
previously described Italian and Finnish populations suffering from other atopic diseases, such
as wheezing (6% / 10%), allergic rhinitis (21% / 26%), asthma (3.5% / 9%) and atopic dermatitis
(16% / 20%) [32, 33]. In such diseases, an elimination is also often implemented because part
of the food-delivered antigens, such as those from eggs or milk, aggravate their symptoms.

The impact of applied medical procedures on immunological parameters of FA'ED*
patients. An increased prevalence of overweight individuals in FA"ED™ patients could be
associated with side effects of steroid therapy, reduced physical activity, and severity of respira-
tory symptoms in children [34]. Also incorrect replacement of dietary products containing
allergenic proteins with products containing higher carbohydrate and lower protein content in
the diet may be the reason of the observed overweight. This situation was greatly strengthened
in our study, where lower albumin content, especially in the group with polyallergy to various
foods following multi-product ELD, was observed, which could be explained by following the
diet long-term, with reduced protein supply (albumin t% = 20 days).

One explanation of decreased concentration of serum albumin could be the loss of nutri-
ents caused by abnormally increased intestinal permeability, despite the implemented elimina-
tion diet, which is often observed in children suffering from cows’ milk protein allergy
(CMPA). In severe cases, even trace amounts of antigen remnants may cause an increase in
the leaking of the intestine [35]. In our studied population, over 50% of the participants
declared prophylactic, sometimes without medical indication, use of infant hydrolysed formu-
las instead of breastfeeding. It has been done even if the infant was not diagnosed as suffering
from CMPA. This procedure was common even though it has been stated that formula feeding
may be responsible for low body weight and weaker weight-gain of new-borns. In the context
of the studies showing that children suffering from atopic disease may have higher caloric and
protein needs, primarily if the dominant symptoms of the disease come from skin and mucus
[36,31] such procedure can lead to underweight. In our study, it was observed that this type of
manifestation was almost as frequent as gastrointestinal manifestations.

As a result of the use of various dietary treatments, a decreased level of albumin in our pop-
ulation was observed, which may also be observed during inflammatory diseases of the intes-
tine [37], infections and in other states [38]. This may confound the interpretation of results;
however, in our study, we excluded cases with severe inflammatory diseases in the recruitment
phase.

The impact of gender and intestinal mucosal integrity on immunological parameters of
FA'ED" patients. Moreover, additional factors, such as lymphopenia evaluation and BMI-
based factors, were taken into account according to the guidelines of the European Society for
Clinical Nutrition and Metabolism [28]. As a result, it was stated that despite the dominant
humoral, IgE-mediated mechanism of FA, the frequency of lymphopenia was surprisingly
high for FA patients, which was also significantly correlated with the multiple product elimina-
tion, both in obese and in underweight FA patients. Despite the occurrence of lymphopenia,
we confirmed a typical for allergy Th1/Th2 imbalance with a predominance of the Th2-type
response. This imbalance was related to the type of allergy and dominant symptoms but also to
the BMI-z-scores and gender. It was analogous to the results obtained by Kilpeldinen et al.
[32], which were focused on the evaluation of atopy prevalence in Finnish children with vary-
ing BMI-z-scores and levels of physical activity.

In overweight/obese individuals and in female subjects, it was explained by an adipokine-
dependent mechanism of decreased immunological tolerance to allergens previously described
in terms of asthma and allergic rhinitis [39, 40]. Although, it has not been linked to FA so far,
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it is known that leptin, as the satiety hormone produced by adipocytes, wherein its concentra-
tion can be increased in obese people. Also in females patients it may induce a Th1 response.
In overweight patients, leptin-resistance may cause locally enhanced production Th1 cytokines
such as INF-y and TNF-a in adipocyte tissue, but it also stimulates IL-6 expression in stimu-
lated macrophages, which in turn increases production of IL-4 and IL-5 systemically under
antigen exposure [39,41,42]. The observed systemic increase in IL-4 concentration may be
explained by the decrease in immunological tolerance to even trace amounts of allergens as a
consequence of immunological changes induced by leptin resistance. This observation is anal-
ogous to the study of van Huisstede et al. [43], who evaluated the presence of systemic inflam-
mation as an effect of obesity in asthma.

On the other hand, observed lymphopenia with constant, strong Th2-mediated responses
in underweight participants may be explained by the effects of impairment of intestinal muco-
sal integrity, as well as by imbalanced microbiota composition. It has been demonstrated by
Blanton et al., [44] in a Malawian population that immaturity of intestinal microbiota and the
resultant metabolic abnormalities may causally be related to underweight status in children. It
was also confirmed that immature microbiota from undernourished infants/children may
transmit impaired growth phenotypes, which was verified in male germ-free mice models.
There are also reports of disturbances in the structure of gut microbiota in underweight
patients suffering from ED that reveal an increase in methanogens in the intestinal population
[45] or decrease in Lactobacillus reuteri [46]. Similar regularities in microbiota disproportions
were previously observed in the course of FA by other studies [47, 48]. It has been associated
with an impairment of the microbial PAMP/TLR interactions, enhanced Th2 responses
towards antigens and consequent exacerbation of the condition of patients. To sum up this
part of the study, we conclude that incorrectly composed elimination diet may directly or indi-
rectly affect immune system activity in FA by causing body weight abnormalities, resulting in
impairment of cell-mediated immunity, cytokine production, mucosal permeability, antibody
affinity [20] and possibly gut microbial dysbiosis.

ED and psychosocial implications of FA

Psychosocial implications in FA'ED" development. ED and psychosocial implications
manifested by increased sensitivity to own appearance typically emerge during adolescence
and adulthood but increasing number of cases have been reported even in elementary school
and according to the author’s observations, such cases may co-occur with FA. Such a phenom-
enon was previously suggested by Shanahan et al. [49], who analysed a population of children
in the US (North Carolina state). The association of underweight individuals and disturbed
body image, classified as anorexia nervosa, with symptoms of FA in that population reached
7.8%. In the currently studied north-eastern Polish population, we observed a stronger associa-
tion between FA and ED (24.8%); however, unlike Shanahan’s study, overweight children
were also included in our study because of frequently confirmed compulsive behaviours.
Stronger association of FA and ED may have been caused due to a greater homogeneity of the
analysed population of allergy sufferers included by clinicians, unlike the population in the
abovementioned study, where FA was parent-reported and not physician-verified. Such stud-
ies, however, allow for the assessment of the impact of a greater number of psychosocial disor-
ders that may co-exist in the course of FA. For example, Patten et al. [50] observed that FA was
significantly associated with mood and anxiety disorders and OR for depression was 1.8 (95%
CI 1.5-2.3). Associations of comparable strength were observed for bipolar disorder and panic
disorders. Other scientists described several mental abnormalities directly associated with the
process of eating as further repercussions of FA in early childhood.
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Behavioural implications and impact of lack of confidence in FA issues on FA'ED*
development. A common problem that remains among children is selective eating, which
consists of eating a very limited range of foods, especially of a particular colour, texture, or
brand, with excessive preoccupation with eating healthy food [51]. Furthermore, food phobias
can be additionally enhanced by fear of choking, swallowing or vomiting likely preceded by
traumatic experiences occurring e.g., in the course of FA [52]. In the studied population, the
origins of selective eating and orthorexia nervosa were observed especially in male patients. In
female participants dominating ED, there were characteristic of bulimia nervosa in the over-
weight and anorexia nervosa in the underweight group. It should be stressed that ED was
strongly associated with applied therapeutic methods regardless of gender. In the studied
population, an increased body weight after steroid therapy and decreased body weight after
common, seasonal antihistamine over-dosage was associated with the prevalence of ED. Expla-
nation for this phenomenon could be alterations in histamine signalling in the brain impli-
cated in the inverse relationship between histamine activity and food intake, which in turn
results in malnutrition and increases susceptibility to the development of depressive states and
anorexia nervosa [53]. Another possible explanation of elevated psychosocial implications may
reflect syndromes of adaptations to living with FA. Living with food allergies poses a unique
stress for children, adolescents and their parents, resulting in disruptions of daily life [4], and
burdens the activities of adolescents that are crucial for proper psychosocial development in
relation to peers [54]. The most aggravating factors in cited studies were attempts to strictly
follow an elimination diet, which were also observed in our study. Similar results were
observed in the population of children (n = 20) suffering from peanut allergy that demon-
strated more impaired quality of life and lower body image confidence than those suffering
from insulin-dependent diabetes mellitus (n = 20). In that population, the children suffering
from FA reported more fear of an adverse event, more anxiety about eating, and more restric-
tion due to the illness [55].

Finally, there is one possible explanation of strong association of ED and FA that is focused
on cognitive-emotional sensitization that involves the central nervous system in complex neu-
ronal networks. Extensive activation of these cognitive networks (prolonged stress), sometimes
triggered by peripheral mechanisms (inconvenient FA manifestation and local inflammation),
might be a crucial mechanism underlying several subjective health complaints and may lead to
a greater perception of illness, deterioration of health and loss of weight [56]. This was origi-
nally confirmed by Bell et al. [57] in a group of 490 participants who reported sensitivity to
food (wheat, dairy, eggs) and chemicals (pesticide, car exhaust, paint, perfume, new carpet).
Although higher emotional deterioration and stronger FA symptoms coexisting with depres-
sion symptoms and body weight faltering were observed in these patients, these symptoms
were mostly correlated with somatization not with strict immunologic reaction. Based on the
aforementioned studies, it could be concluded that the mental condition of patients is an
important element in the course of both allergic diseases and ED.

Limitations and directions for future research

First, the population of the north-eastern region of Poland is representative of the communi-
ties from which it was sampled, but probably not of the whole Polish population. Findings
should be extended and confirmed in studies that include participants from other regions.
Nevertheless, the Polish population is perceived to be rather homogeneous in ethnic and racial
terms. Second, the population of FA children were recruited based on serum tests and symp-
tomatic evaluation of clinicians, and not based on double-blind food challenges, which is seen
as a reference method in the diagnosis of FA [58]. This may be perceived as a limitation of the
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present study; however, we wanted to establish the psychosocial impact of different variables
on ED frequency, taking into consideration the most common and acceptable allergy diagnos-
tic criteria used in Poland.

Third, the age of children in the follow-up phase ranged from 5-18 years and required dou-
ble self- and parent-reported ED evaluation because almost 9% of the children were too young
to cope on their own with the SCOFF and EAT-8 questionnaire, which may cause slight over-
estimation of the prevalence of ED. On the other hand, the youngest children unable to
respond on the questionnaire on their own have been categorized into various FA groups
including control, so the general trend is not falsified. Finally, the present study is limited by
no intestinal microbiota biodiversity information of the studied population. However, a case
study report about observed disproportion of skin microbiota in female representative of stud-
ied population has been previously published [59]. Nonetheless, the study provides a strong
background for future research devoted to microbiota. Moreover, while the investigations
should be continued on present group of participants, the pool of subjects should be expanded
to include groups of adult and elderly people with FA and people who have been diagnosed as
underweight or with confirmed anorexia nervosa, who during their childhood suffered from
allergy but in whom tolerance has developed.

Conclusions

To recapitulate, this work confirms the correlation between the state of allergy, applied proce-
dures, weight abnormalities and ED occurrence in early life. Proper allergy education and die-
tician-supervised establishment of diet, especially for people with a positive family history of
allergy, may contribute to more efficient allergy therapy in early life and in the reduction of
ED in the future. An important factor seems to be the different psychosocial susceptibilities of
allergic people, whereby evaluation of such susceptibilities could be included in the assessment
of the health condition of the FA patients. Studies on the impact of ED and psychosocial impli-
cations on intestinal microbiota and immune system in FA but also in the course of other dis-
eases should be continued due to the need of a pathomechanism explaining the conditions and
to enlarge the scale of the conducted research.
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