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Abstract

Background: Food-related reactions can significantly impact children’s dietary choices,
health, and nutritional status. This study evaluated adherence to the Mediterranean
diet and explored its associations with regional and family socioeconomic status among
Croatian children whose parents reported adverse food-related reactions. Methods: The
cross-sectional study analyzed data on 193 children aged 2–9 years with parent-reported
food-related reactions, collected from the Croatian National Food Consumption Survey,
which included 1820 children aged 3 months to 9 years, based on the EU Menu methodology
(OC/EFSA/DATA/2016/02 CT3). Parents completed standardized questionnaires on
food-related reactions, lifestyle, dietary patterns, and socioeconomic indicators. Regional
differences were assessed, and adherence to the Mediterranean diet was evaluated using
the KIDMED index. Results: This survey found an 11% prevalence of parent-reported
adverse food-related reactions among children aged 2 to 9 years. Milk, eggs, and tree nuts
were the most commonly reported allergens. Adherence to the Mediterranean diet was
moderate (36%) to low (41%; p = 0.011), with higher KIDMED scores associated with greater
fruit, vegetable, legume, fish, and olive oil intake and lower adherence associated with
more ultra-processed foods and obesity. Children from coastal and urban areas had better
diet quality and socioeconomic indicators. Maternal education was strongly associated
with Mediterranean diet adherence (OR = 1.88, p < 0.001), while maternal employment
and household income showed no significant relationship. Conclusions: The findings
highlight significant nutritional challenges among Croatian children with adverse food-
related reactions, driven by regional and socioeconomic disparities. An adherence to a low
Mediterranean diet indicates a need for a personalized approach to the diet management of
children with food-related reactions. Addressing these through targeted, equitable public
health strategies may improve outcomes for affected children.
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1. Introduction
Food-related reactions involve both allergic responses driven by the immune system

and non-immune mechanisms such as intolerances, with symptoms that can impact the
skin, gut, lungs, or cardiovascular system [1]. Food allergies, both life-threatening and life-
altering, in children represent a growing global public health issue, with rising prevalence
and significant regional variation [1,2]. In Europe, 19.9% of individuals self-report food-
related allergic reactions, 16.6% show IgE-mediated sensitization, and 5.7% test positive
on skin prick tests [3,4]. In Croatia, 5.4% of preschool-aged children are diagnosed with
allergic diseases, and parent-reported food allergies reached 13.5% in 2015 [5]. The most
common allergens, milk, eggs, peanuts, soy, wheat, tree nuts, fish, and shellfish, are also
frequently consumed in Croatia [6]. Children with food allergies often follow restrictive
diets that, if not properly managed, may lead to nutritional deficiencies, particularly in
essential nutrients due to the elimination of allergen foods [2,3,7]. Individualized dietary
management and accurate diagnostics are therefore essential to reduce risks and improve
health outcomes [8,9]. Children with multiple allergies are especially vulnerable to nutrient
deficiencies [10,11]. Croatia, like other European countries, is advancing a multidisciplinary
approach involving allergists, dietitians, and mental health professionals [12,13]. Genetic
predisposition and early-life environmental exposures significantly influence allergy de-
velopment and household dietary practices [8,14]. Geographic and socioeconomic factors
also shape food access and quality [15–18], underscoring the importance of public health
measures in addressing disparities [19,20].

Dietary patterns that were established in childhood have long-term health implica-
tions. The Mediterranean diet, rich in antioxidants, fiber, and healthy fats, is associated
with a reduced chronic disease risk [21]. Although traditional in Croatian coastal regions,
adherence is declining among the youth, with only 10% showing high adherence and 21%
reporting low adherence [22,23], reflecting an increased intake of saturated fats and a
reduced consumption of plant-based foods [24]. Emerging evidence suggests that Mediter-
ranean diet components, such as polyphenols and n-3 polyunsaturated fatty acids, may
modulate immune responses and help prevent or mitigate allergic diseases [25–28].

Systematic dietary assessment is crucial for identifying nutritional gaps in children
with food allergies [29], particularly as their diets often change significantly following
diagnosis. Children with food allergies, such as those allergic to dairy, nuts, or fish, may
face challenges adhering to the Mediterranean diet due to the inclusion of these allergenic
foods in its central components. Assessing both adverse food-related reactions and diet
adherence enables the identification of safe, nutritionally adequate alternatives that sup-
port the development of personalized, allergy-aware Mediterranean-style dietary plans.
This dual assessment also provides insight into how adverse food-related reactions may
impact current and long-term diet quality, thus informing targeted interventions that
promote adherence without compromising health and safety [6,9,23]. Given the limited
available data in Croatia on adverse food-related reactions among children, this study
used the data from the National Food Consumption Survey on Infants and Children
(OC/EFSA/DATA/2016/02 CT3) of the children whose parents reported food-related reac-
tions data with aims to assess: (1) overall and regional prevalence of adverse food-related
reactions in Croatian children based on parent reports; (2) adherence to the Mediterranean
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diet using the KIDMED index; and (3) the relationship between children’s dietary habits
and parental socioeconomic status.

2. Materials and Methods
2.1. Study Procedure

This study used data from the National Food Consumption Survey on Infants and Chil-
dren based on EU Menu methodology (OC/EFSA/DATA/2016/02 CT3) [29,30]. A national
survey was carried out from January 2017 to July 2021. Data were collected by trained
nutrition, food technology, and public health professionals. The National Ethical Board
of the Institute for Medical Research and Occupational Health (Reg. No: 100-21/21/18-9)
and the Croatian Personal Data Protection Agency (Class: 004-02/17-01/900; Reg. No: 567-
02/12-18-05) approved the study of the National Food Consumption Survey on Infants
and Children, while the Faculty of Medicine, University of Rijeka, approved this sub-study
research (Class: 007-08/24-01/27; Reg. No: 2170-1-42-04-36/1-24-7). The methodology
used for collecting the data for the National Food Consumption Survey has been described
in detail elsewhere [29,30].

2.2. Participants

The National Food Consumption Survey on Infants and Children (OC/EFSA/DATA/
2016/02 CT3) included 1820 children aged 3 months to 9 years across Croatia, using
a stratified random sample based on sex, age, and the number of inhabitants from six
geographical regions (Dalmatia (n = 347), Istria and Primorje (n = 205), Lika and Banovina
(n = 108), Northern region (n = 218), Slavonia (n = 348), and Zagreb and the surrounding
area (n = 594)). Parents provided written informed consent after being fully informed
about the study. Data were drawn from the Ministry of the Interior Affairs. Hospitalized or
institutionalized children or those living abroad were excluded from the survey. In line with
the study’s aims, the inclusion criteria were data from 193 children aged 2–9 years (11% of the
national sample) with parent-reported adverse food-related reactions, which were analyzed
to assess adherence to the Mediterranean diet, as well as regional and socioeconomic
differences. The mean age of these children was 4.7 years.

2.3. Data Collection
2.3.1. Questionnaire and Anthropometric Measurements

Data were collected through structured face-to-face interviews in which parents re-
ported symptoms and specific foods that triggered food-related allergic or hypersensitivity
reactions to food. Sociodemographic and geographical information was also recorded.
Anthropometric measurements were taken using standardized equipment (a digital scale
(Seca 877®, seca GmbH & Co. KG, Hamburg, Germany) and portable stadiometer (Seca
217®, seca GmbH & Co. KG, Hamburg, Germany)). Body Mass Index (BMI) was calculated
as weight (kg) divided by height squared (m2) and expressed as BMI-for-age percentiles
according to CDC age-specific cut-offs. Nutritional status categories were underweight
(<5th percentile), healthy weight (5th to <85th percentile), overweight (85th to <95th per-
centile), and obese (≥95th percentile). Socioeconomic status was assessed by household
income, parental education, employment status, and household size. Parental education
was classified by the International Standard Classification of Education (ISCED) into low
(preschool/primary), medium (secondary/post-secondary non-tertiary), and high (tertiary
and above). Children’s physical activity was reported by parents and categorized as low
(sedentary behaviors like screen time and quiet play), moderate (active play and school
physical education), or high (participation in organized sports or training).
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2.3.2. Dietary Data

Children’s dietary habits were assessed using a 24 h dietary recall method. Parents
recorded food intake via printed or digital diaries accessible through a website and a
smartphone app. These records were verified through follow-up telephone interviews
that were conducted by trained professionals using computer-assisted methods to en-
sure accuracy. The NutriCro® 2.0 software, developed specifically for this study, facil-
itated data management. It includes detailed participant information, dietary records,
and a comprehensive food database featuring composition data [31,32], over 500 national
recipes, and portion sizes estimated using a national photo atlas showing reference foods
and weights in grams [33]. The database also covers standard portion sizes, household
measures (e.g., spoon or cup), energy content, food brands, and packaging types. Data
collection occurred throughout all four seasons and across all days of the week to capture
seasonal and weekly variation in food consumption and availability.

2.3.3. Assessment of Adherence to the Mediterranean Diet

The assessment of adherence to the Mediterranean diet was done with the KIDMED
index only among the participants included in this study. The KIDMED index is used
to assess dietary habits of children and adolescents in relation to their adherence to the
Mediterranean diet and a traditionally healthy dietary pattern [34]. This validated tool
comprises 16 questions, each scoring +1 for positive or −1 for negative associations with
the Mediterranean diet. Total scores range from −3 to 12, categorizing adherence as optimal
(≥8), moderate (4–7), or poor (≤3) [23]. The index emphasizes a consumption of whole
foods, recommending a daily intake of whole grains, fruits, vegetables, olive oil, olives,
seeds, and nuts (1–2 servings/day). Fish and white meat are suggested as primary protein
sources, with at least two servings per week, while eggs are recommended at 2–4 servings
weekly. Legumes, a key plant-based protein, should be consumed at least twice weekly.
Dairy intake favors low-fat fermented products like yogurt, around two servings per
day. The Mediterranean diet advises limiting red meat (under two servings weekly),
processed meat (no more than one serving weekly), and fast food, snacks, and sweets (up to
two servings weekly) to reduce intake of unhealthy fats, salt, sugar, and additives [29,34].

2.3.4. Statistical Analysis

This research followed a cross-sectional epidemiological study design. Standard
descriptive statistical methods were used for data analysis. To assess statistically significant
differences between groups, the chi-square test, independent samples t-test, Kruskal–
Wallis test, or ANOVA were applied, followed by Tukey’s post hoc test where appropriate.
The associations of children’s characteristics and KIDMED index components with the
overall KIDMED score across tertiles were assessed with Pearson’s correlation coefficients.
Correlations below 0.49 were considered weak, between 0.50 and 0.59 were considered
moderate, and between 0.60 and 1.00 were considered high. An ordinal logistic regression
model was used to assess the independent association between parental socioeconomic
status (SES) indicators and children’s adherence to the Mediterranean diet (KIDMED tertiles:
low, medium, high). SES indicators (maternal education, household income, and maternal
employment status) were included as ordinal predictors, where higher values indicate
higher SES. The model was adjusted for the children’s age, sex, region of living, physical
activity and BMI category. Adjusted odds ratios (ORs) and 95% confidence intervals
(CIs) were calculated. A p-value of less than 0.05 was considered statistically significant.
Statistical analyses were conducted using Statistica software, version 12.7 for Windows
(StatSoft Inc., Tulsa, OK, USA).
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3. Results
According to the objectives of this study on assessing adherence to the Mediterranean

diet among children older than 2 years, we analyzed data from children aged 2 to 9 years
with parent-reported adverse food-related reactions. Among them (n = 193, 11% of all)
were 106 (55%) boys and 87 (45%) girls (p = 0.195), and, significantly, most of the children
were from 2–4 years old (61%; p = 0.035) (Table 1). They were mostly from the capital
city Zagreb and the surrounding area (32%) (Table 1). The lowest prevalence of children
with adverse food-related reactions was in the Lika and Banovina region (3%), where most
children had poor adherence to the Mediterranean diet (1st tertile, p < 0.001).

Table 1. Characteristics of Croatian children (n = 193) aged 2 to 9 years with parent-reported adverse
food-related reaction according to KIDMED score tertiles (n %).

Variables

KIDMED Tertiles

All
n = 193
(100%)

KIDMED
(−3 to 2) n = 79

(41%)

KIDMED
(3 to 4)

n = 69 (36%)

KIDMED
(5 to 8) n = 45

(23%)

p-Value

0.011

KIDMED score Mean ± SD 3.31 ± 2.12 0.99 ± 1.25 3.48 ± 0.50 5.81 ± 0.90 <0.001

n % n % n % n %

Sex Boys 106 55 52 66 33 48 21 47 0.040Girls 87 45 27 34 36 52 24 53

Age group
2–4 years 117 61 42 53 40 58 35 78 0.0355–7 years 34 18 13 16 15 22 6 13
≥8 years 42 22 24 30 14 20 4 9

Region

Dalmatia 41 21 16 20 11 16 14 31

<0.001

Istria and Primorje 25 13 5 6 11 16 9 20
Lika and Banovina 6 3 5 6 1 1 0 0
Northern Croatia 21 11 9 11 9 13 3 7
Slavonia 38 20 22 28 13 19 3 7
Zagreb and surrounding 62 32 22 28 24 35 16 36

Physical activity level
Low 27 14 10 13 8 12 9 20

0.295Medium 103 53 40 51 36 52 27 60
High 63 33 29 37 25 36 9 20

Nutrition status

Underweight 20 10 9 11 7 10 4 9

0.784Normal weight 138 72 53 67 51 74 34 76
Overweight 20 10 8 10 8 12 4 9
Obese 15 8 9 11 3 4 3 7

Meeting recommendations
for the energy intake

Below 72 37 30 38 28 41 14 31
0.772Within 50 26 22 28 17 25 11 24

Above 71 37 27 34 24 35 20 44

Dietary
supplements intake YES 122 63 44 56 50 72 28 62 0.152

Mother employed YES 162 84 61 77 62 90 39 87 0.096

Mother’s highest level
of education

Primary 30 16 19 24 8 12 3 7
<0.001Secondary 56 29 1 1 54 78 1 2

Tertiary 106 55 59 75 6 9 41 91

Household income level

1st 11 6 2 3 6 9 3 7

0.1992nd 19 10 10 13 4 6 5 11
3rd 38 20 17 22 15 22 6 13
4th 118 61 43 54 44 64 31 69

3.1. Socioeconomic, Geographical, and Anthropometric Data of Participants and Nutritional Status
in Relation to Adherence to the Mediterranean Diet

Children were divided into three tertiles based on their KIDMED scores, which ranged
from −3 to 8 (Table 1). The first tertile, representing the lowest adherence to the Mediter-
ranean diet (scores −3 to 2), included the largest proportion of children (41%; p = 0.011).
The second tertile, with scores from 3 to 4, comprised 69 children (36%), while the third ter-
tile, with scores from 5 to 8, included the fewest children (23%). Overall, children’s diets
showed poor adherence to the Mediterranean dietary pattern, with a mean KIDMED score
of 2.97 ± 2.15. Those in the highest tertile had a mean score of 5.80 ± 0.84, indicating
moderate adherence, while those in the lowest had a mean score of 0.92 ± 1.28, and those
in the middle had a mean score of 3.48 ± 0.50 (p < 0.001). Boys predominated in the lowest
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adherence group (66%), while girls predominated in the highest tertile (53%) (p = 0.040).
Younger children scored higher, with children aged 2 to 4 averaging a score of 4.74. The
highest adherence group was significantly younger (mean age 3.92 years; p = 0.011) and in-
cluded 78% of the youngest children (p = 0.035). Children from coastal regions, Dalmatia
(41%) and Istria and Primorje (25%), showed significantly higher adherence. Similarly,
62% of children from the capital city Zagreb and its surrounding areas were mainly in the
second (35%) or third (36%) tertiles (p < 0.001). Conversely, children from central Croatia,
Lika, Banovina, Slavonia, and the Northern region had lower KIDMED scores, indicating
poorer adherence. Physical activity levels did not differ significantly across tertiles, with
most children being moderately active (53%, p = 0.295). Overweight and obese children
were more common in lower adherence groups. In the first tertile, 10% were overweight,
and 11% were obese, compared to the 12% that were overweight and 4% that were obese in
the second tertile. Energy intake generally aligned with age- and activity-based recommen-
dations, without significant differences across tertiles (p = 0.562). Namely, 44% of children
in the highest tertile exceeded recommended energy intakes, whereas an inadequate energy
intake was more common among those in the lower adherence groups (38% and 41%
in the first and second tertiles, respectively). Dietary supplement use was reported by
63% of children, with the highest prevalence in the second tertile (72%), though it was
not statistically significant (p = 0.152). Regarding socioeconomic status, 84% of mothers
were employed (p = 0.096), with the lowest employment rate (77%) among mothers of
children in the lowest adherence group. A significantly higher proportion of mothers of
children in the highest adherence group had completed tertiary education (91%, p < 0.001)
and more reported higher household incomes (69%), although this was also not statisti-
cally significant (p = 0.199). Mothers of children in the second tertile were more likely
to have completed secondary education (78%) (Table 1). Children of mothers with the
highest education were almost twice as likely to have a dietary pattern adhering to the
Mediterranean diet when compared to children of mothers with lower education, even
after the adjustments for children’s characteristics (OR = 1.88, p < 0.001) (Table 2). On the
other hand, maternal employment (OR = 0.86, p = 0.284) and household income did not
show a significant association with the KIDMED index (OR = 1.07, p = 0.116) and remained
insignificant even after the adjustment for the children’s characteristics.

Table 2. The relationship between maternal socioeconomic indicators and their children’s adherence
to the Mediterranean diet (KIDMED index).

Predictor
Crude Adjusted

OR (95% CI) p-Value OR (95% CI) p-Value

Mother’s tertiary education 1.88 (1.63–2.17) <0.001 1.86 (1.61–2.15) <0.001
Mother’s employment (yes) 0.89 (0.68–1.17) 0.406 0.86 (0.66–1.13) 0.284
High household income 1.05 (0.98–1.14) 0.179 1.07 (0.98–1.16) 0.116

Adjusted for children’s sex, region of living, age, BMI and physical activity.

3.2. The Associations of Children’s Characteristics and KIDMED Index Components with the
KIDMED Score

Table 3 shows associations between children’s characteristics and KIDMED scores
using Pearson’s correlation. Age was moderately and negatively correlated with KIDMED
scores in the lowest tertile (r = 0.37, p < 0.001). No significant correlations were found
between KIDMED scores and BMI, nutritional status, physical activity, energy intake, or
dietary supplement use. While maternal employment status and household income did
not directly correlate with KIDMED scores, a moderate positive correlation was observed
between the mothers’ employment and the higher KIDMED scores in children (r = 0.30,
p = 0.045).
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Table 3. The associations of children’s characteristics with the overall KIDMED score across tertiles.

Variables

Tertiles of KIDMED

KIDMED (−3 to 2) KIDMED (3 to 4) KIDMED (5 to 8)

r 95% CI p-Value r 95% CI p-Value r 95% CI p-Value

Age (years) −0.37 −0.54 −0.16 <0.001 −0.10 −0.33 0.14 0.420 0.06 −0.24 0.35 0.695
Body mass index (kg/m2) 0.08 −0.15 0.29 0.498 0.04 −0.20 0.27 0.768 −0.18 −0.45 0.12 0.229
Nutrition status 0.07 −0.16 0.28 0.566 −0.01 −0.24 0.24 0.990 −0.20 −0.46 0.10 0.192
Physical activity level −0.03 −0.25 0.20 0.817 −0.10 −0.33 0.14 0.418 0.19 −0.11 0.46 0.219
Dietary energy intake (kJ/day) −0.08 −0.30 0.14 0.460 −0.16 −0.38 0.09 0.205 −0.07 −0.35 0.23 0.659
Meeting energy intake
recommendations 0.21 0.01 0.41 0.065 −0.11 −0.34 0.13 0.353 −0.23 −0.48 0.07 0.131

Dietary supplements intake 0.09 −0.14 0.30 0.445 0.07 −0.17 0.30 0.564 0.09 −0.21 0.37 0.565
Mother employed 0.03 −0.20 0.26 0.786 −0.06 −0.30 0.18 0.609 0.30 −0.08 0.48 0.045
Mother’s highest level of education 0.11 −0.11 0.33 0.313 −0.10 −0.33 0.14 0.424 −0.18 −0.42 0.15 0.246
Household income 0.12 −0.11 0.33 0.310 0.04 −0.25 0.22 0.771 0.01 −0.30 0.29 0.961

Table 4 shows dietary components of the KIDMED index that were associated with
overall scores. Intake of fruit or 100% fruit juice was moderately and positively correlated
with KIDMED scores in the lowest tertile (r = 0.38, p < 0.001), while consumption of a
second fruit daily correlated with the second tertile (r = 0.24, p = 0.049). Daily intake of fresh
or cooked vegetables showed a strong positive correlation with higher KIDMED scores,
especially in the lowest tertile (r = 0.48, p < 0.001). Eating whole grain cereals (r = 0.32,
p = 0.004), milk or dairy products (r = 0.35, p = 0.001), and avoiding commercial baked
goods for breakfast (r = 0.49, p < 0.001) were positively associated with higher scores in the
lowest adherence group. Daily use of olive oil correlated positively in the first and second
tertiles (r = 0.24, p = 0.032; r = 0.33, p = 0.005). Not skipping breakfast was associated
with higher KIDMED scores in the second and third tertiles (r = 0.27, p = 0.023; r = 0.30,
p = 0.047).

Table 4. The associations of children’s KIDMED index components with the overall KIDMED score
across tertiles.

KIDMED Components

Tertiles of KIDMED

KIDMED
(−3 to 2)

KIDMED
(3 to 4)

KIDMED
(5 to 8)

r 95% CI p-Value r 95% CI p-Value r 95% CI p-Value

a fruit/day 0.38 0.17 0.55 <0.001 0.17 −0.07 0.39 0.174 - - - -
second fruit/day 0.06 −0.16 0.28 0.575 0.24 0.00 0.45 0.049 0.11 0.19 0.39 0.459
vegetables/day 0.48 0.29 0.63 <0.001 −0.02 −0.25 0.22 0.898 0.26 −0.04 0.51 0.089
more vegetables/day 0.06 −0.30 0.14 0.471 0.09 −0.32 0.15 0.464 0.40 0.12 0.62 0.007
fish ≥ 2 times/week - - - - 0.13 −0.11 0.35 0.300 0.09 −0.21 0.38 0.538
legumes ≥ 2 times/week 0.10 −0.13 0.31 0.401 0.01 −0.23 0.24 0.951 −0.04 −0.33 0.25 0.773
grain products ≥ 5 times/week - - - - 0.13 −0.11 0.35 0.300 0.17 −0.13 0.44 0.261
whole grain cereals and products
for breakfast 0.32 0.11 0.51 0.004 0.00 −0.24 0.24 0.999 0.27 −0.03 0.52 0.078

milk and dairy for breakfast 0.35 0.14 0.53 0.001 −0.06 −0.29 0.18 0.636 −0.02 −0.30 0.28 0.918
no commercial baked goods or
pastries for breakfast 0.49 0.30 0.64 <0.001 0.04 −0.20 0.27 0.744 0.04 −0.26 0.33 0.813

nuts ≥ 2 times/week - - - - 0.06 −0.18 0.30 0.609 0.09 −0.21 0.38 0.538
two yogurts and/or 40 g cheese daily - - - - - - - - 0.29 −0.00 0.53 0.057
no sweets or candies every day 0.32 0.11 0.51 0.004 0.16 −0.08 0.38 0.201 0.21 −0.09 0.47 0.174
fast food ≤ 1 times/week 0.21 −0.01 0.41 0.059 - - - - - - - -
olive oil every day 0.24 0.02 0.44 0.032 0.33 0.10 0.53 0.005 0.10 −0.20 0.38 0.528
do not skip breakfast 0.13 −0.10 0.34 0.267 0.27 0.04 0.48 0.023 0.30 0.00 0.54 0.047

Figure 1 shows the average KIDMED item scores by overall score tertile. Children in
the lowest adherence group scored the lowest for fruit and vegetable intake. Those in the
second and third adherence groups had higher scores for fish, legumes, and grains. Both
higher tertiles scored similarly on consuming milk or dairy for breakfast and daily fish,
legumes, nuts, and yogurt or cheese. All groups reported similar avoidance of daily sweets
and fast food but with no significant differences.

https://doi.org/10.3390/sci8030059

https://doi.org/10.3390/sci8030059


Sci 2026, 8, 59 8 of 13

-1
-1
0
0
0
0
0
1
1
1

a fruit/day

second fruit/day

vegetables/day

more vegetable/day

fish ≥ 2 times/week

legumes ≥ 2 times/week

grain products ≥ 5 times/week

whole grain cereals and
products for breakfast

milk, dairy for breakfast
no commercially baked goods

or pastries for breakfast

nuts ≥ 2 times/week

yoghurt or cheese every day

no sweets or candies every
day

fast food ≤ 1 times/week

olive oil every day

do not skip breakfast
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Figure 1. The average scores of the KIDMED components regarding the tertiles of the overall
KIDMED score among Croatian children aged 2 to 9 years with parent-reported adverse food-related
reactions (n = 193).

3.3. The Adverse Food-Related Reaction Types Prevalent Among Croatian Children Aged 2 to
9 Years Regarding the KIDMED Tertiles Groups

The most common adverse food-related reactions that parents reported were to milk
and milk products (26%) and eggs (20%), with no significant differences across tertiles
(p = 0.814) (Figure 2). In lower adherence groups (1st and 2nd tertiles), milk (28%, 29%),
eggs (18%, 26%), and nuts (both 13%) were prevalent. In the highest adherence group
(3rd tertile), milk (18%), eggs (13%), and gluten (16%) were the most parent-reported
adverse food reactions.
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Figure 2. Types of food-related reaction reported by parents of Croatian children aged 2 to 9 years
(n = 193) regarding the KIDMED tertiles groups.

4. Discussion
The prevalence of parent-reported food-related reactions.
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This study assessed the overall and regional prevalence of adverse food-related reac-
tions, such as allergies and hypersensitive reactions, among Croatian children aged 2 to
9 years, based on parent reports, and evaluations of their dietary habits compared to the
Mediterranean diet and their family’s socioeconomic status. The study revealed that 11%
of children in this age group had parent-reported food-related reactions. This prevalence is
consistent with the prevalence from other European countries, where self-reported food
allergy rates range from 6.5% in Greece to 24.6% in Poland [34]. The rise in reported food
allergies is partly due to increased diagnoses [35], confirming that food allergies are a
significant and growing public health concern in Croatia, consistent with broader European
trends [5,36].

Regional disparities in the prevalence of adverse food-related reactions and adherence
to the Mediterranean diet were observed. Higher adherence was noted in Croatian coastal
areas and urban centers such as the capital city. These regions, traditionally associated
with Mediterranean dietary patterns, also tend to have better socioeconomic conditions,
including higher parental education and household income, suggesting that socioeconomic
status influences both the awareness of food-related reactions and the adoption of a healthy
diet. Such differences likely reflect variations in environmental exposure, cultural food
practices, and population demographics [37,38].

Milk, eggs, and tree nuts were most commonly reported as food-related reactions, con-
sistent with European data [39,40]. These foods are known as allergens and are critical for
allergen labeling, early detection, dietary management, and public education, given their
nutritional importance as sources of essential nutrients. Avoidance without adequate manage-
ment can lead to nutritional deficiencies [40]. Given the burden of food allergies, identifying
common allergens is the key to prevention and support. National strategies should emphasize
early diagnosis and target nutrition and education, while ensuring allergen-safe, balanced
meals in schools and childcare to support healthy growth and well-being.

Adherence to the Mediterranean diet and its association with the socioeconomic status
of their parents.

Despite dietary restrictions due to food-related reactions, most studied children main-
tained an adequate energy intake. However, overall adherence to the Mediterranean diet
was generally moderate or low, which is consistent with prior studies documenting a decline
in Mediterranean diet adherence among children in Mediterranean countries, including
Croatia [22]. This trend is concerning given the Mediterranean diet’s well-established
health benefits, such as its anti-inflammatory and immunomodulatory effects [41,42]. For
children with food allergies, particularly those with multiple allergies, adherence to the
Mediterranean diet may offer protective nutritional benefits and support improved immune
function [26].

The study also revealed a link between adherence to the Mediterranean diet and family
socioeconomic status. Children from families with higher income levels, more educated
mothers, and employed parents were more likely to follow a Mediterranean dietary pattern.
This aligns with previous research showing that socioeconomic deprivation correlates with
poorer diet quality, including lower consumption of fruits, vegetables, and other Mediter-
ranean foods [43–46]. However, no statistically significant differences in maternal education
were observed across dietary adherence tertiles, possibly due to generally low adherence
within the sample studied but also due to the possibility that higher education may not
be accompanied by a higher socio-economic status at the same time. This suggests that
even highly educated mothers may face barriers in promoting or accessing Mediterranean
dietary practices for their children with food-related reactions. In this study, a higher
maternal education was the most important sociodemographic when predicting children’s
adherence to the Mediterranean diet. Children of mothers with higher education were
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almost twice as likely to follow healthier dietary patterns compared to children of mothers
with lower education. On the other hand, maternal employment and household income did
not show a significant association with children’s better adherence to the Mediterranean
diet, suggesting that economic resources alone are not sufficient to promote healthy eating
habits if they are not accompanied by knowledge, awareness and nutritional literacy. These
findings are in line with previous research that highlights that parental education, and espe-
cially maternal education, acts as a mediator between socioeconomic status and children’s
eating habits [47]. Higher levels of education are often associated with better knowledge
of dietary recommendations, greater awareness of the importance of a healthy diet, and a
greater ability to understand and apply health information [47,48]. Future public health
activities aimed at children with adverse food reactions should target communities of lower
socioeconomic status, where eating habits are often less favorable, and the availability of
healthy foods is more limited. Future research should explore why educational attainment
may not consistently bridge into healthier diets, including qualitative studies on family
habits, food marketing, and environmental factors.

The study showed that children with lower Mediterranean diet adherence were more
likely to be overweight or obese and consumed more ultra-processed foods and fewer
fruits and vegetables, indicating dietary imbalances that may contribute to excess weight
and impaired immune function and possibly aggravate adverse food-related symptoms.
These findings underscore the dietary benefits of the Mediterranean diet alongside lifestyle
factors such as regular meal patterns and moderate physical activity [20,49]. This supports
the well-established relationship between diet quality and childhood obesity, emphasizing
the Mediterranean diet’s preventive potential in managing obesity and improving overall
health outcomes [20]. While no statistically significant association between physical activity
and Mediterranean diet adherence was found, the more physically active children in this
study tended to exhibit healthier eating patterns. The results highlight the importance of
early dietary education and family-level interventions to promote healthier food choices
and lifestyles, especially for children with food-related reactions. Study findings reinforce
existing evidence of Mediterranean diet health benefits as a key priority in pediatric
public health strategies [21,50] and align with previous research linking Mediterranean
diet adherence to positive lifestyle factors, including better sleep quality, body image
satisfaction, and overall well-being [51].

Study Strengths and Limitations

Despite strengths like a nationally representative sample and the use of the validated
KIDMED index, this study has limitations. The cross-sectional design limits the ability
to draw causal inferences, and the use of parent-reported food-related reaction data may
introduce reporting bias, as the reactions were recorded regardless of clinical confirmation.
This limitation underscores the need for standardized, registry-based documentation of
adverse food-related reactions, allergies and intolerances in Croatian children to ensure
more accurate assessment and monitoring at the population level. The sample was drawn
from a nationally representative population, which was followed by a stratification method
according to the number of inhabitants. However, the relatively small number of partic-
ipants may limit the statistical power of the study’s findings, which highlights the need
for more extensive research and a broader clinical data assessment to validate the study’s
findings. Nevertheless, it provides the first consistent national data on the prevalence of
adverse food-related reactions and dietary habits of Croatian children following EFSA’s EU
Menu methodology.
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5. Conclusions
This study identifies significant nutritional challenges among Croatian children with

adverse food-related reactions, affecting approximately one in ten. Despite adequate energy
intake, children’s diets generally adhered to the Mediterranean diet to a low or moderate
degree. Socioeconomic disparities, particularly maternal education, employment status,
and household income, emerged as key determinants of diet quality, emphasizing the need
for equity-oriented, region-specific public health strategies to support children with adverse
food-related reactions. The use of tools such as the KIDMED index in adverse food-related
reaction management may facilitate early identification of children at risk of poor diet
quality and support timely, personalized interventions. Public health approaches should
integrate allergen-safe meal planning with culturally appropriate nutrition education,
while enhancing access to pediatric dietitians, especially in underserved regions. National
nutrition policies should be aligned with school-based health programs to support long-
term outcomes in vulnerable populations.
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Diet in Children and Adolescents in the Mediterranean and Continental Regions of Croatia. Coll. Antropol. 2022, 46, 21–27.
[CrossRef]

23. Castro-Rodriguez, J.A.; Garcia-Marcos, L. What are the effects of a Mediterranean diet on allergies and asthma in children? Front.
Pediatr. 2017, 5, 72. [CrossRef]

24. Rito, A.I.; Dinis, A.; Rascôa, C.; Maia, A.; Mendes, S.; Stein-Novais, C.; Lima, J. Mediterranean Diet Index (KIDMED) adherence,
socioeconomic determinants, and nutritional status of Portuguese children: The Eat Mediterranean Program. Port. J. Public Health
2019, 36, 141–149. [CrossRef]

25. Deng, S. Association of components of the Mediterranean diet with food allergies. Highlights Sci. Eng. Technol. 2024, 102, 179–183.
[CrossRef]

26. Panagiotou, E.; Andreou, E.; Nicolaou, S.A. The effect of dietary components of the Mediterranean diet on food allergies: A
systematic review. Nutrients 2023, 15, 3295. [CrossRef]

27. Massini, G.; Capra, N.; Buganza, R.; Vitello, M.; de Sanctis, L.; Guardamagna, O. Impact of Mediterranean diet adherence on
lipid profiles in pediatric primary dyslipidemia: Insights from the updated KIDMED score. Nutrients 2025, 17, 623. [CrossRef]
[PubMed]
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