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The transition to sustainable food systems and the achievement of SDGs 2 and 12 entails the adoption of sustainable consumption and production patterns, such as the Mediterranean diet. The Mediterranean diet and its impact on nutritional status and health have been the focus of recent research. The aim of this study was to investigate the associations between adherence to the Mediterranean diet, lifestyle, socioeconomic status, BMI (kg/m2), and age of children. The geographical area is the Metropolitan City of Bari (Apulia region, southern Italy), which is involved in the development of an effective food policy aimed at ensuring a sustainable food transition. An online survey was filled out by parents or guardians responsible for the dietary patterns of children between 2 and 15 years of age to collect data about their Mediterranean diet adherence through the Mediterranean Diet Quality Index (KIDMED) and sociodemographic features, food habits and lifestyles, and anthropometric variables. Descriptive statistics and k-means cluster analysis were applied for profiling children, contributing to identifying the main factors that might affect individual Mediterranean diet adherence. Four clusters were characterized, taking into account food habits and lifestyle index, socioeconomic index, children’s age, and body mass index (BMI). Results showed an association between low adherence to the Mediterranean diet and high prevalence of overweight and obesity in children. The factors positively associated with following an optimal Mediterranean diet adherence were the mother’s education level and level of income; skipping breakfast is linked to low adherence to the Mediterranean diet. Therefore, targeted strategies should be put in place to improve Mediterranean diet adherence among children, promoting healthy dietary habits.
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1 Introduction

The concept of food security has deeply evolved over time, starting from the first generally acknowledged definition by the World Bank (1986), “secure access at all times to sufficient food for a healthy life” (Allen, 1987). This concept has evolved to a more holistic approach (Fardet and Rock, 2014), involving nutritional aspects related to adequate intake of protein (Burd et al., 2019), energy, vitamins, and minerals (Livingstone et al., 2022) for all people over time (Fardet and Rock, 2014). The term “Food Security and Nutrition” takes into account, besides food availability and accessibility, the use and utilization of food (Clapp et al., 2022). Namely, food availability relates to physical affordability, quality, and assortment of food and access to retail (Durao et al., 2015); accessibility is related to financial resources, transportation facilities, and distances (Rajasooriar and Soma, 2022); use and utilization of food refers to variables strongly influenced by the socioeconomic status and lifestyles of consumers (Monterrosa et al., 2020; Amin et al., 2021) (e.g., level of knowledge about nutrition facts, food preferences and rejection, and time devoted to purchasing and preparation of foods) (Godrich et al., 2017). Several studies (Burchi and De Muro, 2016; Bertoni et al., 2023) highlighted the importance of considering the broader meaning of food security; the acknowledgment of a strong tie between food and health requirements led to consider nutrition as an essential component of food security, merging both notions in the term “food security and nutrition” (FAO, 2021). However, a bunch of recent events threatened food and nutrition security worldwide, such as the COVID-19 pandemic (Zollet et al., 2021), the current Russia–Ukraine war (Ben Hassen and El Bilali, 2022; Nasir et al., 2022), and the Israeli–Palestinian conflict (Bar-Nahum et al., 2020), worsening food insecurity and nutrition (Lin et al., 2022). However, current agri-food systems have to shift toward sustainable food systems and diets to tackle this stress scenario (Agriculture and Economic Development Analysis Division, 2006; Hwalla et al., 2016). Furthermore, the efficiency of agri-food systems plays a major role in guaranteeing food security and nutrition (Ruiz-Almeida and Rivera-Ferre, 2019).

On this matter, the Mediterranean diet (MD) is considered a strategic resource to deal with the challenges affecting the Mediterranean region (Antonelli and Donelli, 2022) and to achieve SDGs 2 (Zero Hunger) and 12 (Responsible Consumption and Production) (Barros and Delgado, 2022) because it is widely recognized as a lever for sustainable consumption and production and for the adoption of healthy and sustainable lifestyle (Biasini et al., 2021; FAO, 2021) due to its emphasis on consumption of local, seasonal, and minimally processed food products favoring biodiversity (Mattas et al., 2023), traditional, and eco-friendly food products (Donini et al., 2016; Truzzi et al., 2020). The term Mediterranean diet pattern was initially defined in 1975 by Ancel Keys based on the traditional eating habits of people after the Second World War from countries of the Mediterranean basin (Keys et al., 1986); it was specific to Crete, a significant area of Greece and Southern Italy (Caprara, 2023). The MD is characterized by a nutritional model based on a high intake of fresh or dried fruits, vegetables, and cereals and a low-to-moderate intake of fish, meat, and dairy products (Davis et al., 2015; Serra-Majem et al., 2019); extra-virgin olive oil is mainly used as a condiment (Mazzocchi et al., 2019). It has been demonstrated that these dietary components are beneficial for countering the risk of developing several diseases, improving physical and mental health (Cena and Calder, 2020), and increasing life expectations (Martínez-González and Sánchez-Villegas, 2003; Bach-Faig et al., 2011).

Recent studies have confirmed numerous benefits of MD for children and adolescents (Rosi et al., 2019). In light of this evidence, a growing number of studies (Riolo et al., 2022; Arangia et al., 2023) have suggested the importance of implementing health promotion interventions in primary school settings (Aureli and Rossi, 2022). Despite these recognized benefits, there was a gradual abandonment of the Mediterranean diet (Cavaliere et al., 2018) among “vulnerable population” (Papadaki et al., 2023), such as children and adolescents (Leidy and Gwin, 2020; Aureli and Rossi, 2022; Zielińska et al., 2022); indeed, in this period, many factors influenced their eating habits (De Santi et al., 2020). This has been partly attributed to the globalization process through the widespread diffusion of Western-type dietary models (Azzam, 2021). The transition towards a Western diet has led to a high prevalence of overweight and obesity in countries supposed to adopt a traditional MD (Tsakiraki et al., 2011; Lacirignola et al., 2015; Grosso et al., 2017; Archero et al., 2018). On this matter, this phenomenon has affected not only the non-Mediterranean countries (Fernando et al., 2013; Sedaghat et al., 2019) but also those of the Mediterranean (Van Stralen et al., 2014; Beets et al., 2015; Pietrobelli et al., 2017; Arcila-Agudelo and Torres-Fernàndez, 2019; Mounayar et al., 2019; Grassi et al., 2020; El Hajj and Julien, 2021; Spinelli et al., 2021; Bibiloni et al., 2022), including the Italian young (Schröder et al., 2013; Rangelov et al., 2018; Maher et al., 2019).

In recent decades, the adherence to the Mediterranean diet (AMD) of adolescents has been adopted in Europe as a criterion for assessing their diet pattern (Mohammadi et al., 2022). Many scientific studies in several Mediterranean countries (Grams et al., 2022) have applied the “Mediterranean Diet Quality Index for Children and Adolescents” (KIDMED) as an effective approach to evaluate the adherence to MD in people between 2 and 24 years of age and developed by Serra-Majem et al. (2004).

Thus, the current study aimed to investigate the associations among children’s MD adherence, lifestyle, socioeconomic status, BMI (kg/m2), and age in a convenience sample of Apulian children aged 2 to 15 years. MD adherence was evaluated through the implementation of the KIDMED score index. The lifestyle index included components concerning physical activity status and sedentary behavior, eating at the school canteen, and food rejection. The socioeconomic index considered aspects concerning family income, parental education, and household composition. A k-means cluster analysis was applied to a set of indexes for profiling children and adolescents concerning their dietary behaviors and lifestyles, contributing to identifying the main factors that might affect individual MD adherence.

The geographical area considered in this research is the Metropolitan City of Bari (MCB), Apulia region (southern Italy), which is one of the cities involved in the FoodShift 2030 EU project (FoodSHIFT 2030, 2016) funded by the EU Horizon 2020. The innovative project’s approach focuses on supporting innovation toward a fast transition of the European food system by 2030 to address the pressing challenges for food and nutrition security, as well as to promote sustainable food diets (FoodSHIFT 2030, 2023). The Metropolitan city of Bari has drafted the “Manifesto for Sustainable Food Transition” (Ciba, 2023) as part of the FoodShift 2030 EU project toward the achievement of these targets and to foster the institutionalization of an effective food policy of the MCB.

This is the first study, to the best of our knowledge, attempting to classify children into different groups based on their food habits, sociodemographic characteristics, and lifestyle. The segmentation and profiling of these children could provide tangible actions to guide policymakers toward an effective food policy of the MCB and to advise effective long-term measures aimed at ensuring safe, healthy, sustainable, and nutritious food for vulnerable populations, such as children and adolescents.

This study adds to this field of research by exploring the relationship between healthy behaviors and adherence to MD in children and adolescents in a specific urban area. In addition, based on recent evidence, it emphasizes the crucial role of socioeconomic, anthropometric, and lifestyle variables in affecting food choices. The analysis sheds light on the role of unhealthy dietary behavior acquired during infancy that often consolidates into adulthood, generating overweight, inappropriate intake of key nutrients, and health issues.



2 Materials and methods


2.1 Data collection

Data were collected through a voluntary online survey administered from September to December 2022, addressed to parents or guardians responsible for the dietary patterns of children between 2 and 15 years of age living in the Metropolitan City of Bari (MCB). The validity and reliability of the survey were preliminarily tested according to a pilot study coordinated by the research group and involving a small group of children’s parents or their guardians. The survey was disseminated through social networks (e.g., WhatsApp, Facebook, and LinkedIn) and took approximately 15 min to fill out. Written informed consent was collected by participants in accordance with the national ethical requirement “Personal Data Protection Code” (D.L. no. 196/2003). The survey included a preface to inform about the objective of the study and the benefits of the MD on human health. The first part of the survey aimed to investigate MD adherence through the KIDMED questionnaire, while in the second part, the respondents were asked about their sociodemographic features, food and lifestyle habits, and children’s anthropometric information. Participants were recruited among parents or their guardians who were asked to share the empty questionnaire with acquaintances dealing with children and to fill in all fields. Through the snowball techniques, a convenience sample was obtained: it is not representative of the whole Italian population, but the method was considered effective in collecting a relevant amount of data in a brief period of time (Victoria-Montesinos et al., 2023). Moreover, data collection is less expensive than data detection carried out through other sampling methods (Bimbo et al., 2022). The final eligible sample consisted of 196 participants.



2.2 Questionnaire

The questionnaire was divided into two segments: the first part of the survey aimed to assess the MD adherence of children; meanwhile, the second part aimed to collect information on sociodemographic characteristics, food and lifestyle habits, and anthropometric measures. The KIDMED was applied to assess the MD adherence of the study sample. Indeed, this is a tool widely used to measure MD adherence in children and young people (Serra-Majem et al., 2004). It can be self-administered or conducted by interviewers (e.g., pediatricians and dietitians) (López-Gajardo et al., 2022). KIDMED consisted of 16 questions, 12 of which denoted positive connotations with respect to MD adherence, and 4 denoted negative aspects. Questions with a negative connotation were assigned a score of –1 (e.g., “takes sweets and candy several times every day”), while those with a positive connotation were assigned a score of +1 (e.g., “takes a fruit or fruit juice every day”) (Table 1). The index of MD adherence was calculated as the sum of each answer and ranged from −4 to 12 (Kontogianni et al., 2010), and it enabled to classify the adherence to MD as follows: i) ≤3, poor MD adherence; ii) 4 – 7, medium MD adherence; and iii) ≥ 8, high MD adherence. The second part of the survey aimed to collect information about the sociodemographic features of children and their families, including children’s age and gender (Maher et al., 2019), household monthly income, and whether both parents are employed (Marventano et al., 2018; Cardamone et al., 2023). Then, this survey gained information concerning the food and lifestyle habits of children. In particular, the items concerning food habits (Archero et al., 2018) were consumption frequency of cured meat (Hemeryck et al., 2022), carbonated and soft drinks (Lopez et al., 2012), street food, as well as the frequency of meals at restaurants or pizzerias (Archero et al., 2018; Penne and Goedemé, 2021; Bimbo et al., 2022; López-Gajardo et al., 2022). Further food habits explored were the occurrence of lunch at the school canteen (Lopez et al., 2012; Hemeryck et al., 2022), the presence of food intolerances or allergies, and food rejection. Finally, this survey collected information about the lifestyle habits (Hoffmann et al., 2018; Jia et al., 2021). In particular, the practice of sports and outdoor group activities was investigated by asking parents if their child did these activities for at least 60 min in the previous week (NeffatRIi et al., 2004; Penne and Goedemé, 2021). Other lifestyle habits explored were daily hours watching TV (including YouTube or similar services on smart TV, DVDs, and other types of entertainment) (Cohen et al., 2021; Penne and Goedemé, 2021) and family’s knowledge about the health benefits arising from the adoption of MD (Au et al., 2018; Spinelli et al., 2021).



TABLE 1 KIDMED questions to assess the MD adherence.
[image: Table1]



2.3 Survey design

A healthy lifestyle index, i.e., the KIDMED score index, was established through the total scores of KIDMED questions to evaluate the MD. KIDMED score index was assigned to KIDMED-score ≥ 8, suggesting an optimal adherence to the MD; score 1 to KIDMED score 4–7, suggesting an average adherence to the MD and score 0 to KIDMED-score ≤ 3, suggesting a low adherence to the MD adherence (Serra-Majem et al., 2004; Katsagoni et al., 2020). A socioeconomic index was generated through the average sum of the total scores of the following variables: gender, father’s age, mother’s age, father’s education level, mother’s educational level, both parents’ employment, and monthly household income. Then, the socioeconomic index was evaluated through the assignment of three classes: low (score = 1), medium (score = 2), and high (score = 3). A lifestyle index was generated through the average sum of the total scores of the following variables: regularly playing sports, no. of hours daily spent watching TV, no. of hours daily using pc and videogames, outdoor group activities, informed on the benefits of the MD, food rejection, school canteen, purchase frequency of carbonated and soft drinks, consumption frequency of ready-to-eat food, and frequency of meals at restaurants or pizzeria. Then, the lifestyle index was evaluated through the assignment of four classes: inadequate (score = 1), low (score = 2), appropriate (score = 3), and optimum (score = 4). The anthropometric measurements, including weight and height, were measured and carried out by parents. Body mass index (BMI) was calculated by dividing weight (kg) by height squared (m2) for all children. Then, children were classified as normal weight, overweight, and obese based on the World Health Organization (WHO) age and sex-standardized BMI percentiles (De Onis, 2007; Mohammadi et al., 2022).



2.4 Statistical analysis

Data were submitted to two types of analyzes using IBM/SPSS software (version 21). First, a descriptive analysis was carried out to describe the sample. Data were expressed as means ± standard deviations (SD) for continuous variables and as numbers/percentages for categorical variables. Then, a multivariate analysis, K-means clustering based on the indices described above, BMI (kg/m2), and age class was carried out. In this research, four clusters proved to be the optimal number to avoid drawbacks (Callieris et al., 2016). Furthermore, the following variables: “monthly household income,” “mother’s education,” and father’s education” concerning the socioeconomic index, and the following variables: “food rejection,” “school canteen,” and “regularly play sport” concerning lifestyle index were considered for the k-means cluster analysis. Indeed, these variables influenced MD adherence, as highlighted in recent scientific literature.

Cluster analysis was frequently used in exploratory data analysis as data mining techniques (Vandeginste et al., 1998). Specifically, there are various techniques through which clusters have been produced, such as K-mean (Herman et al., 2022). K-mean cluster analysis was applied in this research; it is a typology of a hard partitioning algorithm (Weatherill and Burton, 2009). According to Duda and Hart (Duda and Hart, 1973), this specific algorithm splits the data set into K-clusters, so that K-clusters are as separated as possible in which each observation belongs to the cluster with the nearest mean. This aggregation occurs through an iterative process (Javadi et al., 2017). Furthermore, the distances between the current data vector and each of the centroids are computed, identifying the cluster whose centroid is closest to the current data vector (Javadi et al., 2017). The first step of this method is based on the calculation of the centroids for each cluster (K rows chosen at random) (Jain and Dubes, 1988; Park and Choi, 2022; Das et al., 2023). Subsequently, the randomly selected K objects from the data set occur as the initial cluster centers, and each data point is given to its closest centroid through the Euclidean distance. Furthermore, for each of the K clusters, the cluster centroid is updated by calculating the new mean values of all the data points in the cluster. Finally, it should iterate the last steps until the cluster assignments stop changing or the maximum number of iterations is reached (Miolla et al., 2023).




3 Results


3.1 Sample description

Table 2 displays the characteristics of the participants, relying on the following variables concerning their sociodemographic characteristics: age, gender, monthly household income, both parents employed, one child, parental education, and parental age. Additional, food habits than those already considered, lifestyle, and healthy variables were described. Finally, weight, height, and body mass index were described. Regarding the sociodemographic characteristics, more than half of respondents (64.8%) were 6–10 years old and male (53.6%). Moreover, respondents were almost equally distributed into the low-middle level of monthly household income, specifically between 1,000 and 2,000 € (38.8%) and 2,100 and 3,200 € (38.8%). Most of the respondents (72.4%) declared to have more than one child in the household. Furthermore, fathers were almost equally distributed into medium-high education levels, specifically between education high school 43.4 and 45.4% graduate or postgraduate. Additionally, most of the respondents declared that more than half of mothers (57.7%) were graduates, and less than half of respondents (36.7%) declared to have mothers with a high school degree. Finally, most of the respondents (73.6%) declared that only one parent was employed. As far as food habits, most of the respondents (69.6%) declared the consumption of cured meat at least once a week; instead, only 10.2% of respondents claimed they never consumed this foodstuff. Moreover, respondents showed an almost equal distribution of consumption of carbonated and soft drinks between never (44.9%) and less than once a week (44.9%). Furthermore, 41.5% of respondents declared to eat street food less than once a week. In addition, about half of the children (51.0%) did not have lunch at the school canteen. Less than half of respondents (41.3%) declared consuming meals at restaurants or pizzerias less than once a week. Finally, 87.8% of children did not show food intolerance or allergies, but 63.7% declared food rejection. The results about the lifestyle indicators showed that 75.0% of children did both outdoor group activities and sports regularly. Moreover, about half of respondents (53.4%) declared that their children watch TV between 1.5 and 3 h daily, while 41.5% up to 1 h daily. Finally, most of the respondents (91.2%) declared their knowledge of the health benefits of the MD. Moreover, the mothers’ age was on average of 39.8 ± 8.6 years and the fathers’ age was on average of 43.6 ± 9.3 years. As far as anthropometric assessments, the height (cm) of children was on average 129.0 ± 20.0; furthermore, the weight (kg) of children was on average approximately 31.4 ± 12.3 and body mass index BMI was on average 20.4 ± 3.8.



TABLE 2 Descriptive statistics of the participants according to sociodemographic characteristics, further food habits and lifestyle variables, and body mass index (BMI).
[image: Table2]

MD adherence was calculated through the KIDMED questionnaire (Table 1). Table 3 shows the responses to the questions considered by KIDMED and the subsequent classification into three classes of MD adherence. More than half of respondents (57.5%) showed a medium adherence. Regarding food habits concerning plant-based food and vegetables, a good share of respondents (83.4%) declared that their children are used to consuming one fruit or fruit juice every day, but more than half of children (51.0%) declared not to eat a second serving of fruit; moreover, most children (89.8) declared not to consume fresh or cooked vegetables more than once a day; a substantial share of participants (91.3) declared that their children not attended fast food less than weekly. Furthermore, most respondents (81.6%) declared that their children eat pulses more than once a week, and 92.9% said they eat pasta or rice five or more times per week. A substantial share of respondents (86.7%) declared that their children do not skip breakfast; additionally, commercially baked goods or pastries for breakfast are preferred by 76.5%. Most respondents (72.0%) declared that children are not accustomed to consuming nuts regularly; the most frequent habit was the use of olive oil for seasoning meals at home by 96% of respondents, and the frequent consumption of sweets and candy is declared by 60.6% of parents.



TABLE 3 Responses to the KIDMED questionnaire (Mediterranean Diet Quality Index in Children and Adolescents) for the total sample.
[image: Table3]

Figure 1 displays the distribution by age of participants into three categories of degree of adherence to the MD, according to the score obtained on the KIDMED index. A significant share of toddlers (from 2 to 5 years old), 75%, showed a medium adherence to the MD, compared to kids (53%) and children (46%). Furthermore, children (from 6 to 10 years old) showed poor adherence to the MD, a higher proportion of the sample (37%), than kids (23%) and toddlers (4%). Additionally, kids (from 11 to 15 years old) showed a high adherence to the MD, a higher share of proportion (24%), than children (17%) and toddlers (21%). Finally, more than half of the participants (57%) showed a high adherence to the MD, and the rest of the sample was distributed almost equally between poor adherence (20%) and high adherence (22%).

[image: Figure 1]

FIGURE 1
 Adherence to MD by age class (children from 2 to 15 years old). toddlers, from 2 to 5 years old; kids, from 6 to 10 years old; children, from 11 to 15 years old.




3.2 Cluster analysis

According to the KIDMED score index, Lifestyle index, Socioeconomic index, BMI (kg/m2), and age, a four-cluster solution emerged as the optimum for k-means clustering. Table 4 displays the variables taken into account in the analysis and their distance from the final cluster centers; indeed, the final centroid values enabled us to determine the “labeling” of the clusters and thus the assignment of the children to a specific cluster. The following four clusters were identified: (2) the “normal weight and healthy”; (1) the “obese and unhealthy”; (3) “the overweight and lazy”; and (4) “the underweight and picky.” Cluster 1 was represented by MCB children with high adherence to MD (score ≥ 8 = high MD adherence); indeed, they showed the highest average score (8.0). In accordance, they showed a lifestyle index ranging from appropriate to optimum, with the highest score (3.2) compared to the other clusters. Indeed, MCB children of this cluster proved a medium-to-high socioeconomic status (2.4) and BMI (kg/m2), with an average score of 16.5. Finally, children had an average age of 7 years. Cluster 2, instead, was represented by MCB children with low adherence to MD; however, it presented an optimal lifestyle, with a medium-to-high score (3.0) and medium-to-high socioeconomic status (2.3). In line with their score of poor adherence, they showed a high BMI (kg/m2) (31.4). Finally, cluster 2 children presented an average age of 9 years.



TABLE 4 Variable and their distance from the final cluster centers.
[image: Table4]

Cluster 3 was represented by MCB children with a medium adherence to MD (4), optimal lifestyle (2.3), and medium-to-high socioeconomic status (2.3) as for cluster 2 children. However, they showed a BMI (kg/m2) average score of 19.2 and an average age of 10.1 years. Finally, cluster 4 was represented by MCB children with a medium adherence to MD (5.0), an appropriate lifestyle index (2.7). Moreover, they showed a medium-to-high socioeconomic status (2.4) for Cluster 1, but BMI (kg/m2) was definitely low, particularly an average score of 14.9; finally, cluster 4 children presented an average age of 6.4 years.

Four clusters of MCB children were profiled according to food habits and lifestyle index, socioeconomic index, children’s age, and BMI. Figures 2–5 display the profiles of children according to each cluster concerning the indices listed above and show the average of the scores for each index, categorized by classes. Table 5 shows the profile of consumption of each cluster, considering every compound of the KIDMED. Moreover, Table 6 displays the differences in terms of sociodemographic characteristics and physical and lifestyle measures between the four cluster solutions.

[image: Figure 2]

FIGURE 2
 Radar chart showing the scores of “the Normal weight and healthy.”
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FIGURE 3
 Radar chart showing the scores of “the Obese and unhealthy.”


[image: Figure 4]

FIGURE 4
 Radar chart showing the scores of “the Overweight and lazy.”


[image: Figure 5]

FIGURE 5
 Radar chart showing the scores of “the Underweight and picky.”




TABLE 5 Percentage of individuals who answered affirmatively to the different items of the Mediterranean Diet Quality Index in children and adolescents (KIDMED) by cluster.
[image: Table5]



TABLE 6 Percentage of individuals who answered the different variables concerning socioeconomic index and lifestyle index.
[image: Table6]


3.2.1 The normal weight and healthy

The first group of children, identified as Cluster 1 and labeled as “the normal weight and healthy,” is composed of 59 children. It includes mainly children with an average age of approximately 7 years. According to established cutoffs of the KIDMED, Cluster 1 would have a high adherence to the MD; indeed, it showed the highest KIDMED score (Amin et al., 2021). The definition of “healthy” is mainly due to the tendency to observe the MD and optimal lifestyle. These aspects are reflected in the BMI (kg/m2) value; indeed, 64.4% of children are normal weight and only approximately 17% of them are overweight. Cluster 1 showed the highest proportion of individuals who consumed plant-based food, especially fruits daily (97 %) and vegetables daily (75 %). Furthermore, the highest proportion of children (93%) consumed pulses regularly, and seafood dishes (80%) and pasta or rice almost daily (95%). Finally, Cluster 1 showed the lowest proportion of children (3%) who skipped breakfast; indeed, more than half of children (57%) stated eating dairy products for breakfast. Furthermore, most of the children (69.5%) showed a high monthly household income (above 3,200 €/monthly), and less than half of individuals (23.7%) declared that the household included only one child. Moreover, children of cluster 1 have both highly educated parents; indeed, most of half of the children (55%) have a mother and father (42 %) with a high education level (graduate or postgraduate). Children of Cluster 1 declared that they regularly play sports (80%); finally, more than half of the children (66%) declared to consume meals at the school canteen, and about half of the children of Cluster 1 (50%) not declared to show food rejection.



3.2.2 The obese and unhealthy

The second group of children, identified as Cluster 2 and labeled as “the obese and unhealthy,” is composed of three children. It includes mainly children with an average age of approximately 9 years. According to established cutoffs of the KIDMED, Cluster 2 showed poor adherence to the MD; indeed, the resulting KIDMED score is the lowest (Livingstone et al., 2022). The socioeconomic index demonstrated a favorable situation regarding household composition and income and parents’ education, but the lifestyle index resulted in excellent only for one child and low or adequate for the others. The label “unhealthy” is mainly due to the unwillingness to adhere to the MD. Cluster 2 showed the lowest proportion of individuals who consumed plant-based food, notably fruits daily (33%) and vegetables daily (33%). Moreover, all children in Cluster 2 declared consuming seafood dishes at least 2–3/week (100%) and pulses >1/week (100%); over half of the children (67%) consumed pasta or rice almost regularly while displaying a low adherence to the MD. Moreover, Cluster 2 showed the highest proportion of children (67%) who attended fast-food restaurants more than once a week and skipped breakfast (67%). Finally, the “the obese and unhealthy” included the highest proportion of children (67%) who consume sweets and candy several times a day. Moreover, children of cluster 2 (66.7%) showed a medium monthly household income (between 2,100 and 3,200 € monthly), and more than half of individuals (66.7%) declared that the household included more than one child. Moreover, children of cluster 2 have both medium-educated parents; indeed, almost half of the children (66.7%) have a mother and father with medium education level (high school). Furthermore, more than half of the children (66.7%) declared that they regularly play sports, contrary to their unhealthy food habits. Finally, all children of Cluster 2 declared that they do not attend school canteen, and food rejection occurs in one-third of the children (33%).



3.2.3 The overweight and lazy

The third group of children, identified as Cluster 3 and labeled “the overweight and lazy,” is composed of 52 children. It includes children with an average age of approximately 10 years. According to established cutoffs of the KIDMED, Cluster 3 showed poor adherence to the MD; indeed, the resulting KIDMED score is the lowest (Livingstone et al., 2022) as Cluster 2. Moreover, children of Cluster 3 resulted in normal weight for 53.8%, overweight for 40.4%, and underweight for 5.8%. The socioeconomic index demonstrated a favorable situation as Cluster 2; indeed, Figure 3 displays a socioeconomic index score of 3 (between medium and high levels) and the lowest lifestyle index score (2.4). The label “the lazy” is mainly due to their lack of constancy to playing sports, compared to children from the other clusters; this group showed a higher proportion of individuals who consumed plant-based food, notably fruits daily (69%), and the lowest proportion of children who consumed second serving fruit daily (29%) and vegetables >1/day (6%). Moreover, Cluster 3 showed the lowest proportion of children who consumed seafood dishes at least 2–3/week (25%) and pulses >1/week (75%); Cluster 3 showed the highest proportion of children who consumed pasta or rice almost regularly (90%). Moreover, Cluster 3 showed the highest proportion of children (60%) as Cluster 2, who attended fast-food restaurants more than once a week; furthermore, it showed the lowest proportion of children as Cluster 2, who skipped breakfast (21%). Finally, the “lazy” included the highest proportion of children (85%) who consume commercially baked goods or pastries for breakfast. Moreover, less than half of children (38.5%) showed a medium monthly household income (between 2,100 and 3,200 € monthly), and more than half of individuals (76.9%) declared that the household includes more than one child. Moreover, children of cluster 3 have both medium-to-high educated parents; indeed, more than half of the children (53.8%) have a mother with a high education level (graduate or postgraduate) and a father with a medium education level (high school) for 44.2% of children. Furthermore, less than half of children (30.8%) declared that they regularly play sports. Finally, less than half of the children (23.1%) of Cluster 3 declared that they would attend school canteen, and food rejection occurs in more than half of the children (65.4%).



3.2.4 The underweight and picky

The fourth group of children, identified as Cluster 4 and labeled as “the underweight and picky,” is composed of 82 children. It includes mainly children with an average age of approximately 6 years. According to established cutoffs of the KIDMED, Cluster 4 would have a medium adherence to the MD; indeed, it showed a KIDMED score of 5.

The definition of “picky” is mainly due to the tendency of children of Cluster 4 to food rejection. This aspect is reflected in BMI (kg/m2) value; indeed, more than half of the children (51.2%) were in normal weight; but a significant proportion of children (42.7%) were underweight; only approximately 4.9% of them were overweight and obese (1.2%). Cluster 4 showed the highest proportion of individuals who consumed plant-based food, especially fruits daily (97%) and vegetables daily (44%) as Cluster 1. Furthermore, more than half of children (77%) consumed pulses regularly, but less than half of children (38%) consumed seafood dishes, and almost all children (95%) consumed pasta or rice almost daily; moreover, more than half of children (57%) attended fast-food restaurants more than once a week. Cluster 4 showed the highest proportion of children (87%) who skipped breakfast, and more than half of the children (80%) stated eating commercially baked goods or pastries for breakfast. Finally, half of the children (50%) in Cluster 4 declared consuming sweets and candy several times a day. Moreover, less than half of children (41.5%) showed a low monthly household income (between 1,100 and 2,000 €) and medium monthly household income (between 2,100 and 3,200 € monthly) for 40.2% of children; more than half of individuals (67.1%) declared that the household includes more than one child. Moreover, children of cluster 4 have both highly educated parents; indeed, more than half of the children (53.7%) have a father with a high education level (graduate or postgraduate) and 62.2% of children have a mother with a high education level. Furthermore, almost all children (74.4%) declared that they regularly play sports. Finally, more than half of the children (54.9%) in Cluster 4 declared to attend school canteen, and food rejection occurs in almost all children (74.4%).





4 Discussion

In the present study, we investigated the association between overall adherence to MD and its components with a health indicator as BMI (kg/m2), as well as socioeconomic and lifestyle indexes. To the best of our knowledge, this is the first study to analyze the association of adherence to the MD and these components in MCB children using K-means cluster analysis. The indexes were developed as a tool based on several lifestyle and socioeconomic factors that could effectively assess the associations with adherence to MD; however, our results highlighted that higher adherence was not associated with the socioeconomic and lifestyle indexes with the single variables considered. The findings for the MCB children confirm the need to increase adherence to the MD pattern in this study population: 57.6 and 20.4% of children showed poor and medium adherence, respectively. This result is in line with some research in Italy (Rosi et al., 2020) that obtained medium levels of adherence in the children population. In detail, the overall results confirm that poor MD adherence is greater in older children; indeed, they are less inclined than younger to follow the dietary pattern correctly, in accordance with several studies conducted among the Italian population (Germani et al., 2014; Benedetti et al., 2016; Roma et al., 2020; Biasini et al., 2021; Antonelli and Donelli, 2022; Scarpato et al., 2022). Such results are aligned with other studies focused on adolescents (Leone et al., 2017; Dinu et al., 2021) and even younger individuals (Binkin et al., 2010; Roccaldo et al., 2014). In particular, a tendency to reduce fruit consumption in favor of more processed and less healthy foods is observed with increasing age due to the increase in the phenomenon of Western dietary patterns (Vitale and Getzin, 2019; Chung et al., 2021). Furthermore, the results showed that children of families with high levels of monthly income showed a high MD adherence in line with the previous research (Cavaliere et al., 2019), which found that this level of income is correlated to high adherence to the MD. In the same way, a recent study (Rubini et al., 2022) highlighted that low income was combined with poor MD adherence. Moreover, children with high adherence play sports regularly; indeed, these findings are in line with the previous research (Aine et al., 2022) since they highlighted the association between a good dietary pattern and proper time spent doing physical exercise. Furthermore, the results showed a high percentage of children who skipped breakfast; on the other hand, several studies performed on the Italian and foreign population highlighted various percentages, in particular around 14 and 20% (Deshmukh-Taskar et al., 2010; Lazzeri et al., 2014; Ferranti et al., 2016; Rosi et al., 2020). In line with our results, previous studies found an inverse association between adherence to the MD and the prevalence of overweight and obesity in children from the Mediterranean countries of the European Union (Agnoli et al., 2018; Kanellopoulou et al., 2021), but one early study showed a different outcome (Bučan Nenadić et al., 2021). Furthermore, such findings are aligned with other investigations focused on Spanish adolescents that observed a BMI of children and adolescents equal to underweight (17%) and normal weight (69%); however, national data showed different results; indeed, 3 and 81% of adolescents are underweight and normal weight, respectively (Lazzeri et al., 2014). In line with our results, maternal maximum educational level was positively associated with an optimal adherence to MD in children and adolescents (Bibiloni et al., 2022). As reported above for the sample of children with poor MD adherence, the scientific literature suggests that a higher level of income fosters a better adherence to MD. In this regard, the reduction of socioeconomic inequalities and the development of focused policies favoring the affordability of healthy foods for every social class may foster the adoption of healthier food behavior and sustainable food transition (Kontogianni et al., 2008; Grao-Cruces et al., 2014). Previous studies showed a strong association between diet adequacy and socioeconomic features (Martínez et al., 2010). In agreement with this evidence, some scholars found that 15 out of 20 studies providing appropriate data observed a significant correlation between higher MD adherence and socioeconomic features (Iaccarino Idelson et al., 2017). Regarding physical activity, our results were in contrast with the literature that showed a positive association between physical activity and other healthy lifestyle habits, such as an adequate diet and good BMI (Patrick and Nicklas, 2005; Wittmeier et al., 2008; Llargues et al., 2011; Arcila-Agudelo and Torres-Fernàndez, 2019; Bibiloni et al., 2022), as well as adherence to the MD (Iaccarino Idelson et al., 2017). Moreover, the results showed an association between poor adherence and the number of meals eaten outside of the home (e.g., street food) and at pizzerias or restaurants, which are potential factors for an increase in body weight, in line with some scholars (Marventano et al., 2018). This finding was also in agreement with other studies that showed that children and adolescents who regularly ate meals at home had healthier eating (La Fauci et al., 2020). Moreover, in accordance with the results of some scholars (Grassi et al., 2020), Italian children consume, on average, few portions of pulses as well as high quantities of sweet drinks and red or processed meat. Finally, our results showed greater adherence to MD and attendance at the school canteen. In line with the results of some scholars (Rico-Sapena et al., 2019), the percentage of students with optimal diets was higher than those who did not consume healthy meals at the school canteen (Lawlis et al., 2017). Finally, the overall findings support the need to implement actions that contribute to increasing adherence to MD in children and adolescents who live in MCB.



5 Conclusion

The results and reflections of this study are intended to contribute to the academic debate on the phenomena of food security and nutrition in MCB. The present research investigated MD adherence in a convenience sample of children residing in the Metropolitan City of Bari (MCB), in association with food and lifestyle habits and anthropometric and sociodemographic variables, and shows the relationship between health indicators, such as BMI and adherence to MD. The cluster analysis showed the characterization of children, taking into account the indexes and variables considered into four clusters with different features. The overall results showed an association between low adherence to MD and high prevalence of overweight and obesity in children. The factors positively associated with following optimal MD adherence were the mother’s education level and level of income; furthermore, skipping breakfast is linked to low adherence to MD. Furthermore, the overall results showed a medium adherence to MD, which demonstrates that this dietary pattern is still recognized in Italian as a model of dietary sustainability. However, the results also display a transition of children to unhealthy and unsustainable diet patterns.

This study is a contribution to identifying effective measures for the institutionalization of Food Policy 2030 of the Metropolitan City of Bari (MCB). The results of this research support the need to design food education activities and implement interventions for promoting healthy habits and lifestyles through a multilevel approach involving the family and school. The proposed approach may also be used by municipal policymakers to identify target strategies to direct public funding in increasing MD adherence and improving food security and nutrition in urban areas.

However, this study is not free of some limitations. The main shortcoming is related to socioeconomic and lifestyle indexes. The construction of these indexes was not effective in profiling children through the k-means technique; indeed, the consideration of multiple variables in a single index has led to a balance between the values of the individual variables. However, the current indexes are limited by subjectivity in selecting components and scoring systems. Furthermore, another limitation of the present study is the relatively small sample size recruited in an urban restrictive area that is not deemed representative of Italian children. Additionally, it is worth considering the particularly low participation rate; under this circumstance, the sample size might have returned false negative results due to the lack of statistical power; indeed, the results cannot be generalized to the Italian population.

Further long-term research must first concern the extension of the analysis to a wider audience of consumers appropriately differentiated to grasp the different dynamics that characterize different geographical areas. Moreover, it would be worthy to further study the deepening of how and to what extent healthy eating habits acquired in childhood may result in more aware food consumption habits lasting in adulthood. The results of the analyzes will provide the basis for defining policy interventions for fostering children’s adherence to the Mediterranean diet model, as it is demonstrated to be healthy and sustainable.
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Socioeconomic variable Cluster 1 (n = 59) Cluster 2 (n =3) Cluster 3 (n =52) Cluster 4 (n = 82)

Monthly household income [Income]

Below 1,000 € (1] 34 00 19 24
Between 1,100 and 2,000 € [2] 271 66.7 346 415
Between 2,100 and 3,200 € (3] 373 333 385 402
Above 3,200 € [4] 322 00 250 159
One child [child]

No [0] 763 66.7 769 67.1
Yes [1] 27 333 231 329

Mother’s education level [Edu]

Compulsory school [1] 85 00 38 49
High school (2] 356 66.7 423 329
University degree or postgraduate (3] 559 333 538 622

Father’s education level [FEdu]

Compulsory school [1] 85 00 192 85
High school (2] 492 66.7 442 37.8
University degree or postgraduate [3] 24 33 365 537
Lifestyle variable

Regularly play sport [Sport]

No 0] 203 333 692 256
Yes [1] 797 667 308 744
Lunch at school canteen [Canteen]

No (0] 339 1000 769 451
Yes [1] 6.1 00 231 549
Food rejection [Rejection]

No 0] 92 66.7 346 268
Yes [1] 508 33 654 732
Health variable

BMI (kg/n’) [BMI]

Normal weight [Normal] 644 00 538 512
Overweight [Over] 169 00 404 49
Obese [Obese] 17 1000 00 12
Underweight [Under] 169 00 58 427

The codes are in square brackets.
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Cluster 1 Cluster 2 Cluster 3 Cluster 4

KIDMED items

(n =59) (n=3) (n =52) (n =82)
Fruit or fruit juice daily 97 £ 69 8
Second serving of fruit daily 86 3 29 34
Fresh or cooked vegetables daily 75 33 40 44
Fresh or cooked vegetables >1/day 2 E) 6 4
Regular fish consumption (at least 2-3/week) 80 100 25 38
>1/week fast-food restaurant 15 67 60 57
Pulses>1/week 9 100 75 77
Pasta or rice almost daily (>5/week) 95 67 % 94
Cereal or cereal product for breakfast 59 3 21 17
Regular nut consumption (at least 2-3/week) 47 3 13 2
Use of olive ol at home 100 100 % 9
Skips breakfast 3 67 2 87
Dairy product for breakfast 57 3 30 2
Commercially baked goods or pastries for breakfast 66 67 85 80
Two yogurts and/or 40 cheese daily 78 » 2 35

Sweet and candy several times a day 12 67 52 50
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It

1. Takes a fruit or fruit juice every day
2. Has a second fruit every day

3. Has firesh or cooked vegetables regularly once a day

4. Has fresh or cooked vegetables more than once a day
5. Consumes fish regularly (at least 2-3 times per week)

6. Goes more than once a week to a fast-food (hamburger)

restaurant
7. Likes pulses and eats them more than once a week

8. Consumes pasta or rice almost every day (5 or more times per

week)

9. Has cereals or grains (bread, etc. for breakfast

10. Consumes nuts regularly (atleast 2 -3 times per week)
11, Uses olive oil at home

breakfast

13. Has a dairy product for breakfast (yogurt, milk, etc.)
14. Has commercially baked goods or pastries for breakfast
15. Takes two yogurts and/or some cheese (40g) daily

16. Takes sweets and candy several times every day

+1

+1

+1

+1

+1

+1
+1

+1

+1





OPS/images/fsufs-07-1329090-g003.jpg
KIDMEDSCORE index
35

30
25

20

age class life style index

BMI ‘socioeconomic index





OPS/images/fsufs-07-1329090-g004.jpg
KIDMEDSCORE index
35

30

25

20

age class life style index

BMI ‘socioeconomic index





OPS/images/fsufs-07-1329090-t004.jpg
Variable Cluster 1 Cluster 2 Cluster 3 Cluster 4

Number of cases 59 3 82
KIDMEDscore 50 40 40 50
Lifestyle index 32 30 31 27
Socioeconomic index 24 23 23 24
BMI (kg/m?) 165 314 192 149

Age 76 90 10.1 64
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Frequency (No. of respondents umulative Frequency (%)

Age
25 45 20 230
6-10 127 648 878
115 2 122 1000
Gender

Female 91 64 464
Male 105 536 1000

Monthly household income

Between 1,000 and 2,000 € 73 383 383
Between 2,100 and 3,200 € 76 388 770
Above 3,200 € 45 230 1000
One child

No 142 724 724
Yes 54 276 1000

Fathers' education level

Compulsory school 2 n2 12
High school 85 94 546
Graduate or postgraduate 89 454 1000
Mothers'education level

Compulsory school n 56 56
High school 7 367 423
Graduate or postgraduate 3 577 1000
Both parents employed

No 145 740 740
Yes 51 260 1000

Cured meat consumption

Never 20 102 102
Less than once a week 39 202 304
At least once a week 137 69.6 100.0
Carbonated and soft drinks

Never 88 449 449
Less than once a week 88 149 898
At least once a week 20 102 100.0
Street food

Never 47 239 239
Less than once a week 80 415 65.0
At least once a week 69 350 100.0

Lunch at school canteen
No 100 510 510
Yes 9% 490 1000

Meals at restaurants or pizzeria

Never 8 245 245
Less than once a week 81 a3 658
Atleast once a week 67 342 1000

Outdoor group activities

No 49 250 250
Yes 147 750 1000
Regularly play sport

No 50 255 255
Yes 146 745 1000

Food intolerances or alergies

No 172 87.8 87.8
Yes 24 122 100.0
Food rejection

No 70 363 36.3
Yes 123 63.7 100.0

Hours watching tv

1.5-3 103 534 949
3 10 52 100.0
Benefits of the MD

No b 88 88
Yes 176 91.2 100.0
Mothers age (years) 39.8(8.6)

Fathers age (years) 43.6(9.3)

Height (cm) 129.0 (20.0)

Weight (kg) 314(123)

BMI lkym:) 20.4(3.8)

Data are presented as mean + SD for continuous variables and frequency (% of total sample) for categorical variables; BMI, body mass index.
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