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FOREWORD 

Dietary habits account for a significant proportion of preventable deaths and disabilities. 

Numerous initiatives have been put in place to raise public awareness of healthy dietary habits 

as part of chronic disease prevention. Moreover, diet is particularly prone to social inequalities, 

which can lead to social inequalities in health. In order to reduce the burden of diet-related 

diseases, there is a need to develop public health initiatives that reduce such inequalities or at 

least do not increase them. In this respect, socioeconomic and sociocultural disparities in 

relation to diet as well as the underlying mechanisms need to be thoroughly understood. 

Adolescence is a critical transition period characterised by the acquisition of health behaviours 

that can continue into adulthood. During this process of existential transformation, diet plays 

an important role. Influenced by their school, family and peer environments, adolescents can 

acquire both unfavourable and health-promoting dietary behaviours. These behaviours may be 

a way to control their body and its transformations or to define their identity, outside of their 

families but in connection with their peers, for instance. Nowadays, adolescents are particularly 

open to new ideas and eager to impose their choices and preferences. Adolescence thus 

represents a window of opportunity to induce the acquisition of favourable behaviours that can 

be spread through adolescents' social networks and that may last a lifetime. 

In this context, a research project was developed to comprehensively assess social and cultural 

disparities in diet among adolescents and young adults in Belgium. This project was a 

preliminary stage of an intervention trial aimed at reducing social and cultural inequalities in 

diet among this population. Funding for four years was granted by the Wallonia-Brussels 

Federation in the framework of the ³Action de Recherche Concertée ± Projets Consolidation 

2016-2020´ [Concerted Research Action - Consolidation Projects]. 

Within the framework of this project, two doctoral theses have been carried out. The first one, 

already published, had the objective of studying the socioeconomic and cultural disparities 

relating to the diet of adolescents and young adults living in Belgium. It was based on the data 

from the National Food Consumption Survey (FCS). The second, this one, used the data from 

the ³Health Behaviour in School-aged Children´ (HBSC) surveys carried out in Belgium. The 

differences between the studies in the populations, sampling methods, and data collection on 

diet and social indicators make the two theses complementary in order to achieve the global 

objective of the research project. 
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This thesis manuscript focuses on adolescents recruited in the school setting, using the HBSC 

surveys. The first chapter defines the framework of the thesis, including a literature review on 

diet disparities among adolescents, and the objectives. Methods are presented in the second 

chapter. Chapters 3, 4 and 5 present the three parts of analyses carried out on the HBSC survey 

data. The sixth and final chapter consists of a general discussion followed by a conclusion. 
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ABSTRACT 

Diet contributes to a large proportion of preventable deaths and diseases. Adolescence is a 

period during which diet may particularly evolve, and therefore represents an opportunity to 

develop long-lasting healthy dietary behaviours. However, dietary habits are particularly 

subject to social variations, which may lead to social inequalities in health. Tackling them 

requires public health actions based on a comprehensive approach of social determinants at this 

life stage. 

This doctoral thesis aimed to examine socioeconomic and sociocultural disparities in dietary 

habits among adolescents, using the repeated cross-sectional Health Behaviour in School-aged 

Children (HBSC) surveys conducted in French- and Dutch-speaking Belgian schools. The three 

specific objectives of this aim were: (i) to study the socioeconomic disparities in dietary habits 

of adolescents from different migration status; (ii) to determine trends in dietary disparities 

between 1990 and 2014; (iii) to estimate disparities in dietary habits according to the 

socioeconomic and migration status at both individual and contextual levels. 

Firstly, different socioeconomic disparity patterns according to the migration status were 

observed, with narrower disparities in 1st-generation immigrants than among natives, 

highlighting the major role of cultural influences in immigrant populations. Secondly, the long-

term trend analyses emphasised increasing disparities for healthy foods and decreasing 

disparities for unhealthy foods. In addition, when the consumption of a food group increased 

overall, disparities decreased, and vice-versa. Finally, the multilevel analyses showed that 

individual and school disparities were independently associated with food consumption 

frequencies. Furthermore, this observational assessment revealed the weak relationships 

between nutrition policy in schools and dietary habits. Note that in the Brussels-Capital Region, 

native adolescents were at higher risk of unhealthy dietary behaviours than immigrants, but the 

risk of unhealthy behaviours tended to be higher when, in the school, the socioeconomic index 

decreased, and the proportion of immigrants increased. 

Overall, our analyses underlined the need to include, in addition to the socioeconomic factors, 

cultural components in public health actions aimed at addressing social inequalities in 

adolescent diet, in a multicultural context such as Belgium. Support to schools, with a greater 

emphasis on those disadvantaged in order to prevent increased inequalities, is needed to 

develop a consistent and effective nutrition policy. Finally, further studies are needed to better 

understand the mechanisms behind dietary disparities among adolescents, particularly those 

related to their migration status and broader socioeconomic environment.
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CHAPTER I. INTRODUCTION 

္ 

1. Food-related public health issues 

In the past few decades, numerous studies, such as cohort studies1 and randomised trials,2 have 

been conducted to better understand the complex relationships between food consumption and 

health.3 Based on strong evidence, it has been concluded that diet may have favourable, neutral 

or unfavourable effects on health.3,4 As a result of the accumulation of knowledge, learned 

societies and research institutions have synthesised such an evidence.3 Among the most 

successful syntheses is the one carried out since 1997 by the World Cancer Research Fund and 

the American Institute for Cancer.5 This continuously updated report summarises and appraises 

knowledge and levels of evidence on the links between food (along with physical activity and 

body weight) and cancer. 

Following knowledge syntheses, national and international consensus have been reached on 

the main outlines of ³healthy eating´. The World Health Organisation (WHO) has taken up this 

consensus to call for a global commitment to reduce the heavy and growing burden of non-

communicable diseases (NCDs) related to unhealthy diet and physical inactivity.6 In this 

regard, WHO has issued over the years sets of recommendations for policies and action plans 

at various levels, based on current issues. Thus, in the 2010's, WHO released recommendations 

for tackling childhood obesity following its rapid increase worldwide.7 Recently, the 

emergence of climate change issues has raised the importance of sustainable food production 

and eating habits. In 2019, based on the growing body of work on this topic,8 the WHO and 

the Food and Agriculture Organisation of the United Nations (FAO) have issued guiding 

principles for sustainable healthy diets.9 

1.1. Diet and health 

1.1.1. Diet: a risk factor and a protective factor for health 

Dietary habits account for a significant proportion of preventable deaths and disabilities in 

Europe and around the World.10 In 2019, the dietary risk factors were estimated to be 

responsible for eight million deaths worldwide (18.9% of total deaths) and 188 million 

disability-adjusted life-years (DALYs) (11.6% of total DALYs) related to NCDs among all 

ages.11 In Belgium, the dietary risk factors were estimated to be responsible for 13 thousand 
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deaths (13.1% of total deaths) and 228 thousand DALYs (8.0% of total DALYs) with regards 

to NCDs. Dietary risks are the third leading cause of NCDs deaths and the fourth of NCDs¶ 

DALYs in Belgium. The three most important dietary risks for NCDs are diet low in whole 

grains, and high in red and processed meat.11 

Yet diet may also play a role in the prevention of NCDs,4 such as cancer, cardiovascular 

diseases (CVDs), or type 2 diabetes mellitus (T2D). In this regard, fruit,4,12,13 vegetables,4,12,13 

legumes,4,14 whole grains,4,15 nuts,4,14 and fish16,17 should be consumed in adequate quantities. 

Indeed, while consuming these foods in insufficient quantities may increase the risk of 

developing NCDs,4 consuming them in adequate quantities may decrease this risk.8 In contrast, 

foods such as sugar-sweetened beverages (SSB),4,18 crisps,19 fries,19 red meat4,20 or processed 

meat4,20 should be consumed in limited quantities, in order to limit the risk of developing 

NCDs. Because these foods do not provide key nutrients that cannot be found in other sources, 

they may not be consumed at all from a nutritional standpoint.  

1.1.2. Main dietary guidelines in Belgium 

Since 1997, the Belgian Superior Health Council (SHC) has developed dietary guidelines 

organised around nutrients for the population. They are mainly intended for health 

professionals to help the population adopt a healthy and balanced diet.21 With the aim of issuing 

practical guidelines more directly to the Belgian population, these nutrient-based guidelines 

have been translated into food-based guidelines,21 the first time being in 2005.22  

In 2019, the SHC published the latest food-based guidelines, aimed at the healthy adult 

population.21 The methodology used for the translation came from the guide for establishing 

Food-Based Dietary Guidelines (FBDG) issued in 2010 by the European Food Safety Agency 

(EFSA).23 Accordingly, on the basis of the main diet-related health issues in Belgium and the 

foods that largely contribute to them, as well as given the current dietary habits observed in the 

2014 Belgian Food Consumption Survey (FCS), the 2016 guidelines organised around 

nutrients were translated into a practical guideline.21 Thanks to this methodology, these dietary 

guidelines give advice on foods and food groups that provide the nutrients needed to promote 

overall health and prevent NCDs. They focus on the foods to be encouraged at the level of the 

Belgian population, while taking into account the sociocultural aspects too.21 

The 2019 food-based dietary guidelines emphasise 12 recommendations, including five 

³golden UXleV´.24 These five priorities, which are considered to have the greatest benefit for 

public health, have been promoted through video clips25 and graphically represented (Figure 
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1).26 Other recommendations include the limited consumption of SSB, and of processed and 

red meat, and the consumption of adequate amounts of fish and dairy products.21 

 

Figure 1. Épi alimentaire / Voedingstak ± Five priorities for eating better. Source: Food in action, 2019. 

While dietary guidelines are national, they can be the subject of public health actions or 

communication at different levels. For example, nutrition labelling has been mandatory in 

Belgium since the 1990s as a result of a European directive.27 In 2011, the European regulation 

defined the mandatory labelling information. This regulation was applied in our country from 

2014.27 Furthermore, although still voluntary in Belgium, the Nutri-Score has recently been 

adopted as the official nutritional logo at the federal level; this formalisation has been supported 

by information campaigns.28 At last, since 2016, sugar- and artificially-sweetened beverages 

have been specifically subject to a regularly revised national excise duty.29  

Alongside the federal actions, two food guides based on the national dietary recommendations 

have been disseminated at the regional level for several years.30 Until recently, the latest 

revisions of the food pyramids were relatively similar. However, since 2017, the Vlaams 

Instituut Gezond Leven [Flemish Institute for Healthy Living] has been disseminating a simple 

and colourful cut-out triangle (inverted pyramid) in Flanders (Figure 2).31 Conversely, the 

pyramid disseminated in Wallonia by a private communication company (³Food in Action´) 

was somewhat modified during the 2020 review.32 It is now a cut-out food pyramid (Figure 3) 

that takes health and sustainability considerations into account. Compared to the pyramid 
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distributed in Flanders, it is more complete but also much more complex for the general public, 

and the foods to be consumed in sufficient quantities are less clearly highlighted. 

Figure 2. Cut-out triangle developed by the Vlaams 

Instituut Gezond Leven. Source: Vlaams Instituut 

Gezond Leven, 2017. 

Figure 3. Cut-out food pyramid developed by Food 

in Action and the Haute Ecole Léonard de Vinci. 

Source: Food in Action, 2020. 

 

Overview on adolescents 

At present, the 2019 dietary recommendations around foods are not intended for the adolescent 

population.21 Yet, the first version of the food-based dietary guidelines issued in 2005 were 

developed for adolescents aged 12 to 18.33 Interestingly, the 2016 dietary recommendations 

organised around nutrients were developed for adolescents and relatively similar to those for 

adults.34 In 2014 in Flanders, the Vlaams Instituut Gezond Leven made some food-based 

recommendations for 12-18-year old adolescents.35 These recommendations, intended to 

Flemish, are similar to the 2019 national dietary guidelines for adults.21,35 

Communication of dietary guidelines regarding foods are not specifically aimed at adolescents. 

While the cut-off pyramid disseminated in Wallonia is only intended for the adult population, 

the Flemish triangle is intended for the population aged over one year. Previously, the 2005 

food-based guidelines intended for adolescents were disseminated through a practical guide for 

healthy eating, initiated by the Plan Fédéral Nutrition Santé / Federaal Voedings- en 

Gezondheidsplan [Federal Nutrition (and) Health Plan].33 However, information in this guide 

was imprecise and disperse.33 
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In Belgium, actions promoting healthy eating habits among adolescents are rather scattered and 

may differ between regions or even at a more local level. For instance, in Flanders, the 

competent authorities have committed to phasing out unhealthy drinks and snacks in schools, 

such as sweetened drinks, with the aim of eliminating them by 2020-2021.36 By contrast, in the 

Wallonia-Brussels Federation (FWB), the issue of banning vending machines in schools was 

included in a legislative project in 2005 and several times afterwards but was never concluded. 

With the support of governmental bodies, schools can promote healthy eating habits through 

various means such as improving the food environment or implementing educational 

programmes. However, such initiatives are not coordinated, and their content is not checked. 

� 

Diet is a key factor in improving population health. In Belgium, a number of initiatives 

have been developed at the federal level and federated entities to raise public awareness 

of healthy dietary habits as part of the NCDs prevention. The multiplication of these 

initiatives may have a positive effect, as long as the messages conveyed are clear, 

understandable and unambiguous. However, this would require more collaboration 

among the federated entities in charge of health promotion and perhaps with the federal 

government. The initiatives currently implemented are aimed at the general population 

but are never targeted at specific populations, including adolescents. Yet, in addition to 

the content, the form of the message needs to be adapted to these specific populations. In 

this respect, there still is considerable room for improvement. 
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1.2. Social inequalities in health applied to diet 

1.2.1. Origins of social epidemiology as a science 

Although the development of social epidemiology methods as we know them now is fairly 

recent, the first pioneering works around the social conditions influencing health dates back to 

the 19th century. At that time, Villermé and Virchow highlighted social class and work 

conditions as major determinants of health.37,38 Shortly afterwards, Chadwick pointed out that 

the physical environment may have a significant effect on health.37,38 However, the assumption 

of social conditions was overshadowed by other theories at the end of the 19th century, 

including the germs theory.38 As a result, the social variations in health had drawn less 

attention. Meanwhile, the improvement of the physical environment and medical advances 

have resulted in an increase in life expectancy. In Belgium, the life expectancy at birth was less 

than 50 years at the end of the 19th century, around 65 years in the 1950s, and more than 75 

years at the end of the 20th century.39 

However, how inequalities have changed over the past century in Europe is not fully clear. 

While it is assumed that absolute inequalities in mortality have been reduced with the increase 

in life expectancy, the change in relative inequalities is less clear.40 In Europe, the interest in 

health inequalities resurged with the publication of the Black Report in 1980 in England. This 

was the first report to highlight the increasing health inequalities in the second half of the 20th 

century despite the modern welfare state. Furthermore, at the end of the 20th century, an 

increase in relative inequalities was observed in Western Europe despite many improvements 

regarding, for instance, social security and health care systems.40 As a result, interest in the 

influence of socio-structural factors on health significantly increased.38 Since then, many 

reports have confirmed the trends in health inequalities.41 Among the most recent is the 

pioneering report Marmot Review, which also sets out an evidence-based strategy to address 

health inequalities.42 

Meanwhile, it has become apparent that health behaviour was not only conditioned by the 

individual but also by society. This has increased the need for contextual analyses that consider 

both individual-level and contextual-level data, such as multilevel analyses. These recent 

findings have been the beginning of the broad development of social epidemiology. Nowadays, 

it is defined aV Whe ³branch of epidemiology that studies the social distribution and social 

determinants of states of health´.37 
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1.2.2. Concepts related to social inequalities in health 

1.2.2.1. Social inequalities in health 

Social inequalities in health are considered as health differences observed across social 

groups.43 There are two main approaches to defining social groups.3 The first uses the term 

³Vocial claVV´ WhaW UefeUV Wo MaU[.3,44 A social class is a group or a category of individuals who 

develop a common consciousness and a sense of belonging that lead to collective action.44 The 

second approach uses statistical aggregates that refer to Weber and is privileged in 

epidemiology.3,44 A stratum is a group of individuals occupying similar positions, with similar 

prospects for development.3,44 In practice, the way to stratify people into social groups is quite 

specific to societies.43 For instance, in India, the ³caste´ is a meaningful distinction. The 

race/ethnicity and to a lesser extent social class are relevant distinctions in the United States 

(U.S.) although somewhat discussed.45 In the United Kingdom (U.K.), the level of schooling 

achieved is a meaningful grouping.43 In Belgium, like in other European countries, one of the 

most important definitions of social group is also based on education level. 

Differences in health can be denominated by different terms, leading to slightly different 

meaningsa behind. Throughout this thesis, we have inWeUchangeabl\ XVed ³ineTXaliWieV´ and 

³diVpaUiWieV´ Wo deVcUibe diffeUenceV, without any a priori moral judgment. In other words, we 

do not postulate that a social group has systematically favourable dietary habits. By contrast, 

³ineTXiWieV´ aUe ³systematic differences in health that could be avoided by reasonable means´. 

Thus, it implies a moral judgment43 and is not used throughout this work. 

1.2.2.2. Social gradient in health and other types of relationships with health 

Social inequalities cannot be reduced to the extremes of Whe Vocial hieUaUch\, VXch aV ³Uich´ vs. 

³pooU´.3 They cover the whole of society.3 In addition, a social gradient can be observed, such 

that the higher the position in social hierarchy, the lower risks of morbidity and mortality.37 A 

social gradient in health may be observed throughout the range of level of education, income 

or occupation. For instance, in Europe, the mortality rates are greater among the low than the 

mid, and among the mid than the highly educated.50 However, the social gradient is not limited 

 
a Note that there is an ambiguity in the meaning of those terms. While it can be inverted across continents,46 for 
some languages a single word exists to cover all meanings.47 Work is ongoing on the clarification of these 
terms,43,48 bXW Whe ambigXiW\ peUViVWV. AV a maWWeU of facW, Whe WHO defineV ³inégalités´ [ineTXaliWieV] in FUench49 
in Whe Vame Za\ aV ³ineTXiW\´ in EngliVh. 
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to socioeconomic indicators. It can be observed throughout the range of social groups, such as 

migration status (see Chapter III, section 2). 

In addition to the social gradient reflecting a linear relationship, a U- or J-shaped relationship 

can sometimes be observed (Figure 4). For instance, a U-shaped relationship has been 

observed between occupational status and risk of mortality. Individuals with a low or a high 

occupational status may have a higher risk of mortality than those with an intermediate one.51 

This can be explained by a strenuous physical occupation for those at the bottom of the 

hierarchy and a stressful occupation for those at the top.52 A similar U-shaped relationship 

between certain health behaviours and health is also observed. For example, an adequate level 

of physical activity is beneficial for cardiac morbidity, but low and extreme levels may have a 

detrimental effect on such morbidities.53 

In other instances, a J-shaped relationship has been observed. Among non-smokers, the lowest 

mortality risk was observed for individuals with a body mass index of 20-22 after more than 

20 years of follow-up.54 Underweight individuals have a higher mortality risk than normal body 

weight individuals, and a similar risk to overweight individuals. Moreover, this risk increased 

substantially with obesity. In fact, underweight individuals are particularly at risk of developing 

respiratory diseases, while overweight individuals are at risk of developing T2D and a wide 

range of NCDs.54 

 

Figure 4. Types of relationship between a health determinant and a health risk. 
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1.2.2.3. Social determinants of health inequalities 

Social determinants of health inequalities are defined as ³contexts, social norms, social 

structures, and their determinants´.55 Three main pathways have been highlighted to explain 

the causal process (Figure 5).55 First, health may determine social position, in a perspective 

knoZn aV ³Vocial VelecWion´ (pathway A on Figure 5). Thus, healthier individuals would move 

towards a better social position.55 For instance, a healthy individual may have access to the 

entire educational system while a sick or disabled individual may experience difficulties. 

However, this is not considered to be the main contributor of health inequalities.40 

The main explanation of health inequalities40 iV likel\ Wo be Whe ³Vocial caXVaWion´ 

(pathway B).40 This perspective implies that inequalities in health are raised by the differential 

distribution of more specific health determinants across social groups.40,56 These include the 

health system, material, psychosocial and behavioural factors.40,56 Even if people with higher 

socioeconomic status can, for example, benefit from better treatment or better prognostic 

factors, access to the health care system does not contribute significantly to health inequalities 

in Western Europe.56 MaWeUial facWoUV aUe UelaWed Wo ³condiWionV of economic haUdVhip´ and 

³damaging condiWionV in Whe ph\Vical enYiUonmenW´.56 Psychosocial factors include ³VWUeVVfXl 

liYing ciUcXmVWanceV´ or lack of social support. Regarding behavioural factors, the most 

important health-related behaviours are smoking, diet, alcohol consumption and physical 

activity. A differential distribution of these behaviours contributes to explain social inequalities 

in health. For instance, the median contribution (calculated as part of a systematic review)57 to 

socioeconomic differences in all-cause mortality can be up to one-third for tobacco and one-

fifth for alcohol, physical activity, and diet, depending on the socioeconomic indicator used.57 

In addition, the median contribution to socioeconomic differences in cardiovascular diseases 

can be up to more than half for alcohol, one-fourth for diet, one-fifth for tobacco and one-tenth 

for physical activity.57 

Lastly, the timing of exposures may influence health (pathway C) through different 

mechanisms.55 First, an exposure at a specific period has lifelong effects, the so-called ³cUiWical 

peUiodV´ model.56 Second, health factors may accumulate gradually over the life course 

(³accXmXlaWion of UiVk´ model).56 
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Figure 5. Diagram illustrating the main pathways of generation of health inequalities from social environment. 

� 

Social inequalities in health have a longstanding interest. Today, reducing health 

inequalities has become a major but still a challenging public health issue. However, a 

clear understanding is necessary to develop effective public health initiatives. These 

initiatives must cover the entire social structure and all periods of life, especially critical 

periods. Comprehensively addressing those determinants is needed to reduce inequalities 

but implementation of effective actions in ³real life´ is highly challenging. 

1.2.3. Main indicators of social position 

Many indicators can reflect social status and therefore social inequalities in health.58 There is 

no single best indicator, universally applicable. Each indicator measures different aspects of 

the social hierarchy.3 Some of them are specific to periods of life.58  

The choice of the indicators should be adapted to the research question. However, it also 

depends on the feasibility to collect such information in the surveys. It is also necessary to 

consider the theoretical framework for a correct interpretation.3 Two main groups of indicators 

are described below with examples based on their relationships with diet: socioeconomic 

position indicators and sociocultural position indicators. Following their presentation, we will 

address their application to the adolescent population. 

1.2.3.1. Socioeconomic position 

Socioeconomic poViWion UefeUV Wo Whe ³social and economic factors that influence what 

positions individuals or groups hold within the structure of a society´.58 In the literature, the 

WeUmV ³VWaWXV´ and ³poViWion´ aUe ofWen XVed inWeUchangeabl\. HoZeYeU, Whe\ UefeU Wo diffeUenW 
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theories.59 Socioeconomic status refers Wo Whe ³pUeVWige- or rank-UelaWed chaUacWeUiVWicV´ 

whereas socioeconomic position includes actual resources in addition to status.59 Nevertheless, 

throughout this work, we have used both terms indifferently, without intending to refer to either 

theory. 

Socioeconomic position is mostly captured by indicators such as education, income and 

occupation. More rarely but still important, subjective indicators and ecological indicators may 

be used. Other indicators are used to a greater or a lesser extent, such as housing or wealth, 

however, these are not developed below. 

Education 

Due to its robust association with health,60 education is a frequently used indicator around the 

world.37 In short, it mirrors the overall knowledge of individuals. Depending on the context, it 

is referred to as either years of schooling (continuous variable) or degree credentials 

(categorical variable).37 While the years of schooling implies that every year contributes 

similarly to the socioeconomic position, the degree credentials imply that the socioeconomic 

position is determined by a specific achievement.58 However, education as understood above 

does not consider the quality of education. Although complex to measure, the quality of 

education might be important, especially in studies including a sociocultural dimension.37 

Interestingly, the indicator has methodological advantages relatively to the others, such as ease 

of measurement or high response rate.58 It is also more stable (especially in adults) and less 

sensitive in the contentious sense than other indicators,58 including in Belgium. However, 

education cannot be directly compared between individuals from different birth cohorts or from 

different countries.58 

Different mechanisms are potentially involved in its association with health. First, it is an 

important determinant of occupation and income,37 discussed further below. In addition, 

education may improve long-term health through a well-educated social network. For instance, 

peers may influence patterns of adoleVcenWV¶ diet. Finally, schooling is a place to acquire 

knowledge relevant for health. In addition to factual and specific knowledge, schooling may 

form long-lasting cognitive and emotional skills for healthy behaviours.37 Thus, education is 

strongly associated with health literacy, which refers Wo a VeW of ³competencies related to 

accessing, understanding, appraising and applying health information´.61 As a result, higher 

educated individuals are likely to have a better grasp of the health promotion messages 
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regarding dietary behaviours.58 For instance, they may better understand and assimilate 

nutritional information on products through labelling.3 

Income 

The income of an individual or a household is the indicator of socioeconomic position that 

most directly measures material resources.58 However, asking about income is sensitive and 

people may be reluctant to disclose accurate information,58 leading to a high rate of non-

response. One way to partially address this issue is to ask people to place themselves within 

predefined income categories, although absolute income provides a much more precise 

information. In addition, it can be converted into a relative indicator, such as levels of poverty. 

Ideally, income should be disposable income (i.e. reflecting what can be spent) and not, for 

example, gross income (i.e. ignoring debts or loans).58 It is worth noting that income is a 

dynamic indicator, with sudden changes possible in a short period of time and its effect 

accumulates over the life course.3 Income is also life stage dependent and follows a curvilinear 

trajectory with age.58 As a result, it is not suitable for certain periods of life.58 

Pathways between income and health can be direct or indirect but also reverse.58 Firstly, it 

pUoYideV ³better access to the means to produce good health´.37 Thus, income gives access to 

better quality material resources,58 such as better quality foods. It also helps to access services 

that may improve health directly through health services or indirectly through education. In 

addition, income fosters self-esteem and social standing.58 Furthermore, it partly determines 

the budget allocated to each aspect of daily life, including the food budget.3 It should be noted, 

however, that this budget is also determined by other aspects, such as food prices.62,63 Finally, 

health may in turn influence income58 through loss of income due to sick leave, work loss or 

care costs. 

Occupation 

Occupation is a well-established indicator in health studies.58 It characterises working relations 

and conditions. In addition to the different type of occupations, the reasons for unemployment 

also deserve attention.58 Indeed, social conditions of students may differ greatly from those 

seeking a job, for instance. Interestingly, numerous national classification schemes have been 

developed to group individuals according to occupation and implies specific aspects of the 

socioeconomic position.3 Among others, we can mention the British (i.e. Registrar-GeneUal¶V 

Social Class) and the French (i.e. Professions et Catégories Socio-professionnelles 
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[Professions and Socio-professional Categories]) nomenclatures. Nevertheless, they may not 

apply to other national contexts.3 

Occupation possibly influences health through different mechanisms. First, it strongly 

determines income, discussed earlier. In addition, occupation reflects social standing, which 

can give certain privileges, such as access to education, also discussed earlier. Occupation also 

defines the social networks, which may also influence diet. Finally, it may determine the social 

environment, including the food environment.58 Each occupation also has a different working 

pace,3 which can have an impact on the time spent preparing the meal or eating it. 

Ecological indicators 

Ecological indicators can either be used to measure the socioeconomic conditions of an area or 

as proxies for unavailable individual indicators.64 In the latter case, the more socioeconomically 

heterogeneous the area, the higher the potential misclassification. This can, therefore, lead to 

an incorrect estimate of the association with health outcomes and behaviours. Ecological 

indicators can be aggregated from individual level or small area data, through administrative 

databases. Typically, the aggregate measures, such as proportion of unemployed or proportion 

of highly educated individuals, are combined into a composite score.64 

Ecological indicators used as a measure of the socioeconomic conditions of an area can have 

an independent influence on individual socioeconomic indicators of health64 and health 

behaviours.65 However, it remains unclear if the association between ecological indicators and 

health outcomes or health behaviours aUe UelaWed Wo ³the socioeconomic characteristics of 

where people live, independently of the characteristics of the people living in these areas´.64 

This lack of clarity is partly due to the fact that ecological indicators are mostly constructed 

from aggregates of individual level data.64 
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Overview on adolescents 

SWXd\ing Vocioeconomic diVpaUiWieV in adoleVcenWV¶ dieWaU\ habiWV iV TXiWe challenging. Indeed, 

collecting data on these three classic indicators of socioeconomic position can be tricky in 

adolescent self-report studies.3 Adolescents, especially younger ones, may not know or be 

willing to give their parents' occupation, education or income.58 Therefore, indicators, such as 

the Family Affluence Scale, have been developed specifically for adolescents and can be used 

to reflect their social position. In addition to other objective indicators like parental working 

status, subjective indicators can also reflect the socioeconomic position of adolescents. As long 

as these subjective indicators relate to what they think and not to what their parents think, they 

may be adapted to this population. 

Family Affluence Scale 

Developed by the Health Behaviour in School-Aged Children (HBSC) network, the Family 

AfflXence Scale (FAS) iV a ³brief assets-based measure of family wealth that was designed for 

use in adolescent surveys´.66 The assets-baVed meaVXUeV aUe an alWeUnaWiYe Wo paUenWV¶ income 

and consists of directly aVking foU Whe famil\¶V maWeUial condiWionV of an accepWable VWandaUd 

of living. One of the main issue of the FAS is WhaW iW VhoXld UeflecW Whe ³societal patterns of 

consumption and lifestyles of families with adolescents´.66 It must therefore be culturally 

sensitive, but also cross-nationally adapted to the very variable contexts across the European 

countries that participate in the HBSC surveys and over time.66 Hence, its revision is regularly 

discussed within the network. 

The FAS was firstly developed in the 1990s66 and has been revised twice since then. The first 

version (FAS I) included three items: number of cars, number of vacations and having your 

own bedroom. The second version of the FAS (FAS II) was developed in 2002 and additionally 

includes computer ownership. For the most UecenW UeYiVion (FAS III), Whe iWem ³nXmbeU of 

YacaWionV´ ZaV Uefined b\ ³holida\V abUoad´ and WZo neZ iWemV were added: owning a 

dishwasher and number of bathrooms. The latter version also has the advantage of including 

several anchored items for cross-national comparability.66 

The validity and reliability study regarding FAS III has shown that income is sufficiently but 

not perfectly associated with family wealth,66 which is not surprising. Indeed, there are multiple 

sources of family affluence. For example, if we refer to the FAS questions, some occupation 

positions offer a company car or substantial discounts on household appliances. The house or 
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car can also be inherited. The relevance of this indicator to the evolution of socioeconomic 

conditions is currently under discussion. Similarly, the item on holidays abroad is questionable, 

as people may prefer to go to the country where they live or return to their country of origin 

(without even speaking about the ongoing restrictions due to the Covid-19 pandemic). 

The specific pathways between FAS and health or diet have not been enough documented so 

far. However, based on the results of the validation and reliability study, it can be assumed that 

the mechanisms are similar to those of classical indicators of socioeconomic position, 

especially those of income. 

Working status 

The parental working status provides information on whether or not the parents are working, 

regardless of the type or the environment of work. While the parental occupation indicator 

focuses mainly on employment, the working status indicator emphasises mainly on 

unemployment. In this respect, two categories can be distinguished: unemployed parents who 

are actively seeking for a job and those who are not seeking for a job (homemakers, disabled 

paUenWV, VWXdenWV«).67 This more precise categorisation allows a better understanding of the 

effects on health, but it is also more likely to lead to a higher non-response rate than simple 

distinction between employment and unemployment. 

To some extent and in most situations, family income can be considered as proportional to the 

number of working parents. Thus, working status can influence health through mechanisms 

similar to those of income. In addition, people who do not work may suffer from a lack of 

material resources, loss of self-esteem and social isolation that can affect the whole family.64 

Unemployment can also be a source of conflict and stress in the family,67 which can negatively 

influence health and health behaviours. Finally, the parental working status may reflect the 

time parents have available for education or for everyday life, for example preparing meals. In 

this respect, unemployed parents who are not actively seeking for a job are likely to have more 

time than employed parents or those seeking for a job, to be involved in the family life, at least 

in theory. 

Subjective indicator 

SXbjecWiYe indicaWoUV UefeU Wo ³an indiYidXal¶V SeUceSWiRn Rf hiV/heU Slace in Whe VRciRecRnRmic 

structure´.68 Individuals assess their subjective position according to different criteria, specific 

to each one if the question does not give any indication of reference points. For instance, they 
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can rely on their own characteristics, including education, or on their social environment,68 

proximal or distal. As a result, subjective indicators mainly reflect the relative position 

perceived by the individual in the society. An advantage of this type of measure is that they 

rarely cause problems with knowledge or understanding among adolescents.3 As a matter of 

fact, the subjective socioeconomic position is assessed in HBSC surveys by asking adolescents 

the following TXeVWion: ³How well off do you think your family is?´.67 

At present, subjective indicators are not sufficiently mobilised to review the different pathways 

with health or diet. However, subjective indicators could reflect dimensions of the 

socioeconomic position other than those captured by objective indicators and that fall outside 

conventional hierarchies, especially for youths.3 Therefore, subjective and objective indicators 

might be independently associated with health outcomes.69 Subjective position may influence 

health by psychosocial factors, which may lead to risky behaviours for instance. It can reflect 

ability or choices in the budget use to purchase resources,70 such as healthy or accessory foods. 

1.2.3.2. Sociocultural position 

In addition to the socioeconomic position, the sociocultural position can be used to describe 

the social position. The sociocultural position indicators related to the origin and geographic 

setting are described below. 

Race/ethnicity, nationality, place of birth 

Sociocultural position indicators related to the origin include race, ethnicity, nationality, and 

place of birth. Unlike socioeconomic position indicators, they are generally used alone. The 

use of a particular sociocultural indicator depends mainly on what is meaningful for the 

research¶V objecWiYeV but also, and above all in some circumstances, on what is ethically 

acceptable to collect. 

Race and ethnicity are mainly used in Anglo-Saxon countries, especially in the U.S.43 Although 

often defined and conceptualised in different ways,43 these concepts mainly refer to a notion of 

social constructb, the social identity.72 Beyond the numerous definitions, a large number of 

ethnicity/race categories can be listed. Examples can be given such as ³non-Hispanic blacks´, 

 
b In French-speaking countries, ³Uace´ mainl\ UefeUV Wo a biological conVWUXct. Therefore, it is rarely used since it 
makeV no VcienWific VenVe. FXUWheUmoUe, UneVco haV Uecommended Whe WeUm ³eWhnic gUoXp´ Wo deal ZiWh Whe 
different notions of construction across scientists.71 Consequently, the two terms are often used together to refer 
to the social construct. However, Whe WeUm UelaWed Wo ³eWhnic gUoXp´ iV noW XniYeUVall\ accepWed b\ VcienWiVWV, 
especially French-speaking ones, and is therefore infrequently used. 
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³Whites/Caucasian´ or ³Asians´.45,72 Nevertheless, terms used are mostly pejorative, 

stigmatising and depersonalising, leading to adverse consequences to communication.45 In 

addition, there is a lack of clarity on methods of categorisation. They can be based on self-

identification or be assigned by investigators, generating misclassification.45 At last, the 

retained categories are often specific to the societal context, making comparisons between 

studies complex. Still, relatively homogeneous groups in terms of some cultural dimensions 

are expected to be found with this type of classification, even if highly heterogeneous 

behaviours cannot be excluded. 

Although much rarer, sociocultural position can also be defined using nationality,73 an 

administrative dimension. The nationalities are then frequently grouped into two: nationals and 

non-nationals. The group of non-nationals can then be broken down according to the 

nationality. However, nationality is not granted in the same way in different countries, 

complicating the comparison of studies. For instance, some countries rely on the principle jus 

sanguinis (right of blood) while others on the principle jus soli (right of soil). Moreover, while 

some countries prohibit multiple citizenship, others may allow it, with or without conditions, 

such situations changing over time. 

Another sociocultural indicator related to the origin is the country of birth of the individual and 

WhaW of iWV pUeYioXV geneUaWionV. ThiV infoUmaWion iV moVWl\ XVed Wo define ³migUaWion VWaWXV´.74 

ThUee main gUoXpV can be idenWified: ³naWiYe-boUn´ (ZiWh naWiYe backgUoXnd) ; ³Vecond-

geneUaWion immigUanWV´ (naWiYe-born population with at least one foreign-boUn paUenW); ³fiUVW-

geneUaWion immigUanWV´ (foUeign-born population).74 This grouping has the advantage of 

enabling to compare the results of the different studies, regardless of the country where the 

study is carried out. Nonetheless, groups are obviously heterogeneous in terms of culture. 

Categories relating to immigrants can be made more precise by declining according to the 

regions of birth, such as the continent, the length of stay in the country or the age of arrival. 

Such information allows to distinguish between recent and non-recent immigrants, and 

immigrants who arrived at a more or less young age, for instance.  

It is worth noting that the migration history of Belgium is particular and thus deserves to be 

summarised. Initially an emigrating country, Belgium has gradually become an immigrating 

country with a first significant wave of immigrants at the end of the First World War.75 First, 

Italians came to Belgium for heavy industry and then for mining. Following the labour 

migration agreement of 1956, many Spaniards immigrated in Belgium. In the meantime, there 
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was a migration of Portuguese and Greeks. Later, a massive low-cost labour force was recruited 

from Turkey and Morocco. With the economic crisis of 1970s, migration has been restricted to 

family reunion. Meanwhile, political refugees have increased. Lastly, as a consequence of 

historical colonial ties, an African community dominated by the Congolese community 

developed.75 In recent years, the European institutions in Brussels ± the de facto capital of the 

European Union ± have attracted many young and highly-qualified expatriates. 

In the last population census, 42% of the population of Brussels was born abroad whereas 14% 

of the population of Wallonia and 10% of Flanders were born abroad.76 In 2019, 10% of 

immigrants in Belgium were born in Romania, 9% in France, 6% in Morocco, 5% in the 

Netherlands, 3% in Italy, and the same proportion in Bulgaria, in Poland, in Afghanistan, in 

Spain, in India and in Turkey, and 2% or less in other countries.77 There is no recent official 

data on the country of birth of immigrants by region, but by nationality (to be distinguished 

with the country of birth as explained above). In Wallonia, in order of importance, we have 

Italians, French, Germans, Moroccans, Spaniards, Romanians, Portuguese, Turks, Dutch and 

Congolese.78 In Brussels, the French come first, followed by the Moroccans, Romanians, 

Italians, Spaniards, Poles, Portuguese, Bulgarians, Germans and Congolese.79 

To sum up, immigrants in Belgium mainly come from Europe and in a lesser extent, North 

Africa, with a very large variety of origins. The reasons behind migration have changed over 

the years and therefore, immigUanWV¶ profiles may highly differ, especially between Brussels 

and the rest of Belgium. 

Overall, the aforementioned indicators are of interest because they contain a strong cultural 

dimension. However, depending on the country and social context, they reflect different 

notions and imply different pathways to health inequalities. For example, being immigrant or 

of a certain ethnic group may have different consequences in Europe than in the U.S. 

Nevertheless, we do not develop the mechanisms specific to the American context, not relevant 

to this work. The mechanisms that can only be applied to the European context are developed 

below. Some syntheses discussed their scope,72,75 particularly in relation with the paradox 

observed between the low socioeconomic position and high life expectancy of the adult 

immigrant population.75 

Among the mechanisms that can globally apply to all three indicators are biological and genetic 

differences as a partial explanation for differences in health.72,75 Although often limited to the 

simple description of differences between racial/ethnic groups due to criticism of race as a 
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biological construct, the presence of protective or cancer predisposing genes has been observed 

in some populations. In addition, health inequalities may be better explained by sociological or 

psychological effects.72,75 On the one hand, racial and ethnic minority groups may have 

negatively experienced racism and discrimination.72 In addition to generating stress, racism 

may limit access to resources. These include a lower access to educational opportunities (and 

we have addressed earlier the role of education), but also a lower access to resources that would 

support the attainment of better health status, such as neighbourhood with a healthy food 

supply.72 On the other hand, immigUanWV ma\ poViWiYel\ benefiW fUom ³Vocial capiWal´ oU ³Vocial 

neWZoUkV´75 referred to above. Finally, culture itself is likely to influence health behaviours, 

including dietary habits.75 For instance, the attitudes towards life or body are part of cultural 

tradition,75 implying different health behaviours across culture. In addition to different smoking 

or alcohol habits, differences related to diet, such as food purchase, conservation, preparation 

or pattern (quality, quantity or timing), can be noted.75 However, it appears that these 

differences in behaviour, and therefore health between groups, would reduce over time through 

the acculturation process.80±82 

Lastly, many hypotheses specific to immigrants have been proposed to explain health 

inequalities resulting from the migrant mortality advantage, such as the healthy-migrant effect 

or the ³Valmon biaV´ h\poWheViV.75 The healthy-migrant effect refers to a selection process in 

the population of origin. Under this assumption, individuals who immigrate are in a better 

health than those who do not. This selection process is considered to be so strong that 

immigrants would be healthier than the host population.75 However, this explanation for the 

migrant mortality advantage is refuted, as immigrants are generally younger than the overall 

host population and therefore just not ill yet.83  

It has also been argued that the mortality advantage is attributable to a selective return 

migration among leVV healWh\ immigUanWV, UefeUUed Wo aV ³Valmon biaV´ h\poWheViV.75 In this 

instance, less healthy and older immigrants tend to return to their birth country with a desire to 

die there, leaving behind a healthy population in the host country.84 One of the issues is that 

deaths abroad do not contribute to national statistics. If the second out-migration is not 

UegiVWeUed, indiYidXalV aUe UendeUed ³VWaWiVWicall\ immoUWal´. Consequently, errors in 

numerators and/or denominators are generated in the national mortality data, resulting in the 

artificially lower mortality among immigrants.84 
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Therefore, these hypotheses would not be a sufficient explanation for health inequalities 

observed between immigrants and natives. While the salmon bias is mainly the result of a 

statistical artifact, the selection process plays a role with regard to the country of departure and 

not to the host country. In fact, the migrant mortality advantage behind health inequalities is 

likely to be due to the interplay between lifestyle, dietary intake and health system.75 

Acculturation process 

Based on the Gordon modelc, during the acculturation process, an individual is partially or fully 

³acquiring, retaining, and/or relinquishing behaviours and values of his or her original culture 

and the host culture´.85 By definition, acculturation is not a linear but a dynamic, 

multidimensional and complex process involving, among others, social position. Therefore, in 

regard to diet acculturation, immigrants do not only increase the local foods (i.e. of the host 

country) and decrease the traditional foods (i.e. of country of origin). For example, they can 

find new ways to consume traditional and local foods,85 resulting in original dietary behaviours. 

However, while some advocate the ³best of both worlds´ hypothesis (i.e. taking the best, 

leaving the worst),75 it appears that changes in immigrants' dietary behaviour can be both 

healthier and less healthy.85  

Diet acculturation can be measured using single-item measures, acculturation scales or food-

based assessments.85 The last two measures provide a rather accurate picture of the 

acculturation process. However, they are often developed for specific populations. Therefore, 

they are not always appropriate when studying immigrants from very variable origins. 

Although giving less precise information, single-item measures are simple and factual, 

facilitating their inclusion in non-specific populations, particularly those aimed at adolescents. 

Among these measures are the length of residency in the host country and country of origin, 

and the migration generation.85 

 
c There is currently no standard definition of acculturation.85 There are several theories put forward such as that 
of Robert Park or Milton Gordon. Robert Park's theory reflects the experience of many European immigrants but 
not of physically or culturally distinct immigrants. In addition, he considers the stages of the process to be 
irreversible,85 which seems to us extreme. 
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Space and place 

In addition to individual characteristics, the geographical setting where one lives matters for 

health.86 Two geographical indicators are to be distinguished: Vpace and place. Space ³deals 

with measures of distance and proximities´ of exposure sources.43 In contrast, place ³refers to 

membership in political or administrative units´, such as region or school district.43 These 

concepts are often treated as exchangeable since people in the same place are often very close 

to each other in space.43 Nevertheless, some may belong to the same place and be far away or, 

conversely, be close but belong to different places. 

Differences in health can be explained by mechanisms specific to space, place or both. Space 

can provide information about exposure to pollutants, but also proximity to health services43 

or various food environments3 (e.g. fast food, vending machine, fresh fruit and vegetable 

market). Each place can implement specific public health initiatives and determine exposure 

within the population.43 In Belgium, health promotion is under the responsibility of regions 

since the sixth reform of the Stated, leading to different exposures between their inhabitants. 

Food pyramids are an example of this situation (see section 1.1.2). In addition, organisation 

and accessibility of services, such as health services or food supply, can be specific to places.3 

Finally, health inequalities may be caused by a social-interactive mechanism.88 In addition to 

social networks, behaviours may be changed through contact with neighbours.88 Four culturally 

different countries and with different dietary habits surround Belgium, which can lead to 

different dietary habits from one region to another. 

 
d Belgium is Federal State composed of federated entities.87 The Federal State has three Regions that are based on 
territory: Flemish Region, Walloon Region and Brussels-Capital Region. There are also three language-based 
communities, namely the Flemish Community (composed of inhabitants of the Flemish Region and the Dutch-
speaking inhabitants of the Brussels-Capital Region), the French Community (composed of inhabitants of the 
Walloon Region and the French-speaking inhabitants of Brussels-Capital Region) and the German-speaking 
Community (composed of German-speaking inhabitants of the Walloon Region). Each of these federated entities 
has its own powers as defined by the Federal State. Reforms have been carried out over the years, with changes 
in powers within the federated entities.87 Health promotion is one example of a power shift in authority. 
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Overview on adolescents 

Adolescents are not particularly reluctant to answer questions about sociocultural position, at 

least in Europe. Nevertheless, there may be a relatively large amount of missing data for 

migration status. Indeed, to determine it, the paUenWV¶ coXnWUy of birth is required. However, 

adolescents, and especially younger ones, may not be informed. Conversely, race and 

nationality of the parents are generally not asked for. 

Adolescents spend a lot of time at school, where they are independent of their parents, making 

it an important place and space. It is therefore important to make a clear distinction between 

school space and place and that of the residence, as they can be very different. The advantage 

of school-based surveys is that sampling procedures usually make it possible to find out the 

place of the school, which usually results in reliable information and no missing data. 

� 

Many sociocultural and socioeconomic factors are involved in social inequalities in health. 

These may play a direct or indirect role through health behaviours, such as diet. Although 

often interrelated, sociocultural and socioeconomic indicators are not interchangeable. 

Indeed, each of them is independently linked to health (and diet) through mechanisms of 

its own. Thus, each indicator provides complementary information for understanding 

and tackling social inequalities. Moreover, studying disparities among adolescents 

requires indicators adapted to this population. Persistent social inequalities, combined 

with changes in the socioeconomic and sociocultural position and environment of 

individuals over time, underline the current relevance of research on the social 

determinants of inequalities. 
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1.3. Adolescent diet: main issues and disparities 

1.3.1. Adolescence, a key period for the acquisition of dietary behaviours 

Adolescence is the transition period between childhood and adulthood,89 defined by the WHO 

as the period between 10 and 19 years of age.90 Changes in biological growth and major social 

role transitions have led to an expanded and more inclusive definition to consider adolescence 

as the period from 10 to 24 years of age.89 This period is characterised by a rapid biological 

maturation, psychosocial, cognitive, and emotional development.91 

These changes are translated into evolving health behaviours,92±94 including dietary habits. 

Although their awareness of the long-term effects of such behaviours is rising, adolescentV¶ 

risk perception remains low.93 This can therefore result in the acquisition of unhealthy 

behaviours,93 including inadequate dietary habits. Furthermore, there is growing evidence that 

behaviours initiated during this period are strongly likely to track into adulthood.92,95 Therefore, 

adoleVcence VhoXld be Veen aV ³the years of laying down the foundations for health that 

determine health trajectories across the life course´.93 

During this period characterised by upheavals, diet takes an important place in the adoleVcenW¶V 

life.96 It is experienced as a means of regulating and controlling his/her body and its 

transformations, defining his/her identity, and differentiating himself/herself from his/her 

family while identifying with a peer group.96 Adolescent¶V dietary behaviours can therefore be 

shaped by several factors,94 perhaps specific to this period of life. 

Because of the biological changes it undergoes, the body becomes a central concern for the 

adolescent.96 Moreover, as their relationship with the body constantly evolves, adolescents are 

looking for new role models. In a body image conscious society, adolescents adopt overvalued 

practices of body (e.g. dieting or physical exercises) and shape (weight, height) control to 

mirror these role models.96 While in some cultures, thinness is promoted, others emphasise 

overweight, leading to various body images and practices. This quest for the culturally ideal 

body combined with genetic, developmental, psychological and sociocultural factors can lead, 

in extreme situations, to eating disorders,97 with significant short- and long-term consequences. 

The socio-relational environment of adolescents plays an important role in their dietary 

behaviours.96 With regard to the family environment, each member of the family may 

contribute. Parents usually transmit rules and values that lead to healthy or unhealthy dietary 

behaviour.96 Beyond the sociocultural and socioeconomic characteristics of their members, 
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families may also be constrained by the paUenWV¶ time and energy, especially single parents. 

Moreover, siblings may influence dietary behaviours through two opposite phenomena. On the 

one hand, siblings can serve as role models for both healthy and unhealthy dietary behaviour, 

leading to an imitation of siblings.98 On the other hand, adolescents may want to differentiate 

themselves from their siblings and thus behave differently.98 In addition, adolescents can help 

prepare meals, which can be time consuming with large siblings, but such a siblings can also 

be a socioeconomic barrier to healthy eating. 

Besides, during this transition period, adolescents are likely to distance themselves from their 

parents and family environment, although they often remain financially dependent on them.96 

As adolescents gain independence, they become more and more influenced by peers and other 

influences such as media,95 especially in building their identity.96 They become closer to peers 

who essentially share their interests and values, and who can become role models for  

adolescent's eating habits. In addition, peers represent an opportunity to differentiate 

themselves from family dietary habits. In some situations, escaping parental control, 

adolescents feel free to consume unhealthier foods, such as fattier or sweeter foods. However, 

the group effect can also lead to positive behaviours by encouraging their peers to eat 

healthily.96 

Moreover, the school environment is an important determinant94 since adolescents spend a 

large part of their daily life there. In addition to being a meeting place between peers, schools 

can transmit values related to diet, in particular through the canteen menu or the vending 

machines.96 Beyond food availability, schools can set up projects and activities that promote 

healthy dietary behaviours, as well as nutrition education. In addition, school courses, such as 

biology classes, are a fruitful way to learn about health behaviour issues. 

1.3.2. Updating knowledge on dietary disparities in adolescents 

A systematic review on diet disparities has recently been undertaken99 as part of the underlining 

project of this doctoral thesis. The objecWiYe of WhiV UeYieZ ZaV ³to explore how diet (overall 

and by food group) differs according to socioeconomic and cultural characteristics of 

adolescents and young adults from high-income countries´.99 This work confirmed the 

socioeconomic gradient previously observed among adults. However, the findings have 

highlighted a lack of high-quality studies and the need to examine more carefully population 

sub-groups, such as immigrants.99  
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Following this systematic review, a knowledge update has been carried out in the framework 

of this doctoral thesis. The research syntax (Appendix A) was based on the systematic review 

mentioned above, using Medical Subject Headings (MeSH) keywords but was adapted to the 

population, i.e. adolescents. As the objective was to follow up on the systematic review, articles 

published between 1 January 2018 and 31 December 2020 were evaluated. Targeted studies 

aimed to examine individual diet according to the social position of adolescents. The 

Population, Intervention, Comparison, Outcomes and Study design (PICOS) inclusion and 

exclusion criteria were adapted from the systematic review99 and are presented in Table B-1 

(Appendix B). 

A total of 1,065 additional articles were identified. Reasons for the exclusion of records are 

presented in Figure 6. Among the 29 abstracts assessed for eligibility, ten met all the eligibility 

criteria and were kept. In addition, eight articles that did not distinguish between adolescents 

and children were reviewed and described if they provided information additional to the 

previous review. 

The summary results of the systematic review are presented first. These are followed by a 

description of the results of the new studies by type of outcome: dietary patterns, scores and 

food groups. The direction of association is described for all indicators except for ethnicity, 

which is context-specific. Emphasis has been placed on the frequencies of consumption of the 

food groups and the social indicators used in this work; the related results are displayed by food 

groups in Table 1. 
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Records identified through Medline
n= 1,065

Records excluded; n= 1,015
PICOS criteria not respected

Records screened
n= 51

Abstracts excluded; n= 22
Food not studied or considered in a behaviour cluster (n= 2)
PopXlaWion¶V age oXWVide of Whe WaUgeWed Uange (n= 10)
No analysis by social position (n= 8)
Very specific population (refugees) (n= 1)
Prospective study (n= 1)

Abstracts assessed for eligibility
n= 29

Full-text articles excluded; n= 18
PopXlaWion¶V age oXWVide of Whe WaUgeWed Uange (n= 3)
No distinction between adolescent and adult strata (n= 1)
No distinction between adolescent and child strata (n= 8)*
No analysis by social position (n= 5)
Policy brief (n= 1)

Reports included in synthesis
n= 11
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*These articles were included and thus described if they provided information additional to the previous review. 

Figure 6. Flowchart showing selection of reports included in the literature review.
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1.3.2.1. Dietary patterns 

Disparities in dietary patterns were studied based on different types of dietary patterns that can 

generally be classified as ³healthier´ or ³unhealthier´. A sufficient number of studies 

conducted on dietary pattern disparities related to parental education level was identified during 

the systematic review. The related conclusion was that healthier patterns generally were 

associated with a high parental education level, especially maternal, while unhealthier patterns 

were associated with lower levels of education.99 Regarding parental occupation, healthier 

patterns were also consistently related to a high level (e.g. white vs. blue collar)100; however, 

there was no clear conclusion for unhealthier patterns.99 Only investigated once, being 

unemployed was found to be associated with healthier patterns while working was found to be 

related to unhealthier patterns.101 Since these results of the systematic review, no new studies 

on any of these indicators have been identified. 

Income was not sufficiently studied to draw conclusions.99 One recently published study 

conducted in Canada addressed income but without distinguishing children and adolescents. It 

was found that the percentage of individuals with a ³paVWa´ pattern, a ³Uice´ pattern or a ³ZhiWe 

bUead´ paWWeUn was lower in the highest income quintile than in the other four quintiles.102 To 

date, disparities in dietary patterns related to FAS and contextual socioeconomic status have 

not been addressed and those related to family structure are unknown.  

Finally, dietary patterns according to ethnicity and migration remain understudied to establish 

conclusions. From the systematic review, findings regarding ethnicity were mixed, with 

unhealthier patterns observed boWh in ³ZhiWeV´ and ³non-ZhiWeV´;99 since then, this issue has 

not been addressed. The previously mentioned Canadian study, which examined income, also 

investigated migration status that was not addressed before; compared to all other grain-based 

patterns and ³no grain´ pattern (i.e. less than one serving of grain-based foods per day), the 

lower percentage of natives (vs. immigrants) was foXnd in Whe ³Uice´ paWWeUn.102 

1.3.2.2. Nutritional and dietary scores 

Social disparities were studied using several scores adapted to adolescents, such as the 

KIDMED index (Mediterranean Diet Quality Index for children and adolescent)103 or the DQI-

AM (Diet Quality Index for Adolescents, including a specific Meal index).104 The systematic 

review revealed that a higher dietary score was consistently associated with a higher parental 

education level, especially maternal.99 The conclusions to be drawn about occupation were less 

straightforward, although a higher dietary score was usually found among those with a higher 
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occupation.99 Few studies examined income; so far, the results of the different indicators are 

mixed.99 While household income was not found to be associated with dietary score,105 a higher 

dietary score was observed when father had an income.106 In addition, dietary score was shown 

in a study to increase with FAS categories.107 No studies on any of the above-mentioned 

indicators were identified for the knowledge update, which did not allow the conclusions to be 

reinforced. Contextual socioeconomic level as such was not addressed at all, but 

socioeconomic level based on individual socioeconomic characteristics and geographical 

region type was found not to be associated with the Healthy Eating Index (HEI) in Portugal.108 

Family structure has not been addressed regarding diet scores up to now. 

Lastly, findings from the systematic review regarding migration status were contradictory, with 

a higher diet score among natives (vs. immigrants) or a more favourable score among 1st- and 

2nd-generation immigrants (vs. 3rd-generation immigrants).99 These results could not be 

reinforced as the migration status has not been investigated since then. While no study on 

ethnicity was eligible for the systematic review, a recently published U.S. study  indicated that 

the HEI tended to differ by ethnicity.109 

1.3.2.3. Food groups (Table 1) 

In this section on food groups, only the results for fruit and vegetables, dairy products, SSB 

and salty and sweet energy-dense foods, which are the main food groups analysed in this thesis, 

are presented. Given the few and heterogenous reports on other food groups like meat,99 these 

food groups have not been further investigated and are not presented. 

Fruit and vegetable 

The ³vegetable´ group usually includes raw, cooked or canned vegetables, and the ³fruit´ 

group includes fresh, whole or dried fruit. The systematic review pointed out that higher intake 

and daily frequency of fruit were consistently associated with a higher parental education 

level.99 Similarly, daily vegetable frequency was related to a higher education level. However, 

results regarding vegetable intake were inconsistent, considering that non-significant and 

significant associations were reported.99 Since then, a recently published Belgian study has 

reinforced the conclusion by finding that the mean daily consumption of fruit and vegetables 

increased with the level of parental education among 10-13 year olds and was higher among 

those with a high level of education (postgraduate vs. secondary or lower education) for the 14-

17-year-old stratum (Table 1).110  
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Conclusions on parental occupation are complex to draw because of the small number of 

studies and the mixed findings. While consumption of fruit systematically increased with 

occupation level, vegetable consumption was found to increase with parental occupation level 

in one study and not to be associated in another.99 Since the systematic review, occupation was 

investigated in three studies,110±112 including the one mentioned above,110 and concluded that 

consumption of fruit and/or vegetables increased with parental occupation level (Table 1). 

More specifically, a higher mean of fruit and vegetable consumption was observed among 

managerial or academic professions of parents (vs. manual worker) among the 14-17-year-old 

stratum in Belgium.110 In Ireland, adolescents with parents in managerial, professional or 

technical occupations (vs. those whose parents are non-manual, skilled manual, semi-skilled or 

unskilled) are more likely to have a higher frequency of fruit or vegetable consumption.111 In 

addition, a higher frequency consumption of vegetables was observed among adolescents with 

white-collars parents (vs. those with manual white collars parents, parents having a manual job 

or being inactive) in Denmark.112 

Finally, findings regarding income were not consistent; some of the studies found a higher 

intake among those with a higher household income while others found no association.99 

Studies investigating FAS allow more robust conclusions to be drawn albeit to be confirmed: 

a higher daily fruit and vegetable consumption was associated with a higher FAS.99 All these 

results could not be strengthened by more recent studies. 

The contextual socioeconomic level is not yet sufficiently studied regarding disparities in fruit 

and vegetable consumption. However, this issue was recently addressed in two studies.108,111 

In Ireland, non-daily consumption of fruit or vegetables was highlighted to be more frequent 

in disadvantaged schools (definition based on socioeconomic demographic characteristics of 

pupils).111 In addition, socioeconomic level based on individual characteristics and 

geographical type of area was associated with a higher intake of fruit and vegetables in 

Portugal.108 There was a lack of studies examining disparities related to family structure, but 

recently, it was not found to be associated with fruit and vegetable intakes.110 

Following several studies on the subject, it can be argued that fruit and vegetable consumption 

varies according to ethnicity,99 which was confirmed by the recently published Canadian 

study.113 Migration status is still too rarely studied and has not been the subject of a recent 

study. Nevertheless, a higher consumption of these foods was previously found in immigrants 

compared to natives.114 
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Dairy 

The ³dairy´ group mainly includes milk, yoghurt and cheese with or without taking into 

account fat and sugar content. Socioeconomic disparities in dairy consumption tended to be 

non-significant but were not sufficiently investigated to definitively support this conclusion.99 

Disparities related to parental education levels were observed, as well as for income, for some 

but not all dairy product consumption. Parental occupation was not found to be associated with 

any dairy product consumption.99 The FAS, the family structure and the contextual 

socioeconomic level were not addressed in dairy consumption disparities among adolescents. 

The conclusions cannot be strengthened following the knowledge update, as no new study has 

been issued on this subject. 

Finally, disparities related to migration status are not yet clarified due to a lack of studies. 

Findings from the systematic review regarding ethnicity were inconsistent as it was found that 

dairy product consumption both differed and did not differ by ethnic groups.99 Since then, the 

Canadian study has found differences in consumption according to the ethnic group.113 In fact, 

adolescents of European ethnicity had a higher mean daily frequency consumption of cheese 

and yoghurt, as well as milk, while those of Asian ethnicity had the lowest consumption of 

cheese and yoghurt and Indigenous adolescents the lowest consumption of milk.113   

Sugar-sweetened beverages 

In most of the studies relating to dietary disparities, SSB were defined as sugary, soft and diet 

drinks, with some also including fruit juices. Findings regarding disparities related to parental 

educational level in SSB consumption were robust99 and confirmed with the recent literature;115 

higher consumption was observed among those with a lower level. During the systematic 

review, only one identified study addressed occupational status and found no association with 

SSB consumption.116 Since then, two studies have been carried out,110,111 but the related 

disparities remain unclear. In Belgium, maternal occupation was not found to be associated 

with SSB mean intake.110 Conversely, daily SSB consumption was higher among adolescents 

with semi-skilled or unskilled parents (vs. those with parents in managerial, professional or 

technical occupations) in Ireland.111 Only one study in the systematic review addressed income 

and found no association with consumption.116 Since then, a study has addressed household 

income in Norway and also found no association with mean frequency consumption.115 The 

FAS was rarely studied, and conclusions were mixed. Indeed, a higher consumption of SSB 

was observed among adolescents with a low FAS,116 but a recently published U.S. study 
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highlighted a non-significant association with weekly consumption.117 Another recently 

published study provided some initial results on the socioeconomic environment and found that 

daily frequency consumption of SSB was higher in disadvantaged Irish schools.111 

In the initial systematic review, no study addressed disparities related to the family structure. 

Since then, no disparities were found in Belgium and in the U.S.110,117 However, a recent study 

conducted in eight European countries found family structure-related disparities among 

adolescents together with children.118 It showed a lower SSB intake among those living in a 

two-parent biological family configuration than among those in a two-parent blended/adoptive 

family configuration for boys and among those in a single-parent family configuration for girls. 

Finally, ethnicity was found to be consistently associated with SSB consumption,99 which was 

further confirmed by the recent literature coming from the U.S. and Canada.113,117 Disparities 

related to the migration status were inconclusive but were only addressed twice, once at the 

time of the systematic review114 and once at the time of the knowledge update.110 A higher 

consumption was found among both immigrants (vs. natives) in Balearic Islands 114 and natives 

(vs. immigrants born outside EU) in Belgium.110 

Salty and sweet energy-dense food 

The salty and sweet energy-dense food group generally included fatty, salty and sweet snacks, 

and fast food in the retained studies. Higher consumption of energy-dense food was almost 

systematically associated with a lower parental level of education99,119 and a lower FAS.99 

However, results from the systematic review regarding parental occupation level and income 

were mixed, making it difficult to draw conclusions.99 Nevertheless, although no new selected 

study has investigated income-related disparities, parental occupation level were studied in two 

new studies. In Ireland, consumption of crisps was more frequent among adolescents with 

semi-skilled or unskilled parents (vs. those with parents in managerial, professional or technical 

occupations).111 In Spain, consumption of sweets and pastries was more frequent among 

adolescents with an unemployed father (vs. those with a working father).119 

None of the studies in the systematic review addressed socioeconomic environment and family 

structure, and the recent literature is inconclusive. While it was found that being in a 

disadvantage school was associated with a higher daily consumption of energy-dense foods in 

Ireland,111 the socioeconomic status, based on individual and area characteristics, was not 

found to be conclusively associated with these foods in Portugal.108 Regarding family structure, 
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a lower consumption of sweets and pastries was observed among adolescents living in blended 

and in two-biological parent families (vs. one-parent family) in Spain.119 

No conclusion can be drawn on ethnicity and migration status due to the small number of 

studies on the subject. However, the recent Canadian study reported ethnic disparities in crisps 

and fries but not in sweets, pastries and ice cream consumption.113 In addition, a previously 

published study on Balearic Islands found that immigrants generally had higher energy-dense 

food consumption than natives.114 No new study could be identified on this subject to update 

knowledge. 

 

To summarise, the literature review highlighted clear disparities according to the level of 

education and, to a lesser extent, of parental occupation. Conclusions regarding disparities 

related to other socioeconomic indicators, such as FAS or contextual socioeconomic level, still 

need to be reinforced with additional studies. Finally, too few studies have examined 

sociocultural disparities, preventing conclusions to be drawn, even if disparities have been 

reported here and there. 

� 

Adolescence is a key period for present and future health. It is characterised by the 

acquisition of health and dietary behaviours that can last a lifetime. Moreover, many 

socioeconomic and sociocultural factors are involved in the social inequalities relating to 

adolescent diet. In the literature, socioeconomic and sociocultural disparities in 

adolescent diet have been identified. However, the findings need to be strengthened, 

especially for some aspect of the socioeconomic disparities and for sociocultural 

disparities. A better understanding of social disparities will help act more effectively on 

the social inequalities in adolescents' dietary habits. 
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Table 1. Food group consumption according to socioeconomic or sociocultural characteristics of adolescents. 

Reference Population, design, 

time of collection, 

country 

Age range 

(years) 

n Diet collection 

method 

Intake or frequency of 

consumption 

Exposure variables 

(number of categories) 

Associations 

Food groups: fruit and vegetable 

Desbouys, 2019110 FCS, cross-sectional, 

2014, Belgium 

10-13; 14-17 435; 460 24HR (x2) Mean consumption of fruit 

and vegetables (g/d) 

Household type (2) NS 

Household education (3) Mean increases with education in 10-13yo; 

lower mean for secondary or lower (vs. 

postgraduate) in 14-17yo 

Maternal occupation (6) Lower mean among manual worker (vs. 

managerial or academic) in 14-17yo 

Country of birth (3) Higher mean among immigrants in 14-17yo 

        

Kelly, 2018111 HBSC, cross-sectional, 

2010, Ireland 

-14-16+ 5344 sFFQ Frequency consumption of 

fruit or vegetables (non-

daily) 

Social class (3) % inversely decreases with social class 

Disadvantaged school (2) Higher % for disadvantaged schools 

        

Rasmussen, 2018112 HBSC, cross-sectional, 

2002 to 2014 (4 surveys), 

Denmark 

11-15 17243 sFFQ Frequency of vegetables 

(less than weekly) 

Occupational social class (3) Higher % for middle and low social class, for 

each survey year 

24HR: 24-hour dietary recall; sFFQ: short Food Frequency Questionnaire; NS: non-statistically significant. 
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(Continued) 

Reference Population, design, 

time of collection, 

country 

Age range 

(years) 

n Diet collection 

method 

Intake or frequency of 

consumption 

Exposure variables 

(number of categories) 

Associations 

Food group: sugar-sweetened beverages (SSB) 

Bolt-Evenson, 

2018115 

Schools, longitudinal 

cohort, 2001-2005-

2016, Norway 

Mean: 11.5, 

15.5 

437 

(including 

adults) 

sFFQ Frequency of SSB (mean) Parental education (2) Age group of 15.5: mean frequency higher 

among low parental education 

Household income (2) NS 

        

Chung, 2018117 HBSC, cross-sectional, 

2009-10, U.S. 

10-17 2138 sFFQ Frequency of soft drinks 

(more than once a week) 

Family structure (2) NS 

FAS (3) NS 

        

Desbouys, 2019110 FCS, cross-sectional, 

2014, Belgium 

10-13; 14-17 435; 460 24HR (x2) Mean consumption (g/d) of 

sugary sweetened 

beverages 

Household type (2) NS 

Household education (3) Mean decrease with education   

Maternal occupation (6) NS 

Country of birth (3) Higher mean for immigrants born outside EU 

(vs. Natives) 

        

Kelly, 2018111 HBSC, cross-sectional, 

2010, Ireland 

-14-16+ 5344 sFFQ Frequency consumption of 

soft drinks (daily) 

Social class (3) Higher % for low social class (NS for middle) 

Disadvantaged school (2) Higher % for disadvantaged schools 

24HR: 24-hour dietary recall; sFFQ: short Food Frequency Questionnaire; NS: non-statistically significant. 
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(Continued) 

Reference Population, design, 

time of collection, 

country 

Age range 

(years) 

n Diet collection 

method 

Intake or frequency of 

consumption 

Exposure variables 

(number of categories) 

Associations 

Food group: salty and sweet energy-dense food 

Garrido-Fernandez, 

2020119 

Secondary education 

high school, cross-

sectional, N/A, Spain 

12-16+ 8068 sFFQ Consumption at schools of 

snacks with sweets, candy, 

bagged crisps, sweets and 

pastries (yes/no) 

Mother's education (6) Candy: higher odds when no university degree 

Father's education (6) Candy, sweets and pastries: higher odds when 

no university degree 

Family type (6) Sweets and pastries: higher when other than 

1st-gen.a or extended b 

Mother's employment (5) NS 

Father's employment (5) Sweets and pastries: higher odds when 

unemployed father 

        

Kelly, 2018111 HBSC, cross-sectional, 

2010, Ireland 

-14-16+ 5344 sFFQ Frequency consumption of 

sweets, chips (daily) 

Social class (3) Chips: Higher % for low social class (NS for 

middle) 

Disadvantaged school (2) Chips: Higher % for disadvantaged schools 

sFFQ: short Food Frequency Questionnaire; NS: non-statistically significant.  
a 1st-generation family: parents and children; b extended family: grand-parents, children, grand-children.
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2. Methodological issues in nutritional epidemiology: Focus on dietary 

behaviours 

2.1. Brief overview of nutritional epidemiology issues 

Interest in the relationship between diet and occurrence of disease is longstanding, but the 

methods used have recently evolved to become more specific.120 Until several decades ago, the 

focus was mainly on deficiency syndromes, using clinico-epidemiological methods. For 

instance, in the mid-18th century, observations about scurvy led Lind to conduct one of the first 

controlled clinical trials, by giving different treatments (including citruses) to pairs of suffering 

men.121 Such deficiency syndromes are usually characterised by a high frequency among those 

with insufficient nutrient intakes, and an almost null frequency among those with adequate 

intakes.120 Another characteristic is the short latent periods, with a rapid onset of symptoms but 

also a rapid reversal of the clinical symptoms. As a result, experiments rather than observations 

were carried out.120 In the 1970s, the focus was developed in low-income countries, with 

particular emphasis on stunting and wasting of children due to insufficient energy and protein 

intake along with multiple micronutrient deficiencies.122 Specific diagnosis and case 

management methods have been elaborated accordingly. 

In high-income countries, contemporary nutritional epidemiology has been focusing on the 

potential involvement of diet in the growing increase in NCDs incidence, such as cancer, T2D 

or CVDs.120 These diseases greatly differ from deficiency syndromes. First of all, they have 

multiple causes most often acting in combination, such as several components of diet, physical 

activity and other lifestyle behaviours. Secondly, many of these diseases have a long latent 

period, resulting from a cumulative exposure over several years. Finally, although these 

diseases are currently among the most frequent causes of mortality and morbidity, their 

incidence is rather low in the population in comparison with the relatively high frequency of 

exposure to multiple risk factors. Moreover, they may result from insufficient or excessive 

consumption, and are more difficult to reverse.120 

Besides, diet itself represents a complex set of highly correlated exposures.120 With a few 

exceptions, all individuals are exposed to assumed causal dietary factors, as everyone eats fat 

and fibre, for example. Hence, most often, exposure cannot be determined as only absent or 

present. Furthermore, eating patterns evolve during the lifetime; in general, there is no clear 

change at a specific turning point in time. 
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Beyond the complexity of diet, individuals are generally not aware of the food contents. As a 

result, nutrients have to be determined indirectly either through food declaration or biochemical 

measurements. The features of NCDs and diet have therefore led to the development of 

sophisticated methods in nutritional epidemiology. One of the greatest challenges in this area 

is to identify practical methods for assessing diet that are reasonably accurate and relatively 

inexpensive given the number of subjects needed to be included in studies. 

� 

In recent years, knowledge on the diet-health relationships has become increasingly 

advanced albeit not definitive, thanks to the numerous studies using elaborate nutritional 

epidemiology methods. Within this scope, the used methods must provide a 

comprehensive assessment of the diet that captures its complexity, even if specific parts 

are of interest for research. At present, in order to implement effective public health 

actions regarding diet-related diseases, a broad understanding of determinants of diet is 

needed. In this respect, and unlike the diet-health approach, it is not always necessary to 

use potential resource-intensive methods that comprehensively assess diet, including 

energy and nutrients. Therefore, the remainder of this section is focusing on the methods 

used to assess dietary habits in the context of large-scale studies among adolescents, and 

the issues related to these methods. The methods assessing other components of nutrition, 

such as nutritional status or nutrient intake, are therefore not addressed as part of this 

doctoral dissertation. 
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2.2. Dietary data collection in school-based surveys: the short Food Frequency 

Questionnaire 

Several methods for describing adolescent diet in large-scale population surveys are 

theoretically available. They include 24-hour dietary recalls (24HR), food records or Food 

Frequency Questionnaires (FFQ).120 Each of these methods have strengths and weaknesses. 

Since they all are based on declaration, no single method perfectly measures dietary exposure 

and is suitable for all circumstances. The method choice will depend mainly on the type of 

survey and on the research objective, such as the diet components of interest, the target 

population and its ability to participate in the collection, along with the financial and human 

resources available.123 

In cross-sectional school-based surveys, the time allocated to pupils to complete surveys is 

relatively limited, thus restricting the length of the questionnaire. In addition, when such 

surveys cover a wide range of topics, the related questionnaires may become particularly long. 

Therefore, the inclusion of a comprehensive assessment is rather impossible and a balance 

between the accuracy of the diet assessment and the limited number of questions has to be 

found. Besides, in school-based surveys, it is complex to invite all families of participating 

pupils in order to obtain additional information on diet. Therefore, the chosen diet assessment 

methods should not require additional information from families. In view of all these 

circumstances, the short Food Frequency Questionnaire (sFFQ), a method based on principles 

quite similar to the FFQ, seems to be one of the best choices despite some actual limitations. 

2.2.1. Food Frequency Questionnaire 

In the 20th century, investigators searched for a method that would provide a reliable and 

comprehensive assessment of usual diet.120 In this regard, a detailed dietary history interview 

was developed in 1947. This method included a 24HR, a menu recorded for three days and a 

checklist of foods consumed over the previous month. However, this long and complex method 

is resource-intensive (time, financial, human), which led researchers to find an alternative. 

Based on the dietary history checklist, the FFQ was then developed a decade later. Having 

become frequent in the 1980s and 1990s, FFQs are now used less and less as it is less 

informative than other methods whose technical improvement through online tools has made 

them easier to use and to treat along with an enhanced reliability.120 Indeed, 24HR can be easily 

multiplied with the development of computer technology and, accompanied by a Food 

Propensity Questionnaire,124 can measure usual diet with a small number of recall days. 
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The FFQ aims to estimate individuals¶ usual food consumption.125 Individuals are asked to 

report how frequently they consume the foods, in a finite list, during a given period of time, 

for example, several months to a year.120 In some cases, they are also requested to give 

information on usual servings and composition,120 resulting in an increased burden which is 

not always worthwhile in view of the additional data it provides.126 

The list of foods cannot be endless; it is defined according to the purpose of the study120 and to 

the target population.125 If the objective of the study is aetiological, then the list should be as 

complete as possible, even if the full variability of the population's diet cannot be reflected with 

a defined list.127 However, if the objective is to study the determinants of a specific nutrient, 

then the list may be focused more on foods related to that nutrient. In this case, the number of 

foods that are not related to this nutrient can be limited as long as they allow a correct estimate 

of total energy intake. This limitation thus avoids having particularly long lists, which also has 

disadvantages. Indeed, to avoid the impairment of concentration and accuracy but to keep 

reliability on the estimations, the list should be of an adequate length; usually, it consists of a 

hundred or so items.128 In this respect, the foods selected must be as appropriate and 

informative as possible, like being discriminating or consumed by a significant number of 

individuals.120 The items must then be compiled in such a way as to obtain a clear and 

unambiguous questionnaire, since its organisation and structure can influence the interpretation 

of certain foods.127 

Frequency responses usually range from five to ten options, for instance from ³never´ to ³more 

than six times a day´.120 While most of the information for some foods are at the lower end of 

the scale, for other foods, information can be at the high end, hence the need for a sufficient 

number of responses covering the whole scale. In addition, each frequency category cannot be 

too broad to remain discriminatory and give some precise estimates.120 

The FFQ is a tool that makes it possible to measure the usual consumption of a large number 

of individuals in a relatively simple, resource-efficient and easy to administer manner. The 

burden on respondents is considered as acceptable in most situations.123 However, the FFQ is 

sensitive to measurement errors.126 For example, the length of the list can lead to over- or under-

estimating the consumption of certain foods.120,127 Compared to other methods, the portion size 

is more complex to estimate as it has to be an average of a consumption that can highly varied 

over the given period of time. The finite list of foods without information on their 

characteristics (e.g. combination, cooking) is not as accurate as other methods, like 24HR. 
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Finally, the FFQ requires respondents to make a significant cognitive effort, since they are 

required to average themselves their consumption over a long period of time.120 At last, some 

similar foods may be grouped together creating a complex cognitive question when the 

respondent consumes one of these foods frequently and the other infrequently.126 

2.2.2. Short Food Frequency Questionnaire 

The sFFQ uses the same approach as the FFQ in that individuals are asked to report the 

frequency of consumption of a finite list of foods over a given period of time (oU ³XVXall\´), 

leading to an estimation of usual intake. However, the sFFQ differs from the FFQ on the food 

items listed. While the FFQ list is composed of detailed foods such as bananas or pears, the 

sFFQ list is composed of food groups like fruit. As a result, far fewer items are included than 

in the FFQ, making this short list of a dozen or so items a unique feature of this short 

instrument. Similar to the FFQ, the food list must correspond to the objective of the survey and 

the population surveyed. However, this short list of food groups will not allow the estimation 

of total energy intake. 

The sFFQ allows the usual consumption of food groups to be captured with relatively few 

resources in large-scale surveys. The short form of the questionnaire is ideal for adolescents 

who can quickly lose concentration and fall into boredom. The sFFQ can be easily integrated 

into multi-thematic surveys working with already long questionnaires. However, this tool has 

actual limitations. First of all, it requires a significant cognitive effort from the respondent by 

asking for an average or usual consumption of food groups. In addition, the sFFQ is more 

imprecise than the FFQ because only the consumption of global food groups can be estimated. 

Finally, social desirability bias is particularly present in the sFFQ, with consumption 

declarations close to the well-known dietary recommendations. It is less easily detectable than 

with FFQ lists or other declaration methods. Thus, errors in declaration are possible, limiting 

the analyses of related data. 
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2.3. Issues related to the interrelation of the different indicators of social 

position in diet: the cases of effect modification and confounding 

Adolescents' dietary habits are determined by a set of strongly interrelated socioeconomic and 

sociocultural factors discussed above. In order to better understand the relationship between 

these factors and dietary habits, attention should be paid to the interrelation between these 

factors. In some cases, the strength of the association between one indicator of social position 

and dietary habits may differ according to the levels of another social position indicator, 

referred to as an effect modification. In other cases, the association between one of the social 

position indicators and dietary habits may be ³explained´ by another indicator, which is 

referred to confounding when causal inference is assumed. For these reasons, the 

interrelationship between the social position indicators must be considered as it provides a 

better understanding of the underlying mechanisms of the social inequalities in dietary habits. 

2.3.1. Effect modification of the social position indicators 

Effect modification occurs when the magnitude of the association between the social position 

indicator and dietary habits differs depending on the level of another social position 

indicator.129 If such an effect is present, analyses should ideally be stratified on the latter 

indicator to obtain strata-specific associations. This stratification thus provides meaningful 

information that should be used to implement public health actions. 

While the literature on social position as a determinant of adolescents' dietary habits is 

growing,99 there are currently still too few studies examining the interaction between indicators 

of social position. Yet these indicators are likely to interact between each other.130 It is therefore 

worth investigating whether, for example, native adolescents with a low socioeconomic status 

have different dietary habits than immigrant adolescents within the same socioeconomic status. 

If this is the case, stratification enables to identify the groups most at risk of unhealthy dietary 

habits, but also those least at risk. These new social groups with specific risks of unhealthy 

dietary habits would thus provide meaningful information. As a result, it will help better 

understand the mechanisms behind the respective disparities related to socioeconomic position 

(socioeconomic status in this case) and sociocultural position (migration status in this case). 

The role of culture in relation to socioeconomic conditions within sociocultural groups may 

also be apprehended. Ultimately, the relevant socioeconomic and sociocultural components 

can be integrated into public health initiatives, increasing their effectiveness. 
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In the context of the social determinants of diet, several modification effects can be identified. 

However, even if there are several modifying effects or if modifying effects remain after the 

first stratification, multiple stratification is not recommended. Indeed, in addition to the 

substantial decrease in the sample size per stratum and therefore in the statistical power, the 

results may become uninformative and very complex to interpret. The choice of the variable 

on which the stratification is carried out should ideally be based on explanatory hypotheses. 

2.3.2. Confounding in the relationship between social position and dietary habits 

FacWoUV inflXencing dieWaU\ habiWV can be deVcUibed aV eiWheU ³pUo[imal´ oU ³diVWal´ in the causal 

pathway.a Proximate factors of diet directly influence dietary habits and are therefore 

proximate links in the causal chain (P in our notation in Figure 7).132 In contrast, distal factors 

influence dietary habits indirectly through intermediate factors that are more proximal to 

diet.132 These factors are distal links in the causal chain (D in our notation). Socioeconomic 

and sociocultural determinants as studied in this work are considered to be distal factors of diet, 

which would influence dietary habits through more proximal causes. For example, education, 

occupation, FAS or migration status can influence dietary habits through social standing and 

networks as well as resources (see sections 1.2.3.1 and 1.2.3.2). Income can also determine 

dietary habits through self-esteem and budget (section 1.2.3.1). Factors closer than education 

also include cognitive and emotional skills (section 1.2.3.1). Finally, migration status can 

influence dietary habits through attitudes towards life and the body, for example (section 

1.2.3.2). Other factors can also be mentioned, such as physical activity and body mass index, 

provided that they are indeed determinants of dietary habits. 

In assessing the causal association between a proximal factor and diet (P and O in our notation), 

attention should be paid to a third factor that may confound this association (C in our notation). 

Confounding occurs when the observed association between a proximal factor and diet is due, 

at least in part, to a third proximal factor that is associated with the former proximal factor and 

causally associated with diet.133 Thus, confounding is a causal concept and is described as a 

³mi[ing´ oU a ³blXUUing´ of effecWV.134 Ignoring this confounding factor can lead to an erroneous 

estimation of the association, such as over- or underestimating. Confounding can be controlled 

by different methods, either during the study design with random allocation into intervention 

 
a The use of the terms ³proximal´ and ³distal´ is currently being discussed as they are subject to distortion.131 In 
the framework of this work, these terms are only used in relation to the causal pathway and therefore have no 
other meaning than those mentioned above. 
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groups, restriction to certain characteristics of the study population, or matching between 

subjects, or during analyses, through multivariable regressions.133 

When studying socioeconomic and sociocultural disparities in dietary habits (D and O in our 

notation, respectively), a variation in the association between these distal factors and dietary 

habits can also be observed after adjustment for another factor of social position. However, 

unlike proximal factors, it is complex to conclude to a misestimation of the studied association 

and therefore to confounding. Indeed, while confounding is based on causality, social position 

factors are far along the causal path to dietary habits, with many intermediate factors. Due to 

the distal relationship, socioeconomic and sociocultural factors may not be more causal than 

each other in relation to dietary habits. 

In fact, the variation that can be observed after the adjustment of a third factor is rather due to 

the interrelation of the social position factors studied. Although interrelated, these factors are 

associated with dietary habits through their own mechanisms, even though these factors may 

have commonalities. Indeed, while migration status is associated with socioeconomic status, 

for example, these factors are related to dietary habits differently at least in part (see section 

1.2.3). Therefore, even if the effects are statistically ³absorbed´, it cannot be concluded that 

there are no socioeconomic or sociocultural disparities when using multivariable modelling. 

Not considering a factor of social position in the study of socioeconomic and sociocultural 

disparities does not represent a conceptual error, since the association will not be incorrectly 

estimated. However, caution should be taken in order to avoid adjusting for overlapping factors 

and over-adjusting the relationship studied with intermediate factors like taste, preference or 

physical activity when it is a determinant of dietary habits, since the association obtained will 

not be more accurate. Over-adjustment corresponds to an ³undesirable consequence of the 

adjustment of an intermediate variable that lies on the causal path´ between social position 

and dietary habits.135 Controlling for this intermediate variable will bias towards null the 

association between social position and dietary habits.133 

 

Figure 7. Directed Acyclic Graph from distal factors (D) through proximal factors (P) to dietary habits (O), with 

confounder (C). 
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� 

Among all the methods theoretically available for describing adolescent diet in large-scale 

surveys and in the study of social disparities related to diet, the sFFQ seems to be the most 

adequate tool. Indeed, its short format is an advantage for multi-thematic surveys of 

adolescents. Restricted to the frequency of consumption of a few food groups, certain 

limitations must be kept in mind, such as its relative imprecision and its susceptibility to 

social desirability bias. Moreover, the study of social disparities in dietary habits raises 

specific issues. For example, the interrelationship between different social factors may 

complicate the interpretation of statistical results. In addition, caution should be taken 

not to adjust for intermediate factors in the relationship between social determinants and 

dietary habits, especially without using appropriate methods. This would lead to over-

adjustment and bias in the study of social disparities in dietary habits. 
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3. Objectives of the thesis 

3.1. Main objective 

The literature review highlighted socioeconomic and sociocultural disparities in dietary habits 

among adolescents. However, current knowledge still is too scattered. In addition, too little 

attention was paid to the role that certain socioeconomic and sociocultural factors can play in 

specific associations between an indicator of the social position and dietary habits of 

adolescents. Therefore, the aim of this doctoral thesis was to strengthen current knowledge by 

studying socioeconomic and sociocultural disparities in dietary habits among adolescents, 

using the Health Behaviour School-aged Children surveys conducted in French- and 

Dutch-speaking schools. This general objective was addressed in three chapters, each 

responding to a specific objective. 

3.2. Specific objectives 

Based on the 2014 French- and Dutch-speaking HBSC surveys, chapter III aimed: 

x To describe dietary habits among adolescents from different migration backgrounds; 

x To study socioeconomic disparities in dietary habits of adolescents from different 

migration backgrounds.  

Using the 1990, 2002 and 2014 French- and Dutch-speaking HBSC surveys, aims of chapter 

IV were: 

x To assess trends in the prevalence of food consumption among adolescents between 

1990 and 2014; 

x To determine how the dietary disparities related to the family structure and to the school 

region have evolved during this time period. 

Based on the 2018 French-speaking HBSC survey, chapter V aimed: 

x To estimate disparities in dietary habits according to the individual and contextual 

(school) socioeconomic status. 
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CHAPTER II. METHODS 

္ 

1. The ³Health Behaviour in School-aged Children´ survey 

1.1. General aims and objectives 

The HBSC study is a repeated cross-sectional and cross-national school-based research. It 

focuses on adolescent health behaviours, health and well-being. Initiated in 1982, the first 

HBSC survey took place in 1983/1984 under the aegis of the WHO Regional Office for Europe 

in five countries: England, Finland, Norway, Austria and Denmark.136 Since the second survey 

in 1985/1986, the HBSC WHO collaborative survey has been carried at four-year intervals in 

a continuously increasing number of countries in Europe and North America. In 2017/2018, 49 

countries participated in the tenth round of the survey.137  

In Belgium, the HBSC survey is conducted independently in French-speaking schools in the 

Wallonia-Brussels Federation (FWB), and in Dutch-speaking schools. In the French-speaking 

part, the first survey took place in 1986 and was initially carried out every two years before 

being repeated every four years from 1994.138 Until the 2014 survey, the protocol was not 

submitted to any ethics committee. Nevertheless, the solicited school authorities approved and 

allowed to carry out the surveys. Later, the 2018 survey received the authorisation from the 

Ethics Committee of the Faculty of Psychology at the Université libre de Bruxelles. In Dutch-

speaking schools, the survey started with the 1989/1990 round. It has been carried out every 

two years since the second survey in 1994, then at four-year intervals since the 2006 survey.139 

Data collection has been approved by the Ethics Committee of the University Hospital of 

Ghent.140,141 

The HBSC surveys aim Wo ³gain new insight into and increase understanding of adolescent 

health behaviours, well-being and health in their social context´.142 To achieve this goal, its 

main objectives are as follows: 

x ³TR cRnWUibXWe WR WheRUeWical, cRnceSWXal, and meWhRdRlRgical deYelRSmenW in Whe Vaid 

area [health behaviour, health and well-being] of research; 

x To monitor and to compare health behaviour, health, well-being and social contexts of 

school-aged children in member countries through the collection of relevant data; 
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x To disseminate findings to researchers, health and education policy makers, health 

promotion practitioners, school staff, parents, young people and other relevant 

audiences; 

x To provide an international source of expertise and intelligence on adolescent health 

for public health, health education and health promotion´.143 

1.2. Sampling 

Each survey should be based on the methods drawn up within the international protocol of the 

survey year, to the extent possible. The priority of the survey sampling is to draw a nationally- 

representative estimations;67 therefore, the methods to achieve this may differ between survey 

years and regions. The sampling plan targets the population of school adolescents aged 11, 13 

and 15 years.136 These ages correspond to the key periods of adolescence, that is the onset, 

followed by physical and emotional changes and related challenges, and the intermediate years 

when important life and career decisions are made.142 If a relatively large proportion of 

adolescents is held back or advanced, as is the case in Belgium, continuous grades should be 

sampled to achieve the representativeness of the three age groups.67 

The goal of the HBSC survey sampling in Belgium is to be representative of the population 

enrolled in full-time mainstream education in Dutch- and French-speaking schools, while 

respecting the internationally recommended minimum sample size of around 1,500 adolescents 

for the three target age groups.136 Since the precise information for the first surveys that were 

carried out during a pre-digital period is not available, only the sampling of the surveys used 

in this thesis will be described. 

In the French-speaking part, schools in the surveys from 1986 to 2002 were drawn from a 

random sample stratified for provinces, school networks and form of education.144 From 2010 

to 2018 surveys, schools were drawn from a random sample stratified proportionally to the 

distribution of the school population by province and education system.145±147 In the 2018 

survey, the number of schools selected in each stratum was proportional to the size of the 

schools (i.e. number of students) in these strata.147 In 2018, the Brussels-Capital Region was 

oversampled to enable specific analyses to be carried out, as done in Chapter V for instance. 

Due to the insufficient number of participating secondary schools for this survey, a second 

wave of data collection was carried among the schools in the initial sample that did not 

participate in the first wave.147 Within the selected schools, one class from each level from 5th 
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primary to 6th (or 7th) secondary was randomly selected,144±147 except in the 1986 survey for 

which only classes from 5th primary to 4th secondary were selected.144 All adolescents of the 

selected classes were invited to take part in the survey in spring, except between 1990 and 2002 

that took place in winter,144 and the second wave of 2018147 that took place in autumn. Overall, 

the number of participating schools ranged from 78 in the 1990 survey to 362 in the 2014 

survey, and the number of adolescents included in the survey database ranged from 3,509 in 

1990 to 14,748 in 2002 (Figure 8). 

In the Dutch-speaking part, the schools in the 2002 and 2014 surveys were drawn from a 

random sample representative of school networks.140,141 In 2002, within the selected primary 

schools, all adolescents in 5th and 6th primary were invited to participate; in the secondary 

schools, all adolescents of a randomly selected school year or about 100 adolescents in the 

selected school were invited to participate.140 In 2014, classes were selected using a random 

sample stratified proportionally to the distribution in schools of gender, grade level and type 

education.141 Afterwards, about fifty students per primary school and a hundred per secondary 

school were invited to participate.141 The information regarding the sampling procedure of 

1990 survey is not available and we assume that the sampling was drawn according to the 

international recommendations for that year.148 For the 1990, 2002 and 2014 surveys, 

adolescents took part to the survey in spring (also in winter for the 1990 survey). Overall, 48, 

197 and 98 schools participated in the surveys of 1990, 2002 and 2014, respectively, and 4,204, 

17,299 and 9,566 observations were available in the respective databases (Figure 9). 
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Invited 
schools

Participating 
schools

Observations  in 
the database

Primary 
schools

Secondary 
schools

Primary 
schools

Secondary
schools

Primary 
schools

Secondary 
schools

Primary 
schools

Secondary 
schools

Primary 
schools

Secondary 
schools

Primary 
schools

Secondary 
schools

1986 
survey

1990 
survey

2002 
survey

2010 
survey

2014 
survey

2018 
survey

265 261 387 394 406 401

N/A N/A N/A 526 781 807

53 45 41 37 84 63 169 193 132

98 78 N/A 147 362 266

1,451 2,142 1,272 3,377 3,962 10,786 2,594 8,116 3,071 10,966 4,118 10,289

3,593 4,649 14,748 10,710 14,122* 14,407

* 85 adolescents with
no identified level

134
1st wave: 68
2nd wave: 66

 

Figure 8. Flow chart of invited and participating French-speaking schools and adolescents for the HBSC surveys used in this research. 
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Invited 
schools

Participating 
schools

Observations in 
the database

Primary 
schools

Secondary 
schools

Primary 
schools

Secondary
schools

Primary 
schools

Secondary 
schools

1990 
survey

2002 
survey

2014 
survey

N/A 360 280

57 140

48 197 98

4,468 12,831

4,204 17,299 9,566*

90 270

1,100 3,104 2,286 7,276

* 4 adolescents with
no identified level  

Figure 9. Flow chart of invited and participating Dutch-speaking schools and adolescents for the HBSC surveys 

used in this research. 

1.3. Data collection 

The measurement instrument of the HBSC surveys is an international standardised 

questionnaire, consisting of a mandatory set of questions, optional packages and national 

items.67 Items are translated from English to the national language and then back-translated by 

a different translator in order to ensure that the same concepts are measured in all countries. 

All participating countries must use all the mandatory items in their questionnaire but are free 
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to add any optional and national packages. The mandatory part concerned all age groups 

excepting (i) the items related to cannabis use and sexual health that are only presented to the 

15-year-old adolescents, and (ii) the items considered highly sensitive in some countries. The 

mandatory items must comply exactly with the content and structure of the questions indicated, 

as far as translations will allow. Optional packages may be not presented to all age groups but 

should be placed after the mandatory items on the given topic area. Countries are encouraged 

to pilot the new questions to check clarity and translations issues, and to estimate the length of 

the questionnaire to ensure that sufficient time is allocated to answer the questions. Such a 

standardisation of the questionnaire enables to collect common data across countries, to make 

comparisons and to gather (cross-)national trend data with the successive surveys.67 

In Belgium, the questionnaires in French and Dutch differ due to the respective choice of 

optional packages and ³naWional´ TXeVWionV. Furthermore, different versions of the 

questionnaire have been developed per survey year, depending on the sensitivity of the 

questions and the specificities related to the school level. Nevertheless, such different versions 

of questionnaires have an impact that is deemed minimal for this work but are discussing when 

appropriate. 

In Dutch-speaking schools, four versions were developed in 1990 and designated as follows 

for: primary schools; 1st and 2nd years of secondary schools; 3rd and 4th years of secondary 

schools; from 5th year of secondary schools. In 2002, a questionnaire was developed for 

primary school and another one for secondary schools. For the 2014 survey, three 

questionnaires were developed, i.e. for primary school, for the first two years of secondary 

schools and for the 3rd year of secondary schools onward. 

In French-speaking schools, a single questionnaire was used in 1986. As to the other surveys 

used as part of this research, there were three versions, one of which being for primary schools. 

In 1990 and 2014,146 a version was also designed for adolescents in the first three years in 

secondary schools, and another version for older adolescents. In 2002144 and in 2010,145 

adolescents in Catholic secondary schools (only those from 1st to 4th year of secondary in 2010) 

received a shortened version. In 2018, a version was developed for adolescents in 1st and 2nd 

years of secondary school, and another for adolescents from 3rd year of secondary school 

onwards.147 The different versions have had no influence on our analyses, albeit parental level 

of education was only asked to secondary school adolescents. 
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Methods of administering the questionnaire can be paper-based or online.67 If both are used, 

the layout must be similar. The questionnaires in French and Dutch were paper-based,140,141,144±

147 excepting in the 2014 Dutch-speaking survey where questionnaires could also be completed 

online in secondary schools.141 Envelopes for all individual questionnaires on paper were 

provided. In this way, each adolescent put it in the envelope after filling it at school and sealed 

it themselves to ensure confidentiality. For anonymity, adolescents were advised not to write 

their name.67 They were informed that they could choose not to fill in the questionnaire or to 

skip questions if they wished to do so. No written parental (or guardian) consent was requested 

in Belgium so far. Instead, an opt-out consent has been chosen.141,147 

1.3.1. Individual-level data 

In addition to demographic, socioeconomic or sociocultural questions, adolescents are asked 

about their health behaviours, including diet. To collect information on dietary habits, a sFFQ 

was used throughout the surveys. IWV aim iV ³to assess the intake of important sources of dietary 

fibre (e.g. fruit, vegetable) and calcium (e.g. milk), and items of the youth food culture (e.g. 

soft drinks, sweets, crisps)´.67 The reliability and relative validity of the HBSC sFFQ have been 

studied among several dozens of Belgian and Italian children.149,150 The validity has been 

investigated first by comparing it with a food behaviour checklist and a seven-day food 

diary;149 second, the FFQ completed twice seven days apart was compared with a seven-day 

food diary.150 The reVXlWV indicaWed VXfficienW UeliabiliW\ and YalidiW\ foU ³ranking subjects 

according to consumption of the individual food items´149 but pointed out overestimation of 

consumption frequencies that must be kept in mind. The HBSC sFFQs used for this work 

differed at some point from the validated one regarding the food list. Nevertheless, since the 

validation studies proceeded food item by food item, there should be no downside to have not 

use the same sFFQ exactly. 

The layout of the sFFQ is a table including the general question, the modalities of answers and 

a list of food items (see Table 2). The sFFQ from the 2018 French-speaking survey is in the 

Appendix C as an example. The HBSC sFFQ has been revised for the 2002 survey. For this 

reason, the main differences in the sFFQ are between surveys prior to the 2000s and surveys in 

the 2000s years. In contrast to surveys prior to the 2000s, only a slight difference in terms is to 

be noted for the sFFQ question between the French- and Dutch-speaking surveys in 2000s 

(Table 3). Similarly, the answer modalities between the French- and Dutch-speaking surveys 

slightly differed since 2000s, while they differed substantially prior to 2000s (Table 4). Indeed, 
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the revision of the sFFQ led to an increase in the number of answer modalities from five to 

seven. The order changed in the Dutch-speaking surveys and was reversed compared to the 

French-speaking version. As the sFFQ includes mandatory and optional items, important 

differences in the item proposals may happen, especially for the surveys during the 2000s years. 

Eleven food items were mandatory in the 1986 survey (tea, coffee, fruit, coke or other fizzy 

drinks, sweets, vegetables, peanuts, potato crisps, chips/fried potatoes, hamburgers or hot dogs, 

and dark bread) whereas only four are mandatory since the 2002 survey (fruit, vegetables, 

sweets (candy or chocolate) and regular soft drinks).67  

1.3.2. Context-level data 

In addition to the information collected about adolescents, countries have the opportunity to 

collect context-level data through a school-level questionnaire.67 This questionnaire is 

completed by a school official, such as the head or a teacher. One of the main objectives of this 

questionnaire is to describe the main characteristics of schools, the school context and the 

structures and activities in schools regarding health promotion. Data on school-level were first 

collected in the 2006 wave by some countries.67 In Belgium, only the 2018 French-speaking 

survey includes a school-level questionnaire, mostly based on the international HBSC 

questionnaire.
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Table 2. General layout of the HBSC short Food Frequency Questionnaire.67 

Question 

 Frequencies 

Freq. 1 Freq. 2 Freq. 3 Freq. 4 Freq. 5 Freq. 6 Freq. 7 

Mandatory items Ƒ Ƒ Ƒ Ƒ Ƒ Ƒ Ƒ 

Optional items Ƒ Ƒ Ƒ Ƒ Ƒ Ƒ Ƒ 

National items Ƒ Ƒ Ƒ Ƒ Ƒ Ƒ Ƒ 

 

Table 3. sFFQ questions according to the survey year and region. 

Surveys Translated question Original question 

1986 and 1990 French-speaking surveys Do you drink or eat the following foods? Bois-tu ou manges-tu les aliments suivants ? 

1990 Dutch-speaking survey How often do you eat or drink one of the following 

products? 

Hoe vaak eet of drink je één van de volgende 

produkten? 

2002 and 2014 Dutch-speaking surveys HoZ man\ da\V a Zeek do \oX XVXall\ eaW oU dUink«? HoeYeel dagen peU Zeek of dUink jij geZoonlijk«? 

From the 2002 French-speaking survey onwards How many times a week do you usually eat or drink the 

following foods 

Habituellement, combien de fois par semaine bois-tu ou 

manges-tu les aliments suivants 
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Table 4. sFFQ answer modalities according to the survey year and region. 

Surveys Answer modalities 

1986  

French-Speaking 

Several times a day Once a day Every week but not 

every day 

Rarely Never   

1990  

French-speaking 

More than once a 

day 

Once a day At least once a 

week 

Rarely Never   

1990  

Dutch-speaking  

Every day Every week Every month Less than once a 

month 

Never   

2002 French-

speaking onwards 

More than once per 

day, every day* 

Once a day, every 

day 

5-6 days a week 2-4 days a week Once a week Less than once a 

week 

Never 

2002 Dutch-speaking 

onwards 

Never Less than 1 day a 

week/rarely 

1 day a week 2-4 days a week 5-6 days a week Once a day and this 

every day 

Every day, more 

than once 

* ³SeYeUal WimeV a da\ eYeU\ da\´ in Whe 2014 VXUYe\. 
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2. Analyses of dietary disparities among adolescents 

2.1. Sample studied 

For all analyses, the preferred strategy was to have a sample with the least amount of missing 

data. Firstly, only adolescents who responded to all covariates were included (complete cases). 

The next step differs according to the surveys analysed. For the analyses carried out on surveys 

up to 2014 (Chapters III and IV), the basis sample included adolescents who responded to 

the most frequently reported food consumption variable, i.e. fruit. For food consumption other 

than fruit, the sample size was therefore slightly smaller. For the analyses conducted on the 

2018 survey (Chapter V), the basis sample included adolescents who responded to the sFFQ 

as a whole. In fact, we initially planned to use the weighting factor calculated only for 

adolescents who responded to the entire sFFQ. Due to the complexity of the subsequent 

analyses, this factor could not be reliably taken into account. However, we did not change our 

strategy for defining the sample afterwards.  

The inclusion diagrams of adolescents in the analyses are displayed in the relative chapters. 

The maximum number of adolescents included for the main analyses in Chapter III was 

19,172. For the main analyses in Chapter IV, the maximum number was 8,001 in 1990, 29,825 

in 2002 and 21,939 in 2014. A total of 6,017 adolescents were included in the main analyses 

of Chapter V.  

2.2. Reprocessing data 

2.2.1. Food consumption 

For the analyses carried out as part of this research, food groups to be consumed in sufficient 

quantities and food groups to be consumed in a limited way were considered. Fruit, vegetables, 

dairy products, fish and water are food groups that should be consumed in sufficient quantities, 

whereas crisps and fries, and SSB are those which should be consumed in limited quantities.  

Categorisation of all food items was determined in order to correspond as closely as possible 

to the Belgian nutritional recommendations,34 while also being determined by the original 

answer modalities that have evolved significantly over time. Food frequency consumption were 

categorised into two groups ± daily and non-daily consumption ± excepting for analyses on 

socioeconomic disparities by migration status (Chapter III). For this chapter, food 

consumption was firstly grouped in three categories: a category corresponding as far as possible 
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to the Belgian nutritional policies; a category further away from Belgian nutritional policies; 

and an intermediate category. If no additional information was provided by the intermediate 

category, food consumption was then categorised into two groups. For all analyses, the 

reference category for the analyses was the most health-promoting dietary behaviour. 

For composite variables (dairy; crisps and fries; SSB), initial frequency consumption for each 

was transformed into a monthly frequency by multiplying the initial consumption by the 

number of weeks (4 for analyses in Chapter III; 4.35 for analyses in Chapter V) (Table 5). 

If Whe anVZeU modaliW\ ZaV a Uange (e.g. ³5 Wo 6 da\V a Zeek´), Whe aYeUage ZaV conVideUed 

(e.g. 5.5 days a week). The differences in frequency consumption in days per month were due 

to the more precise multiplying factor in Chapter V but did not lead to important differences. 

Afterwards, consumption frequency per month of all items was added up to obtain the 

composite frequency. The food groups, variables and categorisation, as well as its 

corresponding consumption of days per month used for analyses are summarised in Table 6, 

Table 7 and Table 8. 

Table 5.  Transformation of the original consumption frequencies into frequency consumption in days per month 

for variables making up the composite variables. 

Original frequency 

consumption 

Frequency in days 

per week 

Frequency in days per month 

Chapter IIIa Chapter Vb 

More than once a day  31 days/month 31 days/month 

Once a day  30 days/month 30 days/month 

5-6 days per week 5.5 22 days/month 24 days/month 

2-4 days per week 3 12 days/month 13 days/month 

Once a week 1 4 days/month 4 days/month 

Less than once a week 0.5 2 days/month 2 days/month 

Never 0 0 days/month 0 days/month 
a 4 weeks per month; b 4.35 weeks per month. 
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Table 6. Food groups, variables, and categorisation (reference category in bold; corresponding summed frequencies in days per month in grey) used for analyses on 

socioeconomic disparities by migration status (chapter III). 

Food groups Variables making up the composite variables Categorisation 

Fruit  > Once a day 5-7 days a week < 5 days a week 

Vegetables  > Once a day 5-7 days a week < 5 days a week 

Fish  ≥ 2 days a week < 2 days  

Dairy products 
Milk (whole milk; skim/semi-skimmed milk) 
Cheese 
Dairy products 

> Once a day 
(� 31 days/month) 

� Once a day 
(< 31 days/month)  

Crisps and fries Crisps 
Fries 

< Once a day 
(< 25 days/month) 

� Once a da\ 
(� 25 days/month)  

Sugar-sweetened 
beverages 

Coke or other sweetened lemonade 
Coke or other light lemonade 

≤ Once a week 
(< 4.5 days/month) 

2-6 days a week 
(4.5-24.5 days/month) 

� Once a da\ 
(� 25 days/month) 
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Table 7. Food groups, variables, and categorisation (reference category in bold; corresponding summed frequencies in days per month in grey) used for analyses on long-term 

trend in disparities (chapter IV). 

Food groups Variables making up the composite variables Categorisation 

Fruit  Daily Non-daily 

Vegetables 
In the 1989/1990 Dutch-speaking survey: 
Cooked vegetables 
Raw vegetables  

Daily Non-daily 

Sugar-sweetened 
beverages  Non-daily Daily 

 

Table 8. Food groups, variables, and categorisation (reference category in bold; corresponding summed frequencies in days per month in grey) used for analyses on contextual 

disparities (chapter V). 

Food groups Variables making up the composite variables Categorisation 

Fruit  Daily Non-daily 

Vegetables   Daily Non-daily 

Dairy products 

Whole milk 
Skim or semi-skimmed milk 
Cheese 
Yoghurt, cottage cheese 

Daily 
(� 26.5 days/month) 

Non-daily 
(< 26 days/month) 

Water  Daily Non-daily 

Crisps and fries Crisps 
Fries 

Non-daily 
(< 26 days/month) 

Daily 
(� 26.5 days/month) 

Sugar-sweetened 
beverages 

Coca and other sweetened beverages 
Coca light/zero and other light drinks 

Non-daily 
(< 26 days/month) 

Daily 
(� 26.5 days/month) 
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2.2.2. Individual characteristics 

As part of this work, the individual information included sociocultural and socioeconomic 

characteristics collected through the questionnaire completed by the adolescent, namely: 

gender, age, migration status, family structure, siblings, FAS, perceived family wealth, parental 

working status and level of education. Questions related to the parental education were only 

asked to adolescents in secondary school while all the others were asked to all age groups. 

The age of adolescents generally was calculated from the month and year of birth, and a given 

date of data collection. The day of birth was only asked for the 1986 French-speaking survey 

and the 2002 and 2014 Dutch-speaking surveys. For all other surveys or when data was missing 

for the above surveys, the day of birth was set at 15. Next, the age in completed years was 

categorised in two or three groups, depending on the study population.  

The migration status was defined based on the birth country of adolescents, that of their 

moWheU and WheiU faWheU, along ZiWh adoleVcenW¶V age of aUUiYal in BelgiXm foU Whe 2018 VXUYe\. 

Regardless of their country of birth, adolescents whose both parents were born in Belgium were 

conVideUed Wo be ³naWiYeV´ in VXUYe\V pUioU Wo Whe 2018 VXUYe\. Indeed, since the age of arrival 

was not available for these surveys, we assumed that foreign-born adolescents were mainly 

boUn abUoad ³b\ chance´ (dXUing holida\V foU inVWance) and WheUefoUe ZeUe noW VWUicWl\ 

immigrants. In the 2018 survey, adolescents were conVideUed aV ³naWiYeV´ Zhen boWh paUenWV 

were born in Belgium, and either the adolescent was born in Belgium or arrived in Belgium 

before one year. In the latter uncommon instance, we also assumed that the adolescent was 

born abroad ³by chance´, without important consequences on his/her health behaviours, and 

therefore could be deemed as a native. For all surveys, adolescents born in Belgium who had 

aW leaVW one paUenW boUn abUoad ZeUe conVideUed ³2nd-geneUaWion immigUanWV´. AdoleVcenWV 

born abroad whose boWh paUenWV ZeUe noW boUn in BelgiXm ZeUe conVideUed aV ³1VW-generation 

immigUanWV´. In Whe 2018 VXUYe\, foUeign-born adolescents who arrived after the age of one 

year, and whose boWh paUenWV ZeUe boUn in BelgiXm, ZeUe alVo conVideUed aV ³1st-generation 

immigUanWV´. 

The family structure ZaV defined b\ WhUee caWegoUieV: ³WZo-paUenW famil\´; ³blended famil\´; 

and ³Vingle-paUenW famil\´. The TXeVWionV on Zhich Whe caWegoUisation of the family structure 

was based have evolved throughout the surveys. Prior to the 2000s, adolescents were only 

asked who they were living with. From the 2002 survey, adolescents were also asked if they 

had a second home, and since the 2010 survey (since 2002 for Dutch-speaking adolescents) 
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how often they lived in that home. In addition, between the 2002 and the 2014 surveys (2010 

in the French-speaking part), adolescents were asked who they were living with in the second 

home. All these additional questions allowed us to better determine the family structure: 

- Adolescents who lived with both parents and, when the question was asked, reported 

haYing no Vecond home, ZeUe conVideUed Wo be liYing in a ³WZo-paUenW famil\´ VWUXcWXUe. 

This also applied to adolescents living with both parents who reported having a second 

home in which they were living less than half of the time. In this instance, the second 

house was assumed to be a holiday home. 

- To be conVideUed aV liYing in a ³blended famil\´, adoleVcenWV mXVW haYe UepoUWed liYing 

with a parent and a stepparent. 

- Adolescents mainly living with one paUenW ZeUe conVideUed aV liYing in a ³Vingle-parent 

famil\´. In addiWion, adoleVcenWV liYing ZiWh boWh paUenWV and haYing UepoUWed a Vecond 

home in Zhich Whe\ liYed half of Whe Wime ZeUe conVideUed Wo be liYing in a ³Vingle-

paUenW famil\´ VWUXcWXUe. 

- The family structure of an adolescent who reported living with both parents and a 

stepparent or with a parent and two stepparents cannot be determined. As a result, the 

adolescent was randomly assigned to a single-parent or a blended family structure. 

- Given the difficulties of interpretation resulting from the specificity and the 

heterogeneity of the living context, adolescents living in other situations such as foster 

care homes or with adults other than their (step)parents were not included in analyses.  

Adolescent siblings were determined by the number of brothers, sisters, half-brothers and half-

ViVWeUV. The\ ZeUe conVideUed Wo be ³Vingle child´ if Whe\ declared none of them. They were 

conVideUed Wo haYe ³Viblings´ if Whe\ had aW leaVW one bUoWheU, ViVWer, half-brother or half-sister. 

The Family Affluence Scale (FAS) measures the family wealth.66 This tool is reliable and 

valid, as explained previously (see section 1.2.3.1, ³overview on adolescents´). To get the 

FAS of an adolescent, a composite score is calculated based on six items (since 2014): holidays 

abroad the last 12 months with their family, ownership of up to two or more cars, up to three 

or more computers, up to three or more bathrooms, own bedroom and a dishwasher.66 The FAS 

score ranged from 0 to 13 and was divided into three categories based on quintiles. The first 

quintile (lowest FAS scores) corresponded to adolescents with a low FAS, the second to fourth 

to adolescents with a medium FAS and the fifth quintile to those with a high FAS. 
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Adolescents were asked how they felt financially about their family, choosing from five 

caWegoUieV Uanging fUom ³very well off´ Wo ³noW aW all well off´. The laVW WZo caWegoUieV (i.e. 

³noW so well off´ and ³noW at all well off´) ZeUe meUged dXe Wo Whe Vmall Vample Vi]e ZiWhin. 

Thus, the perceived family wealth was categorised in foXU: ³very well off´; ³quite well off´; 

³average´; ³not so/at all well off´. 

The parental working status was defined based on whether the father and the mother were on 

a job or not, and if they were not working, the reasons why they were not. Initially, we used 

this variable for two purposes: (i) to determine the availability of parents through their 

presence/absence at home; (ii) to estimate their financial situation. Therefore, four categories 

were defined for analyses caUUied oXW ZiWh Whe 2014 VXUYe\V: ³boWh paUenWV ZoUking´; ³one 

ZoUking paUenW and Whe oWheU aW home´; ³one ZoUking paUenW and Whe oWheU abVenW fUom home´; 

³no ZoUking paUenW´. 

- Adolescents with both parents working were categorised aV haYing ³boWh paUenWV 

woUking´. 

- AdoleVcenWV conVideUed aV haYing ³no ZoUking paUenW´ were those with both parents 

not working, along with those with a parent not working, and who did not have or were 

no longer seeing the second. 

- Adolescents with one working parent but no second working parent because he/she was 

seeking a job were categorised aV haYing ³one ZoUking paUenW and Whe oWheU abVenW fUom 

home´. ThoVe ZiWh one ZoUking paUenW bXW ZiWhoXW a Vecond paUenW ZeUe alVo in WhiV 

category. 

- Adolescents reporting to have one working parent but no second working parent 

because he/she was (pre-)retired, disabled, student or homemaker were categorised as 

haYing ³one ZoUking paUenW and Whe oWheU aW home´. The feZ adoleVcenWV ZiWh a 

working parent but who did not know if the second parent was in a job or the reasons 

why he/she was not, were also taken into account in this category. 

For the 2018 survey, the distinction between the presence and absence of the second parent 

was no longer made, mainly due to the small sample sizes in each case and the previous lack 

of results regarding this categorisation. The main purpose of this categorisation was to estimate 

WheiU financial ViWXaWion. ThXV, WhUee caWegoUieV ZeUe defined: ³boWh paUenWV ZoUking´; ³one 

ZoUking paUenW´; ³no ZoUking paUenW´. 
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- Adolescents with both parents working were categorised aV haYing ³boWh paUenWV 

ZoUking´, aV in Whe 2014 VXUYe\. 

- AdoleVcenWV conVideUed aV haYing ³no ZoUking paUenW´ ZeUe WhoVe ZiWh boWh paUenWV 

not working along with those with a parent not working and no information about the 

second parent.  

- Adolescents with one working parent and no information about the second parent or a 

non-working second parent ZeUe conVideUed Wo be haYing ³one ZoUking paUenW´.  

Secondary-school adolescents were asked about their motheU¶V and faWheU¶V level of education 

in 2018. When the adolescent lived in a two-parent family, the highest level of education was 

considered. For adolescents living in a single-parent or blended family, the level of the parent 

with whom the adolescent lived mattered. However, if we could not identify the parent with 

whom the adolescent lived most of the time, the highest level of education between the two 

parents was considered. Given the high number of missing data, an additional category was 

cUeaWed aV ³XndeWeUmined´. The ³pUimaU\ oU loZeU´ leYel of edXcaWion and Whe ³VecondaU\´ 

level of education were merged due to the small sample size of the former. Therefore, the level 

of education was categorised in WhUee: ³poVW-VecondaU\ edXcaWion´, ³VecondaU\ oU lower 

edXcaWion´ and ³XndeWeUmined´. 

2.2.3. School characteristics 

As part of this work, contextual data include information about schools on the region, the 

socioeconomic index (SEI), the proportion of immigrants, the selling food at school, the topics 

related to health or health promotion explicitly addressed in the school mission statement and 

the purpose of food projects. The school region was available for all surveys (sampling 

information). The school SEI and the proportion of immigrants, used for the 2018 survey, were 

extracted from official data for the former and from the individual HBSC data for the latter. 

The remaining contextual data were gathered through the 2018 school-level questionnaire. 

Since very few schools sold food and the nutrition-related characteristics of schools differed 

greatly between primary and secondary schools, analyses including school-level data other than 

school region were only carried out on adolescents from secondary schools. 

The region of the school was determined based on the postcode of the school and categorised 

in WZo (³Wallonia´; ³BUXVVelV-CapiWal´) oU WhUee (³FlandeUV; ³Wallonia´; ³Brussels-CapiWal´), 

depending on whether or not the Dutch-speaking survey was included in our analyses.  
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The socioeconomic index (SEI) of a school is officially used to determine the allocation and 

use of resources, and additional periods allocated in the context of differentiated teaching for 

schools.151 First, the school SEI is calculated based on individual characteristics of its 

population: per capita income, level of education, unemployment rates, labour force activity 

and social assistance rates, and occupational activities. Schools are then increasingly classified, 

from the lowest to the highest socioeconomic index. Afterwards, in primary and secondary 

schools separately, based on the cumulated school population, schools are distributed into 20 

classes (1: lowest socioeconomic schools; 20: highest socioeconomic schools), each 

comprising exactly 5% of the total population. As a result, some schools may belong to two 

classes.151 For the purposes of our analyses, only one class of the two classes was considered, 

i.e. the higher class. Based on the quartiles, three categories were defined.151 The first quartile 

corresponded to schoolV haYing a ³loZ Vocioeconomic inde[´ (claVVeV 1 Wo 5), Whe Vecond Wo 

VchoolV of ³mediXm Vocioeconomic inde[´ (claVVeV 6 Wo 10), and Whe laVW WZo TXaUWileV Wo 

VchoolV ZiWh a ³high Vocioeconomic inde[´ (claVVeV 11 Wo 20). In fact, low-SEI schools are 

100% beneficiaries of resources and additional periods granted. Medium-SEI schools are 50-

75% beneficiaries under certain conditions. No resources and no additional periods are granted 

to high-SEI schools. 

Due to its correlation with the school region, the proportion of immigrants per school was 

only used for analyses carried in the Brussels-Capital sample. This variable was determined by 

dividing the number of immigrants by the number of immigrants and natives participating in 

the survey. Missing information on migration status was not included in the denominator, 

resulting in no missing data for this variable. The proportion of immigrants per school in 

Brussels-Capital ranged from 50.0% to 100%. It was categorised into terciles. The first tercile 

coUUeVponded Wo VchoolV ZiWh a ³loZ pUopoUWion of immigUanWV´ ([50.0-67.3%[), the second to 

VchoolV ZiWh a ³middle pUopoUWion of immigUanWV´ ([67.3-91.2%[) and the third to schools with 

a ³high pUopoUWion of immigUanWV´ ([91.2-100%]). Exploratory findings highlighted a high 

correlation between the proportion of immigrants per school (MIG) and the school 

socioeconomic index (SEI). Therefore, a composite variable SEIxMIG was created, with five 

caWegoUieV: ³high SEI, loZ MIG´; ³mediXm SEI, loZ MIG´; ³mediXm SEI, middle MIG´; ³loZ 

SEI, loZ oU middle MIG´; ³loZ SEI, high MIG´. FoU Whe loZ SEI VchoolV, loZ and middle 

MIG were merged due to the small sample size of the low MIG in low SEI schools (n= 10). 

Combinations not mentioned actually did not exist. 
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Through the school-level questionnaire, schools were asked whether topics related to health 

or health promotion were explicitly addressed in the school mission statement (yes/no). 

Schools were also asked whether the purpose of food projects was to increase the 

conVXmpWion of fUXiW and YegeWableV, Zhole gUainV« (\eV/no); Wo limiW Whe conVXmpWion of 

VZeeWV, cUiVpV, VXgaU\ dUinkV« (\eV/no); Wo inclXde fUXiW oU YegeWableV aW Vchool eYenWV (\eV/no). 

They additionally were asked whether adolescents could buy or not certain products when they 

had access to food buying places inside the school. The selling food at school comprised: 

bottles of water; sugar-sweetened drinks, fruit drinks that are not 100% pure juice, or so-called 

sports drinks (Aquarius®, Gastorade®«); flaYoured milk; chocolate, sweets, cookies, cakes 

or ice cream; crisps or fries; fruit; vegetables or salads; filled sandwiches; pizzas or burgers; 

whole grain bread or other whole grain products. All of these elements were grouped into three, 

using a classification method preceded by the Multiple Correspondence Analysis (MCA). The 

three groups represented schools that sold: (1) few foods; (2) mainly health-impairing foods; 

(3) lots of foods (see Chapter V, section 2). 

2.3. Statistical analyses 

General outline of statistical analyses is presented by chapter hereafter, and more details are 

given in the corresponding chapter when necessary. The global analysis strategy is summarised 

below. Throughout the analyses, the reference categories were assumed to be the most 

favourable category in terms of health.  

All analyses were performed using Stata/IC 14® (StataCorp, College Station, TX, USA), except 

for MCA and clustering which were performed using R software. Statistical significance of all 

tests was set at 0.05 unless other specifications. 

2.3.1. Migration status as an effect modifier of the association between 

socioeconomic status and dietary habits ± Chapter III 

Preliminary analyses strongly guided the analyses presented in Chapter III. First, they 

revealed a significant number of interactions. These interactions were first evaluated on the 

basis of the overall P value of the two-way term based on dummy independent variables, which 

was included in the univariate and multivariate models. In the case where the overall P value 

was less than 0.1, we explored the consistency of the differences in association across 

population sub-groups. These results, combined with the literature and a priori hypotheses, led 

us to stratify our analyses by migration status. Next, stratified analyses conducted on the food 
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groups categorised into three revealed that the intermediate category of some groups did not 

provide additional information. Some food groups were subsequently categorised into two. 

Thereby, the analyses of Chapter III to determine dietary disparities: (i) focused on food 

groups categorised into two or three, and (ii) were stratified by migration status. 

Multilevel analysis, outlined in Appendix D, was required to handle the hierarchical structure 

of the 2014 HBSC data resulting from sampling plan (adolescents [level 1] nested in classes 

[level 2], in turn nested in schools [level 3]).152 Such a structure can result in correlated or non-

independent data. Thus, we might expect that two randomly-selected adolescents from the 

same class and the same school should be more alike regarding food frequency consumption 

than two adolescents from different classes and schools.153 In other words, characteristics of 

the class and the school, particularly in terms of nutrition, might influence adolescent dietary 

habits. However, we assumed that influence of the class characteristics on dietary habits were 

marginal compared with those of schools. Therefore, only the school level was considered in 

multilevel analyses. 

The first step before performing multilevel analyses is to determine whether dietary habits 

actually differ between schools or not. Hence, a likelihood ratio test comparing the one-level 

model to the two-level random intercept modela is performed.154 When the null hypothesis of 

no group difference is rejected (P value significant), the two-level model is retained. A 

significant test implies that the more complete (i.e. two-level) model fits better than the less 

complete (i.e. one-level) model. However, to make the results easier to interpret and to be 

consistent, multilevel models were carried out for all food groups, including those for which 

there was no group difference. Nevertheless, the lack of contextual data did not make possible 

to further investigate the possible school effect. In fact, there was no school-level questionnaire 

available for the 2014 survey, which was only developed from the 2018 survey. 

The strategy adopted here for the multilevel analyses was to carry out a series of models. The 

first model (null model) is an empty model that consists of the school-specific random effect 

without any independent variables. Associations between independent variables 

(socioeconomic characteristics) and a given food consumption were then evaluated by 

univariate regression (model 1). Finally, multilevel binary logistic regression was performed 

for food groups with consumption frequencies in two categories (odds ratio (OR) and 95% CI); 

multilevel multinomial logistic regression was used for food groups with consumption 

 
a School residuals 𝑢௝ are not fixed and are considered to vary across schools 
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frequencies falling into three categories (relative risk ratio (RRR)a and 95%CI). All covariates 

with a P value < 0.20 in the univariate analyses were included in the initial multivariable 

regression model. Manual backward stepwise selection was used to determine the final model 

(model 2), consisting of iteratively removing the predictor with the highest P value, and higher 

than 0.05. In order to facilitate comparisons of findings between migration groups, a 

socioeconomic predictor significantly associated with food consumption in a given migration 

status group was retained for all other migration status groups. 

Finall\, addiWional anal\VeV ZeUe peUfoUmed Wo eVWimaWe Whe Uole of immigUanWV¶ geogUaphical 

origin on disparities. Further stratifying analyses on the origin of immigrants was not relevant 

since the sample size of some categories were already small. Therefore, we opted to 

subsequently adjust analyses on the origin of immigrants. Nevertheless, it should be noted that 

the categories remain very heterogeneous and do not allow a meaningful interpretation of the 

effect modification of the migration status. 

2.3.2. Long-term trends in dietary disparities ± Chapter IV  

Studying trends in inequalities over a long period of time is challenging. First, it considerably 

limits the choice of variables to be studied due to several changes in the items collected 

throughout the surveys. In addition, it requires a measure that helps to compare these 

inequalities over time. For this purpose, we have used the Relative Index of Inequality (RII) 

and the Slope Index of Inequality (SII).60 The use of these measures facilitates the comparison 

of inequalities at different points, such as time or place, by considering the population size and 

the relative position of groups. Furthermore, these aggregate measures of the magnitude of 

inequalities take into account the whole distribution and not only the extreme groups,60 

allowing the situation of intermediate groups to be considered. In short, the RII and the SII are 

used to quantify the gradient of inequality related to a characteristic in relative and absolute 

terms, respectively.60 

The RII and SII are complementary in the results interpretation. All relative differences being 

equal, an absolute difference can be much higher when frequency of unfavourable food 

consumption is high compared with a situation where the frequency is low.155 Moreover, 

absolute and relative differences can move in opposite directions, meaning that the absolute 

difference may decrease over the time while relative difference increases. Therefore, both 

 
a RRR are interpreted similarly to OR but they differ on one point: not one but several categories are compared to 
the same reference category. 
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measures should be considered to better understand the trends in inequalities. In addition, the 

interpretation of the RII and SII must be related to the Population Attributable Factor (PAF).156 

Indeed, changes in inequalities may result from a shift in the population structure. Thus, an 

increase over time in RII and SII could be due to an upward shift in the population, with an 

increase in the proportion of the population at the top of the hierarchy. If this is the case, then 

the PAF should decrease over the same time period.156 

All the analyses of Chapter IV were stratified by survey year. Firstly, the categories of the 

different characteristics studied (i.e. family structure, school region and migration status) were 

ranked based on prior hypothesis.110,157 Subsequently, a modified-ridit transformation158,159 

was applied to obtain a ranking score xi between 0 and 1. The ranks 𝑥𝑖  were determined as 

follows: 

𝑐𝑖 ൅ 𝑐𝑖−1

2
  

where ci the fraction of the population in the class i or lower (c0 = 0 and ci = 1).159 

According to this formula, the scores 𝑥𝑖=0 and 𝑥𝑖=1 correspond to hypothetical categories. 

Based on the ranking of the categories, a score of 0 corresponds to the so-called hypothetical 

best-placed category, i.e. those who should have the lowest prevalence of unfavourable dietary 

habits. Conversely, a score of 1 corresponds to the so-called hypothetical worst-placed 

category, i.e. those who should have the highest prevalence of unfavourable dietary habits. 

For each food group, crude RII and SII were estimated first. Secondly, RII and SII were 

adjusted for all the independent variables. Trends over time in RII and SII were estimated by 

including a two-way interaction term modified-ridit score by survey.160 In the case where the 

evolution of RII and SII was quadratic, a test for quadratic trend was performed (including 

survey year squared in the two-way interaction term). 

For these analyses, we opted for a Poisson regression rather than a logistic regression. The 

prevalence ratios (PR) obtained using Poisson regression are more interpretable and easier to 

understand than OR in cross-sectional studies. Namely, OR cannot be interpreted as PR given 

that OR can strongly overestimated PR.161 Nevertheless, a disadvantage of Poisson regression 

is that it is not yet sufficiently developed in the usual statistical software and cannot be used 

properly with some advanced statistics methods, such as multilevel analyses (Chapters III and 

V). In this Chapter IV, the structure of the data could not be taken into account because the 

older databases did not reliably include class or school information. 
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2.3.3. Individual and school socioeconomic disparities in dietary habits ± 

Chapter V  

Preliminary analyses revealed that contextual variables, especially food sold at school, were 

rarely associated with food group consumption (data not shown). We then assumed that the 

school environment as a whole could influence dietary habits, but the magnitude of each health 

promotion action was much less impacting. Therefore, we performed an MCA, outlined in 

Appendix E, Wo VWXd\ Whe aVVociaWionV beWZeen all Whe Vchool YaUiableV¶ caWegoUieV.162 

First of all, we carried out an MCA on all the contextual variables (see section 2.2.3). This 

MCA enabled to distinguish six groups that could be summarised into two following the two 

principal components: food sales vs. all other contextual variables (data not shown). Then, we 

calculated two scores according to the two summarised groups by assigning a weight (i.e. 

coordinates on the axis) to each variable. Again, scores were rarely associated with food 

consumption (data not shown). Finally, such results added to the literature suggested that 

structural and contextual variables related to health promotion should be considered separately 

and that the foods sold should be considered together using clustering. 

Before performing clustering, missing data were imputed using R, to avoid not including a 

whole school in the subsequent analyses. Then, an MCA was performed on foods available at 

schools and was intended to be the preliminary step to hierarchical clustering.162 Indeed, one 

solution to avoid instability163 is to first transform categorical variables into quantitative 

variables before performing a hierarchical clustering. 

Clustering method, an unsupervised classificationa, aims to classify patternsb into clusters 

based on similarity.164 Among the numerous methods,164 we have chosen to perform a 

Hierarchical Clustering on Principal Components (HCPC). As suggested by its name, this 

method is performed on principal components that were obtained through the MCA. 

To create the clusters, the agglomerative method used consists in beginning with each school 

belonging to a distinct group.164 Then, the schools are merged given their similarity until all 

Whe VchoolV aUe in Whe Vame gUoXp. The meWhod of meUging folloZV Whe WaUd¶V cUiWeUion164 and 

aims to minimise the increase in within-group inertia, the inertia being defined as the squared 

Euclidean distance between schools.166. The number of clusters to retain was chosen based on 

 
a Groups are not known a priori 
b A pattern consists of a vector164 such that obtained by the MCA165  
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the change in inertia along with the interpretability of the clusters. Thus, Q clusters were 

retained when Q minimised the criterion ∆ሺ𝑄ሻ
∆ሺ𝑄+1ሻ, with ∆ሺ𝑄ሻ the between-inertia increase.167 

According to this, four clusters should have been selected for analyses in Chapter V, but these 

were not easily interpretable. As a result, we have reduced the number of clusters to three. 

Multilevel analyses were performed to handle the data structure (adolescents < classes < 

schools). Preliminary analyses confirmed that dietary habits were not influenced by class 

characteristics in addition to those of schools (data not shown). Therefore, only the school level 

was considered in analyses of Chapter V.  

As for Chapter III, a succession of models was carried out. The first model (model 1), also 

known as the null model, is an empty model that consists of the school-specific random effect 

without any independent variables. In the second model (model 2), individual-level variables 

were added up to the model 1 estimating the school effect. Then, a third model (model 3) was 

performed and consisted in evaluating the school-level variables (including clusters) together 

with the individual-level variables and the school effect. Among others, this strategy allowed 

to describe the change in the group effect explained by the variables at the individual- and 

school-levels. 

In models 2 and 3, the slopes of all the independent individual-level variables can be allowed 

to vary across schools, leading to a very complex and difficult to estimate model. Hence, if the 

effect of a variable is not different from one group to another, it is not necessary to use a random 

slope. To determine whether the slope should be fixed or random, a likelihood ratio test is 

performed,168 comparing a first model with a fixed slope nested in a second with a random 

slope. The random slope model is retained when the P value is statistically significant, meaning 

that this model fits better than the fixed slope model. We allowed all the independent 

individual-level variables to vary in turn across schools in models 2 and 3. However, no P value 

of the likelihood ratio test was significant. Therefore, all the independent individual-level 

variables were fixed across schools. Note that contextual variables, which are specific to 

schools, may also vary and could be considered at a higher level, i.e. level 3. However, we did 

not use such a level in our analyses. 

Measures and interpretation of multilevel analyses 

In contrast to chapter III, the analyses in this chapter went beyond the simple consideration of 

the within-cluster correlation, in particular by including school-level variables. In addition to 
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specific measures for multilevel analyses that are necessary to understand the hierarchical data, 

school-level measures are needed to properly interpret the results. Two main types of measures 

can be distinguished in multilevel analyses: the measures of association between the food 

frequency consumption (our topic) and the independent variables, such as the OR, and the 

measures of components of variance and of heterogeneity, such as the variance partition 

coefficient.153 The latter measures help better evaluate the general contextual effects.153 

The logit of the intercept 𝛽0 is the probability of having a food frequency consumption 

detrimental to health at an average school (model 1) for an adolescent of reference (model 2) 

and a school of reference regarding school characteristics (model 3).153 An ³aYeUage Vchool´ 

means a school whose random effect is equal to zero. An adolescent and a school of reference 

mean that individual and school covariates, respectively, equal to zero too.153 

The interpretation of the Odds Ratio is conditional on other independent variables and school-

specific random effect, leading to a within-school interpretation.153 Therefore, the OR of 𝑋𝑖௝ in 

model 2 determines the association between variable 𝑋𝑖௝ and the food frequency consumption, 

adjusted on the other independent variables for adolescents within the same school. 

Nevertheless, the interpretation of the OR of 𝑍௝ (school-level independent variables) is 

problematic because, by definition, the value of the school-level variable is constant for all 

individuals in the school. Therefore, in order to properly assess the association between the 

food frequency consumption and the school-level variables, another measure is presented: the 

Proportion of Opposed Odds Ratios (POOR).153 

The Proportion of Opposed Odds Ratios iV Whe pUopoUWion of paiUZiVe OR ³ZiWh Whe oppoViWe 

diUecWion Wo Whe oYeUall OR´.169 A pairwise OR means an OR comparing two adolescents 

³whose values of a school-level independent variable differs by one unit but who have identical 

value for other individual- and school-level independent variables´.153 The values of the POOR 

range between 0 and 50% and provide information on the homogeneity of the association.153 

The closer to zero the POOR, the more homogeneous the association. Conversely, the closer 

to 50%, the more heterogeneous the association. For instance, a POOR equals to 0% means 

that the direction of the association is the same for all schools, albeit the strength may differ. 

A POOR of 50% implies that it is not possible conclude to an association between the given 

variable and dietary habits. 

The Variance Partition Coefficient (VPC) is the proportion of the residual variation in food 

frequency consumption that is attributable to systematic difference between schools,153 i.e. 
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between-group variations. The VPC values range from 0 to 1. The closer the VPC value is to 

one, the more adolescents from the same school have the same frequency of food consumption. 

Conversely, if the VPC is close to zero, adolescents from the same school would be no more 

alike regarding food consumption than those coming from a theoretical simple random sample 

of the population. Interestingly, since the individual-level variance is fixed when using latent 

variable formulation in binary logistic regression, a scale correction factor was applied to the 

variance of models 2 and 3, resulting in a corrected VPC.153 

The Median Odds Ratio (MOR), a measure of heterogeneity, is the median of the set of OR 

that could be obtained by comparing two random adolescents from different schools with the 

same values for the independent variables (characteristics): one at higher risk of having an 

unhealthy food frequency consumption and one at lower risk.153 Therefore, in half of 

comparisons, the odd of having a food frequency consumption detrimental to health would be 

less than the MOR for an adolescent at the school at higher risk, compared to another adolescent 

attending a school at lower risk.153 One feature of interest of this measure is that it is directly 

comparable with the measures of association of individual- and school-level variables. This 

makes it possible to determine whether the magnitude of the effect of clustering (contextual 

effect) is smaller or greater than that of the individual or school characteristics.153 

The Proportional Change in Cluster Variation (PCV) quantifies the variation explained by 

a multilevel model (e.g. model 2 or model 3).153 The PCV allows to describe the change in the 

group effect explained by the variables at the individual- and school-levels.  
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CHAPTER III. SOCIOECONOMIC DISPARITIES IN 

ADOLESCENT DIET: MIGRATION STATUS AS A 

MODIFIER 

္ 

1. Introduction 

The literature review pointed to growing evidence that in high income countries, adoleVcenWV¶ 

diet varies according to their social position, despite some limitations regarding several food 

groups.99 Numerous studies consistently found an association between socioeconomic status 

and dietary habits of adolescents.170,171 However, research remains very scattered in terms of 

sociocultural position. Until now, studies mainly conducted in the U.S. oriented towards ethnic 

groups,172,173 making the transposition of the findings to Belgium complex and doubtful. With 

regard to migration status, studies are even rarer,114,174 like among adults.82 Nevertheless, it has 

been shown that immigrant adolescents tend to gradually mimic the diet of native-born 

adolescents114,174 through an acculturation process. However, this research was mainly carried 

out in particular contexts (such as in Balearic Islands)114 or concerned only immigrants of 

limited origins.174 In view of all these results, the first objective of this chapter was to estimate 

the dietary habits of adolescents living in Belgium according to their migration status, i.e. 

natives, 2nd-generation immigrants or 1st-generation immigrants (see definition Chapter II, 

section 2.2.2). 

While studies on the association between social position and diet have multiplied in recent 

times, none of them focused on the interplay of indicators, particularly between socioeconomic 

position and sociocultural background. Yet a modifying effect of sociocultural background on 

the association between socioeconomic position and health has already been observed in 

adults175 and adolescents.130 It is therefore to be expected that migration status may modify the 

association between socioeconomic indicators and adolescents' dietary habits. Thus, the second 

objective of this chapter was to estimate the socioeconomic disparities in the dietary habits 

in adolescents of different migration status. 

These two main objectives have been addressed in the paper presented in section 2. The 

analyses presented in this paper were based on data for adolescents aged 10 to 19 years from 

the French- and Dutch-speaking surveys of 2014. The supplemental materials of the paper are 
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presented in appendices F-H of the doctoral thesis: (i) multilevel logistic regression models 

that related to the main results in the main text, but presented in a figure form (Appendix F); 

(ii) multilevel logistic regression stratified by geographical origin of immigrants (Appendix 

G); and (iii) comparison between the characteristics of adolescents included in the analyses 

and of those eligible but not included (Appendix H).  

To summarise the main findings related to these objectives, a migration gradient in the dietary 

habits of adolescents was actually highlighted. Specifically, favourable frequency consumption 

gradually increased (for healthy food, such as vegetables or fish) or decreased (for unhealthy 

food, like crisps and fries) from natives to 2nd-generation immigrants, and from 2nd-generation 

immigrants to 1st-generation immigrants. Moreover, several socioeconomic disparities were 

identified in dietary habits of adolescents. These were mainly observed in natives and, to a 

lesser extent, in 2nd-generation immigrants. Even more limited socioeconomic disparities were 

found among 1st-generation immigrants. 

These findings raise the question of whether these migration-related differences in 

socioeconomic disparities between adolescents are more driven by the culture or by the 

socioeconomic conditions. In order to help address this issue, insight into the description of 

socioeconomic characteristics of the immigrant adolescents in Belgium, in comparison with 

natives, is required. Besides, Belgium has a special migration history, with countries of origin 

and reasons for immigration varying greatly over the years.75 Studying the changes in 

immigrant characteristics would help document whether history is reflected in the 

characteristics of the HBSC adolescents, and therefore whether the 2014 survey stood out from 

the others. Thus, complementary analyses were carried out and aimed to describe the 

socioeconomic characteristics of adolescents according to their migration status and 

throughout the survey years (section 3.1). 

Furthermore, the migration gradient in the dietary habits of adolescents observed in the 

published paper suggests a process of acculturation, as mentioned above.114,174 The issue of 

dietary acculturation deserves more attention among 1st-generation immigrant adolescents. 

Indeed, these adolescents can be distinguished on many characteristics that can have an impact 

on such a process, like, among others, the proportion of their life spent in the host country. 

Although too little investigated, we assumed that the higher the proportion of time spent in 

Belgium by 1st-generation immigrants, the closer they are to the dietary consumption of 2nd-

generation immigrants and natives who have spent their whole life in Belgium. In this respect, 
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additional analyses aimed to determine the food consumption of adolescents according to 

the proportion of their past life in Belgium. These additional analyses came from a Public 

HealWh maVWeU¶V WheViV deYeloped dXUing Whe academic \eaU 2019-2020 and were based on the 

2018 HBSC survey conducted in French-speaking schools (section 3.2). They should therefore 

be considered as an exploratory illustration of this hypothesis. 

2. Published paper: ³Socioeconomic disparities in diet vary according to 

migration status among adolescents in Belgium´ 
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Abstract: Little information concerning social disparities in adolescent dietary habits is currently
available, especially regarding migration status. The aim of the present study was to estimate
socioeconomic disparities in dietary habits of school adolescents from different migration
backgrounds. In the 2014 cross-sectional “Health Behavior in School-Aged Children” survey
in Belgium, food consumption was estimated using a self-administrated short food frequency
questionnaire. In total, 19,172 school adolescents aged 10–19 years were included in analyses.
Multilevel multiple binary and multinomial logistic regressions were performed, stratified by
migration status (natives, 2nd- and 1st-generation immigrants). Overall, immigrants more frequently
consumed both healthy and unhealthy foods. Indeed, 32.4% of 1st-generation immigrants, 26.5% of
2nd-generation immigrants, and 16.7% of natives consumed fish �two days a week. Compared to
those having a high family affluence scale (FAS), adolescents with a low FAS were more likely to
consume chips and fries �once a day (vs. <once a day: Natives aRRR = 1.39 (95%CI: 1.12–1.73); NS in
immigrants). Immigrants at schools in Flanders were less likely than those in Brussels to consume
sugar-sweetened beverages 2–6 days a week (vs. once a week: Natives aRRR = 1.86 (95%CI:
1.32–2.62); 2nd-generation immigrants aRRR = 1.52 (1.11–2.09); NS in 1st-generation immigrants).
The migration gradient observed here underlines a process of acculturation. Narrower socioeconomic
disparities in immigrant dietary habits compared with natives suggest that such habits are primarily
defined by culture of origin. Nutrition interventions should thus include cultural components of
dietary habits.

Keywords: migration status; dietary habits; food frequency questionnaire; socioeconomic disparities;
adolescents

1. Introduction

High consumption of foods such as chips and fries [1] and sugar-sweetened beverages (SSB) [2]
might be associated with increased noncommunicable diseases (NCD); by contrast, adequate
consumption of fruits, vegetables [2,3], fish [2], and dairy products [4] might reduce NCD and all-cause
mortality. Furthermore, it has been estimated that up to two-thirds of NCD social inequalities may be
explained by dietary disparities [5,6].
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In addition, evidence indicates that dietary habits during adolescence may continue into
adulthood [7–9]. To implement effective prevention of NCD throughout the lifetime, disparities
in adolescent eating behavior warrant elucidation. However, information on this topic is scarce in
Western countries. Although several studies have pointed out the association between dietary habits
and socioeconomic status (SES) among adolescents [10,11], SES may not explain all observed variations.

Among other determinants of dietary habits, migration status may play a role [12,13]; however,
published studies are rare, even among adults, and are often oriented towards a specific ethnic
group [12,13]. Studies on health related to migration have revealed a mortality advantage in
immigrants compared to natives, despite the lower SES of most immigrants [14]. This paradox
could be explained by the “healthy-migrant effect”, i.e., positive self-selection, and an unhealthy
return-migration effect, also known as the “salmon-bias hypothesis” [14]. However, these selection
processes are subject to caution; “beneficial cultural and behavioral factors”, like dietary habits,
may be the most plausible explanation for this paradox [14]. The immigrant health advantage
may also tend to wear off with length of stay in the host country, mostly due to an acculturation
process [15,16], wherein foreign individuals partially integrate behaviors and cultural aspects of the
host population while maintaining their roots [17]. This has been highlighted in some adult dietary
studies and suggests gradual adaptation to the natives’ eating habits according to years spent in the
host country [18]. In adolescents, dietary habits varying according to migration status (including a
gradient across migration generations) might also be expected, but such investigations have thus far
been limited [19,20].

An effect modification between migration status and socioeconomic characteristics was
emphasized in a previous study on adult self-rated health: A gradient was revealed across social classes
in natives, which was not the case for immigrants from poor countries [21]. Similarly, in adolescents,
a clear gradient throughout family affluence categories was observed for health-related quality of life
in natives but not in immigrants [22]. Therefore, a possible effect modification of migration status on
socioeconomic characteristics should be considered when evaluating disparities in dietary habits.

The aim of this study was to estimate socioeconomic disparities in dietary habits of school
adolescents from different migration backgrounds. We first hypothesized that adolescent immigrants
have healthier dietary habits than natives and that food consumption frequencies increase or decrease
gradually according to the migration generation, related to an acculturation process. Secondly,
we assumed that migration status might modify the association between socioeconomic characteristics
and dietary habits in adolescents.

2. Materials and Methods

Research was carried out using data from the “Health Behavior in School-Aged Children” (HBSC)
survey conducted in 2014 in Belgium. The cross-national HBSC survey takes place every four years in
around 40 countries in Europe and North America under the aegis of the World Health Organization
(WHO) Regional Office for Europe. Its goal is to produce comprehensive indicators supporting
implementation of health prevention and promotion policies and interventions. Questionnaires are
self-administrated in the classroom, and anonymity and data confidentiality are guaranteed [23].

Belgium has a regionalized administration in which wide demographic variations are observed,
including those concerning migration. In 2014 in Belgium, this study was carried out separately in
French- and Dutch-speaking schools covering the three regions, Wallonia, Flanders, and Brussels,
with the latter including both French- and Dutch-speaking schools.

This survey was carried out according to guidelines articulated in the Declaration of Helsinki.
For French-speaking schools, the survey was approved by school authorities. This protocol was
not submitted to a medical ethics committee in view of the topics and methods used for data
collection (Belgian law of May 7, 2004 and Advisory Committee on Bioethics of Belgium, opinion n�40,
12/2/2007). For Dutch-speaking schools, the study was approved by the ethics review committee of
the University Hospital of Ghent (project EC/2013/1145). Following advice from school authorities,
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no written consent was requested for French-speaking schools; for the Dutch-speaking schools, consent
was passive. Adolescents were clearly informed about survey content and about their full right to
refuse to fill out the questionnaire or answer specific questions. All procedures used during data
collection enabled confidentiality and anonymity.

2.1. Sampling

The French- and Dutch-speaking surveys were conducted on a random sample stratified
proportionally with the school networks and included public and private schools. In addition, in the
French-speaking part, the sample was stratified proportionally with the province (n = 6); in the
Dutch-speaking part, it was stratified proportionally with the form of education (ordinary, general,
technical, vocational, art secondary education, and non-native newcomer classes).

In all regions, schools were first randomly selected based on an official list. Next, classes from
fifth grade elementary school (corresponding to adolescents aged ± 10 years) to the final grade of
the secondary school (corresponding to adolescents aged ± 18 years) were selected in each grade
among the schools that agreed to participate in the study. All adolescents from selected classes were
invited to participate on a voluntary basis. In French-speaking schools, classes were randomly selected.
In Dutch-speaking schools, distributions of gender, grade, and form of education from the previous
survey were used as temporary proxies to select classes.

In 2014, 781 schools in the French-speaking schools and 208 schools in the Dutch-speaking schools
were invited to participate. Among these schools, 168 in the French- and 98 in the Dutch-speaking
areas actually participated, corresponding, respectively, to a participation rate of 21.5% and 47.1%.

In total, 23,552 questionnaires were collected (Figure 1). Since, in Dutch-speaking schools,
adolescents aged 20 or over were not questioned, only adolescents 10 to 19 years old were included
in the joint database (n = 23,031). The basis sample included all participants who responded to
all covariates and to the food consumption variable that was most frequently filled in, i.e., fruits.
Thus, the maximum number of adolescents included in the analyses was 19,172 (Figure 1). For food
consumption other than fruits, the sample size was slightly lower.

2.2. Measures

Food Frequency Questionnaire. Food data were collected using a validated short food frequency
questionnaire (FFQ) [24,25] that included a total of 22 food groups (17 in the Dutch part, 18 in the
French part, including 13 in common). Seven answer categories were proposed: “more than once a
day”; “once a day”; “5–6 days a week”; “2–4 days a week”; “once a week”; “less than once a week”;
and “never”.

Migration status. Adolescents born abroad and whose parents were not both born in Belgium
were considered “1st-generation immigrants”. Adolescents born in Belgium and who had at least one
parent born abroad were considered “2nd-generation immigrants”. Adolescents whose parents were
born in Belgium were considered to be “natives”.

Geographical area of origin. Based on countries of origin of adolescents for 1st-generation
immigrants and of parents for 2nd-generation immigrants, five categories were defined for
complementary analyses: (1) Europe; (2) America; (3) Asia; (4) Middle East and North Africa;
(5) Sub-Saharan Africa. For 2nd-generation immigrants, in the particular case where the parents
were from two different geographical areas, the category was randomly chosen between the mother’s
and the father’s area of origin.

Family affluence. The family affluence scale (FAS) is composed of six items and has been validated
in Europe [26]. The FAS score ranged from 0 to 13 and was divided into three categories after ridit
analysis transformation—“low”, “medium”, and “high”—corresponding, in the national sample, to the
20% of adolescents with the lowest FAS scores, the 60% of adolescents with the intermediate score, and
the 20% of adolescents with the highest FAS scores, respectively.
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Parental working status. Based on parental employment and reason for parental unemployment,
four categories were defined: (1) Adolescents with both parents working; (2) adolescents with parent(s)
not working (those with a parent not working and without a second parent were placed in this category
(n = 365)); (3) adolescents with one working parent and the other at home (housewife/husband,
pre-retired, disabled or student); (4) adolescents with one working parent and the other “absent” from
home (seeking a job, or adolescent not living with the second parent).

In addition, gender, age, family structure, siblings, and school region were taken into account in
the analyses.
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2.3. Statistical Analyses

2.3.1. Reprocessing Data

For all food items, categorization was defined so as to correspond as closely as possible to Belgian
nutritional policies [27] but was also determined by the original answer modalities. Food consumption
was first divided into three categories: A category corresponding as closely as possible to the Belgian
nutritional policies, a category further removed from Belgian nutritional policies, and an intermediate
category. If the intermediate category did not provide additional information, categorization was
reduced to two categories. Frequency of fruit and vegetable consumption was classified into three
categories: “>once a day”, “5–7 days a week” (low frequency), and “<5 days a week” (very low
frequency). Frequency of fish consumption was classified into: “�two days a week” and “<two days
a week” (low frequency). Milk (whole and semi-skimmed/skimmed), cheese, and other dairy
product frequencies were transformed into consumption per month of 30 days and added up to
obtain frequency of dairy consumption; this was then divided into total consumption of 31 days or
more, which corresponded to consumption “>once a day”, or else to consumption “once a day”
(low frequency). Consumption of chips and fries and SSB was similarly processed. Frequency of
chips and fries consumption was classified into: “<once a day”, strictly corresponding to consumption
under 25 days, and “�once a day” (high frequency). Frequency of SSB consumption was classified
into: “once a week”, corresponding to total consumption under 5 days, “2–6 days a week” (high
frequency) and “�once a day” (very high frequency), corresponding to a total of 25 days or more.

2.3.2. Modeling

Due to a significant effect modification of migration status on several covariates for each food
group analyzed, analyses were stratified by migration status. Since individuals were nested within
schools, multilevel models were used. In each model for each food group, the school effect was
controlled and estimated. The “null” model referred to the estimation of the school effect. Associations
between covariates and a given food consumption were then evaluated by univariate regression,
corresponding to “model 1”. Multilevel binary logistic regression was performed for food groups
with consumption frequencies in two categories (odds ratio (OR) and 95% CI); multilevel multinomial
logistic regression was used for food groups with consumption frequencies falling into three categories
(relative risk ratio (RRR) and 95%CI). The reference category was assumed to be the most favorable
category in terms of health. All covariates with a p value < 0.20 were included in the initial multivariable
regression model. Manual backward stepwise selection was used to determine the final model:
It consisted of iteratively removing the predictor with the highest p value, and higher than 0.05.
Following removal, confounding was evaluated with a tolerance threshold for variation of OR and
RRR set at 10%. If variation was greater than 10%, the variable was then retained in the model.
In order to facilitate comparisons between migration strata, a predictor significantly associated with
food consumption in a given migration status group was retained for all other migration status
groups. The results of the regressions are graphically presented and available as supplementary tables
(Supplementary Tables S1–S6).

In order to estimate the role of the immigrants’ geographical area of origin on socioeconomic and
sociodemographic disparities, the same modeling was carried out only in immigrant adolescents and
adjusted for the geographical area of origin.

Colinearity and fitting of models were verified. Statistical significance of tests was set at 0.05.
All analyses were performed using Stata/IC 14® (StataCorp, College Station, TX, USA).

3. Results

The sample of 19,172 school participants included 69.6% natives, 22.0% 2nd-generation immigrants,
and 8.4% 1st-generation immigrants. In univariate analyses, differences in sociodemographic and
socioeconomic characteristics were observed according to migration status (Table 1).
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Table 1. Sociodemographic and socioeconomic characteristics of the sample overall and by migration
status—HBSC, Belgium, 2014.

Variables
Sample Natives 2nd-Generation

Immigrants
1st-Generation
Immigrants

p value
(n = 19,172)

%
(n = 13,353)

%
(n = 4214)

%
(n = 1605)

%

Gender <0.001 †

Boys 50.6 51.5 47.5 51.7
Girls 49.4 48.5 52.5 48.3
Age <0.001 ¥

10–12 years 28.8 29.6 28.7 22.5
13–16 years 50.2 49.9 50.6 51.4
17–19 years 21.0 20.5 20.7 26.1

Family structure a <0.001
Two parents 66.4 66.1 67.9 65.0

Blended family 14.1 15.8 9.9 12.0
Single-parent family 19.5 18.1 22.2 23.0

Family Affluence Scale a <0.001
High 19.4 20.6 17.0 16.4

Medium 63.7 66.1 59.8 53.6
Low 16.9 13.3 23.2 30.0

Parental working status a <0.001
Both parents working 68.4 76.1 51.9 47.0

One working, the other at home 17.4 13.4 27.8 23.7
One working, the other not at home 8.1 7.2 8.5 14.0

None working 6.1 3.3 11.8 15.3
Siblings <0.001 †

Single child 9.3 9.8 7.5 10.5
Siblings 90.7 90.2 92.5 89.5

School Region <0.001
Brussels-Capital 11.4 3.4 29.2 31.7

Wallonia 46.6 48.7 43.0 38.2
Flanders 42.0 47.9 27.8 30.1

Geographical area of origin <0.001 *
Europe 43.7 59.8

America 3.0 6.7
Asia 7.3 7.7

Middle East and South Africa 36.0 13.1
Sub-Saharan Africa 10.0 12.7

a For details, see Methods section, † Nonsignificant difference between natives and 1st-generation immigrants,
¥ Nonsignificant difference between natives and 2nd-generation immigrants, * Comparison between 1st- and
2nd-generation immigrants.

Irrespective of migration status, one adolescent out of five ate fruits (17.2%) or vegetables (18.8%)
>once a day and fish �two days a week (20.2%) (data not tabulated). Eight pupils out of ten (79.6%) ate
dairy products >once a day. Nearly half of the adolescents (43.7%) drank SSB �once a day; fewer than
one-eighth (12.2%) ate chips and fries �once a day (data not tabulated).

Immigrants significantly more often ate fruits (>once a day and 5–7 days a week), vegetables
(>once a day) and fish (�two days a week) than did natives (Figure 2). In addition, immigrants
significantly more often consumed SSB (�once a day), and chips and fries (�once a day) than natives.
Moreover, the proportion of 2nd-generation immigrants having low or very low intake of vegetables,
fish, chips and fries was significantly at an intermediate level, i.e., higher (or lower) than that of natives,
and lower (or higher) than that of 1st-generation immigrants. However, a significant difference in dairy
product consumption was observed only between 2nd-generation immigrants and natives (Figure 2).

In immigrants only, and compared with immigrants from a European country, statistically
significant differences in food consumption frequencies were found in those from the Middle East and
North Africa areas, and from sub-Saharan Africa, for vegetable, fish, dairy, chips and fries, and SSB
(Supplementary Table S7). Immigrants from America also slightly differed regarding SSB and chips
and fries consumption, and those from Asia for chips and fries consumption. Overall, estimates of
the SES characteristics were not modified by the addition of origins in the modeling except only for
siblings in 1st-generation immigrants for chips and fries consumption (data not shown).
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3.1. Fruit Consumption (Reference Category: >Once a Day)

In all migration strata, the likelihood of very low fruit consumption frequency (<5 days a week)
significantly decreased with the FAS (except in 1st-generation immigrants: NS for medium FAS vs.
high FAS) (Figure 3). In addition, natives having a medium FAS were more likely to eat fruits 5–7 days
a week (low frequency) than those with a high FAS. Native adolescents in blended families were
more likely to declare very low or low fruit consumption compared to adolescents with two parents;
native adolescents in single-parent families also had greater odds of very low frequency. There was no
significant association with parental working status. In all migration strata, adolescents in Flanders
were significantly more likely to declare low or very low fruit consumption than adolescents in
Brussels-Capital (Figure 3).

Moreover, age was significantly associated with fruit consumption frequency in all migration
strata (Figure 3). This was also the case for gender in natives and 2nd-generation immigrants, whereas
the existence of siblings was associated with fruit consumption frequency only in natives. The school
effect upon the very low fruit consumption of all migration groups was significant, as was its effect
upon the low frequency found in natives (Figure 3).

3.2. Vegetable Consumption (Reference Category: >Once a Day)

In natives and 1st-generation immigrants only, the odds of very low vegetable consumption
frequency (<5 days a week) decreased with FAS (Figure 4). The same applied to low frequency
(5–7 days a week) in natives. In 2nd-generation immigrants, adolescents having a medium FAS were
more likely to declare very low or low vegetable consumption than those with a high FAS; in addition,
adolescents having a low FAS were more likely to eat vegetables <5 days a week.

Compared with adolescents with two parents, native adolescents from a single-parent family
were at greater odds of consuming vegetables <5 days a week (Figure 4). Native adolescents with
two working parents were more likely to declare a low frequency than adolescents with one parent
who worked and the other who stayed at home. Moreover, 2nd-generation immigrants with both
working parents were less likely to declare a very low frequency. Compared with adolescents in
Brussels-Capital, adolescents in Flanders were more likely to eat vegetables 5–7 days a week in all
migration strata; in addition, immigrants in Flanders were more likely to declare a very low frequency,
whereas 2nd-generation immigrants in Wallonia were less likely to do so (Figure 4).

Gender was significantly associated with vegetable consumption frequency in all migration strata.
This was also the case for age in natives and 2nd-generation immigrants, while the existence of siblings
was associated only in natives. The school effect was significant only in natives (Figure 4).

3.3. Fish Consumption (Reference Category: �Two Days a Week)

In natives and 2nd-generation immigrants, the likelihood of eating fish at low frequency
(<two days a week) decreased with FAS. Moreover, low fish consumption was more frequent in
adolescents from blended families than in those having two parents (Figure 5). Compared with
adolescents with one working parent and the other who stayed at home, 2nd-generation immigrants
with no working parents were less likely to eat fish at low frequency. In 1st-generation immigrants,
adolescents whose parents both worked were more likely to declare low fish-eating frequency. For
all migration strata, compared with Brussels-Capital, adolescents in Flanders and Wallonia were
significantly more likely to declare low frequency (Figure 5).

In addition, gender was significantly associated with fish consumption frequency in
natives and 2nd-generation immigrants. The school effect was significant in natives and
2nd-generation immigrants.
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3.4. Dairy Product Consumption (Reference Category: >Once a Day)

For all migration situations, neither FAS nor family structure nor parental working status was
significantly associated with dairy consumption (Figure 6). Compared with Brussels-Capital, natives
and 2nd-generation immigrants in Flanders were at significantly lower odds of consuming dairy foods
once a day (Figure 6).

In addition, dairy consumption frequency was significantly associated with gender in all migration
strata and with age in natives and 2nd-generation immigrants, whereas the presence of siblings was
significant only in natives. The school effect was significant in all migration strata (Figure 6).

3.5. Chips and Fries Consumption (Reference Category: <Once a Day)

Compared with those having a high FAS, natives with a low FAS were significantly more likely
to declare frequent eating of chips and fries (�once a day) (Figure 7). High frequency was also more
likely in natives from blended or single-parent families than in those with two parents. Compared
with adolescents having one working parent and the other who stayed at home, adolescents with two
working parents were less likely to consume chips and fries �once a day whatever their migration
status. In natives and 2nd-generation immigrants with no working parents, high frequency was
more likely. In Flanders, compared to Brussels-Capital, adolescents among all migration groups were
significantly less likely to declare high consumption of chips and fries; in Wallonia, this was also the
case for 2nd- and 1st-generation immigrants (Figure 7).

In addition, frequent eating of chips and fries was significantly associated with gender in all
migration strata, and with age in natives and 2nd-generation immigrants. Sibling presence was
significantly associated only in 1st-generation immigrants. The school effect was significant in all
migration strata (Figure 7).

3.6. Sugar-Sweetened Beverages (Reference Category: Once a Week)

In natives and 2nd-generation immigrants, the odds of declaring very high SSB consumption
(�once a day) decreased with FAS (Figure 8). For all migration strata, adolescents from blended
families were significantly more likely to declare very high frequency. In addition, natives from
blended families were more likely to consume SSB at high frequency (2–6 days a week). In natives
and 2nd-generation immigrants, very high SSB frequency was more often seen in adolescents from
single-parent families (vs. two-parent families) and in adolescents with nonworking parents (vs. one
working parent and the other at home) and was less likely in adolescents with both parents working.
In 2nd-generation immigrants only, very high SSB frequency was also less likely in adolescents with
one parent working and the other absent from the home. In Flanders, compared with Brussels-Capital,
natives and 2nd-generation immigrants were more likely to consume SSB 2–6 days a week.

In addition, “gender and age” was significantly associated with SSB frequency in all migration
strata, whereas “siblings” was significant only in natives. The school effect was significant only in
natives (Figure 8).



Nutrients 2019, 11, 812 13 of 22
Nutrients 2019, 11, x FOR PEER REVIEW  14 of 23 

 
Figure 6. Multiple multilevel logistic regression* for dairy product consumption (reference category: 
>once a day) stratified by migration status—HBSC, Belgium, 2014 (n = 18,541). * OR < 1: More 
favorable for health; OR > 1: Less favorable for health. 

Figure 6. Multiple multilevel logistic regression* for dairy product consumption (reference category:
>once a day) stratified by migration status—HBSC, Belgium, 2014 (n = 18,541). * OR < 1: More favorable
for health; OR > 1: Less favorable for health.



Nutrients 2019, 11, 812 14 of 22
Nutrients 2019, 11, x FOR PEER REVIEW  15 of 23 

 

Figure 7. Multiple multilevel logistic regression* for chips and fries consumption (reference category: 
<once a day) stratified by migration status—HBSC, Belgium, 2014 (n = 18,853). * OR < 1: More 
favorable for health; OR > 1: Less favorable for health. 

Figure 7. Multiple multilevel logistic regression* for chips and fries consumption (reference category:
<once a day) stratified by migration status—HBSC, Belgium, 2014 (n = 18,853). * OR < 1: More favorable
for health; OR > 1: Less favorable for health.



Nutrients 2019, 11, 812 15 of 22
Nutrients 2018, 10, x FOR PEER REVIEW  16 of 23 

 

 
Figure 8. Multiple multilevel multinomial regression* for sugar-sweetened beverages consumption (reference category: ǂonce a week) stratified by migration status—
HBSC, Belgium, 2014 (n = 18,642). * RRR < 1: More favorable for health; RRR > 1: Less favorable for health. 

Figure 8. Multiple multilevel multinomial regression* for sugar-sweetened beverages consumption (reference category: once a week) stratified by migration
status—HBSC, Belgium, 2014 (n = 18,642). * RRR < 1: More favorable for health; RRR > 1: Less favorable for health.



Nutrients 2019, 11, 812 16 of 22

4. Discussion

The aim of the present study was to estimate socioeconomic disparities in dietary habits of
school adolescents in Belgium from different migration backgrounds. Our results emphasize that
the migration component that was rarely considered in previous studies is fundamental regarding
dietary behavior at these ages. Indeed, dietary habits differed according to migration strata.
Furthermore, socioeconomic disparities varied amongst the migration groups: For all food groups,
disparities were particularly wide in natives and more limited in 1st-generation immigrants. Overall,
the sociodemographic and socioeconomic disparities observed in immigrants did not change after
adjusting for their geographical area of origin. By food group, the widest socioeconomic and cultural
disparities were observed for SSB and vegetables, and the least for dairy foods. Such findings provide
interesting and original hypotheses that could further support the development of health promotion
interventions in the future.

4.1. Dietary Acculturation

In descriptive analyses, immigrant adolescents, whether of the 1st or 2nd generation, were more
likely to frequently consume both healthy (fruits, vegetables, and fish, but not dairy products) and
unhealthy foods (chips and fries, SSB). In addition, a migration gradient in food frequencies was
underlined for vegetables, fish, and chips and fries: Consumption gradually increased (for healthy food)
or decreased (for unhealthy food) from natives to 2nd-generation immigrants, and from 2nd-generation
immigrants to 1st-generation immigrants. However, no significant differences were found between
1st- and 2nd-generation immigrants regarding consumption of fruits, dairy products, and SSB.

The situation of 2nd-generation immigrants in terms of food consumption, intermediate between
natives and 1st-generation immigrants, suggests ongoing acculturation. The interplay of host behavior
and culture with that of immigrants may lead to a mixture of healthy and unhealthy dietary habits.
Indeed, at a given age, 2nd-generation immigrants have probably been in Belgium much longer
than 1st-generation immigrants and are therefore more likely to be further engaged in the process of
integration of culinary habits of the host country and partial substitution of family roots, as reported
for adults in different countries [18]. In addition to the migration generation, the region of origin may
play differently in the acquisition of European dietary habits for immigrants. Indeed, differences in
dietary habits were of lower size between European, American, and Asian, than between European
and African and Middle-East immigrants. Nevertheless, the results could not be precisely interpreted
due to the cultural heterogeneity remaining in this categorization by the geographical area of origin.

The acculturation process may depend on factors such as accessibility and affordability, acting as
an “external push”, and on individual factors such as curiosity, acting as an “internal pull” [28],
which might encourage the adding of novel foods to the traditional diet, thus offering wider diversity.
Such diversity could result in greater intake via gradual adaptation to new food products [29]. This may
also explain why immigrants more frequently ate almost each food group studied. Maintaining
traditional food habits implies the availability and accessibility of such food; when this is not the case,
then people of foreign culture might progressively abandon their diet in favor of the host diet [30].
The acculturation process should also be further studied by considering the age of arrival in Belgium
of the 1st-generation immigrants, unavailable in this survey.

4.2. Socioeconomic Disparities in Dietary Habits

Our results emphasize several socioeconomic disparities in dietary habits in adolescents, mainly
in natives and 2nd-generation immigrants. Indeed, adolescents with lower FAS less frequently ate
healthy foods like fruits and more frequently consumed unhealthy foods like SSB, consistent with
previous studies [10,11]. These disparities may be explained by a lower level of familiarity or adoption
of dietary recommendations by parents [31], and by the affordability of healthy foods [32].
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Some disparities related to family structure were also revealed, mainly in natives and
2nd-generation immigrants. In line with previous studies [33,34], adolescents from blended or
single-parent families more frequently ate chips and fries and SSB and less frequently ate fruits,
vegetables and fish. Single-parent families often have fewer financial resources, thereby impairing their
access to healthy foods [32]. Indeed, in our sample, 30.8% of adolescents belonging to a single-parent
family were in a low FAS compared to 14.0% of adolescents from two-parent families and 15.7% of
adolescents from blended families (data not shown). In addition, single parents may also have less time
for monitoring meals compared to dual-parent families [33,35]. Adolescents from blended families also
tended to have less healthy food habits than adolescents from two-parent families. Indeed, stepparents
may have fewer opportunities for active involvement in their stepchildren’s education and health [33].

Moreover, parental work status disparities were observed, mainly in natives and 2nd-generation
immigrants. In our study, parental working status was mainly related to the socioeconomic condition:
10.2% of adolescents with both parents working had a low FAS, while 51.8% of adolescents with no
parents working fell into this category (p < 0.001; 24.1% in those with one parent working and one at
home, 31.5% for one parent working and the other “absent” from home). After adjustment for FAS
and other covariates, our results related to parental working status were mixed. Indeed, compared to
adolescents with both parents working, those with no working parents were more likely to frequently
eat vegetables and fish, but they also more frequently ate chips and fries and SSB (data not shown).
These results might appear surprising if we assume that parental working status is related only to
socioeconomic conditions. However, they suggest an interplay between free time and work. Indeed,
parental working status might also indicate that fully employed parents have less time to cook [36].

For all migration strata, eating habits varied according to the school region. Numerous differences
were found in consumption frequencies between adolescents attending schools in Flanders, mainly
Dutch-speaking, and those in Brussels and Wallonia, both primarily French-speaking. Another
study indicating similar regional linguistic specificities in consumption of vegetables, dairy products,
fish, and SSB in Switzerland hypothesized a possible influence of culture and eating habits of
neighboring countries [37], which might also apply to Belgium: Culinary customs in Flanders may
be strongly influenced by the Netherlands, while those in Brussels, although they do not border,
and in Wallonia, may be influenced by France, which shares the same language, i.e., French. Further,
several differences were pointed out between Brussels and Wallonia, mainly concerning 1st- and
2nd-generation immigrants. In 2011, nearly half of the inhabitants of the Brussels-Capital Region
(42.4%) were born outside of Belgium, compared to 10.2% in Flanders and 14.1% in Wallonia [38].
Since the Brussels-Capital region is multicultural, this vast proportion of immigrants might contribute
to slowing down the acculturation process; indeed, immigrants are usually surrounded by other
immigrants [17]. By contrast, in Wallonia, such a process may have been accelerated, meaning that
food habits in immigrants would differ from those of immigrants in Brussels.

Socioeconomic disparities were measurable in all food groups, except for dairy products, for which
disparities were statistically significant only for the school region. The absence of socioeconomic
disparities in consumption of dairy foods (milk, cheese, and other) could be explained by the diversity
of these products and their overall affordability.

4.3. Sociodemographic Disparities in Dietary Habits

Our results underlined gender disparities in food consumption in almost all migration strata.
Compared to boys, girls were more likely to more frequently eat fruits and vegetables, which could be
explained by taste preferences [39,40], health beliefs, and greater concern about weight [41].

After adjustment for other covariates, sibling disparities continued to be unfavorable to the single
child (except for chips and fries in 1st-generation immigrants). The sibling role in food consumption
might be explained by two opposite phenomena: “Modeling” leads to imitation of the model (i.e., of the
sibling), whereas “de-identification” leads to differentiation from the sibling [42]. The absence of
sibling disparities in immigrants could be explained by the manner in which society views sibling
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relationships and their respective roles [43]. Thus, immigrants in our study might come from countries
that do not promote sibling relationships. However, the sibling role has rarely been examined in dietary
studies irrespective of migration status [44], thus preventing interpretation. Certain psychologists
have suggested that older siblings may influence health behavior [45]; thus, birth order should be
considered when evaluating the association between diet and siblings.

4.4. Strengths and Limitations

Due to the cross-sectional design of the HBSC survey and use of self-administrated questionnaires,
a substantial sample size was obtained in each region of Belgium, along with a wide range of topics
addressed. Although both Dutch- and French-speaking surveys were conducted separately and
in different languages, standardization of the questionnaires according to the international HBSC
protocol made it possible to combine data sets [23]. However, the two surveys were not identical.
For instance, they were differently stratified in order to reach the representativeness of the linguistic
regions. Therefore, the generalization of the results to the school population in Belgium should be
interpreted cautiously. A second point related to the independence of studies is the use of reverse order
categorization for food frequencies (“never” to “>once a day” for the Dutch-speaking survey versus
“>once a day” to “never” for the French-speaking survey) may have contributed to lower frequencies
of fruit and vegetable consumption in Flanders compared to Wallonia, since initial responses may
have been chosen more frequently. This discrepancy could explain why we obtained results differing
from the final national food consumption survey (based on 24-h recall) [46]. The short HBSC FFQ
might also lead to inaccuracies due to use of large food group names rather than exact food names,
and to the overestimation of consumption frequencies [25]. However, it has been validated in Belgium
through a comparison with a seven-day record [24,25]. The conclusion was that it can be considered
reliable for “ranking subjects according to consumption of the individual food items” [25]. In addition,
we can only conclude about frequencies and the results must be interpreted as such given that a more
frequent consumption does not necessarily imply—nor rules out—a higher food amount or a higher
energy intake.

A significant strength of the current study was the use of multilevel analyses controlling for the
school effect and, therefore, cluster bias. Nevertheless, further interpreting the school effect is difficult
given that food-related school characteristics were unavailable in this study. To better understand such
effects, further studies should simultaneously consider contextual characteristics of the schools, such as
implementation of nutritional actions and canteen use. For some food groups (fruits, vegetables,
and SSB), categorization was in three instead of two, as is the case in numerous studies using
categorization and FFQ. Although disparities were narrower for the intermediate category and,
therefore, little difference from the reference category was observed, intermediate categories provided
new information in certain cases. Indeed, in natives and 2nd-generation immigrants, age-related
disparities existed for vegetables 5–7 days a week but not for vegetables <5 days a week; in addition,
school-region-related disparities existed for SSB consumption 2–6 days a week but not for SSB �once
a day. Although difficult to interpret, the school effect for natives might be a protective factor for fruits
5–7 days a week and a risk factor for fruits <5 days a week.

Another limitation was the rather small sample size of 1st-generation immigrants (nmax = 1605),
leading to fewer participants in some categories (nmin = 159) and resulting in loss of statistical power.
However, confidence intervals of OR and RRR (Figures 3–8) suggested that nonsignificant results
in 1st-generation immigrants were mainly due to fewer disparities rather than a lack of precision.
This rather small sample size was also restrictive for in-depth analysis stratified by countries or
continental regions of origin. To get around the small sample, results were subsequently adjusted for
geographical areas of origin. Nevertheless, some cultural heterogeneity remained in this categorization
and did not help to precisely interpret the findings.
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Several biases could also be highlighted. First, adolescents may have overreported consumption
of healthy foods and underreported consumption of unhealthy products due to social pressure [47].
Second, we observed differential distribution of fish and SSB consumption and of several covariates
(migration status, gender, family structure, FAS, parental working status, and school region)
between included participants and eligible participants not included in analyses due to missing data
(Supplementary Table S8), leading to selection bias. Interpretation of results should thus be approached
with caution, although some differences in percentages were slight, and statistical significance was
mainly due to the large sample size. The generalization of the results is limited to the school adolescents,
especially for the eldest beyond the legal school age (18 years of age in Belgium). It should also be
interpreted cautiously due to the relatively low participation rate of schools.

5. Conclusions

Overall, rather poor adolescent dietary habits indicate that efforts should be made to improve
knowledge and further prevent NCD in adulthood. The process of acculturation of dietary habits
pointed out here warrants confirmation, taking into consideration the number of years in the host
country and the age of arrival in that country. Narrower socioeconomic disparities in dietary habits
among 2nd- and 1st-generation immigrants compared to natives suggest the prevailing role of culture
in immigrant dietary habits with respect to socioeconomic conditions. Finally, our study reveals that
interventions aimed at improving dietary habits in adolescents must take into account the cultural
component of dietary habits, especially in immigrant adolescents. However, further research is
needed to better understand the role of culture and its interaction with socioeconomic components in
dietary habits.
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3. Additional analyses 

3.1. Socioeconomic characteristics of adolescents of different migration status 

To help interpret the main findings of this chapter, the socioeconomic characteristics of 

adolescents were described according to their migration status for the French- and Dutch-

speaking HBSC surveys of 2014 (Table 9). In addition, the description has been made through 

the years with the surveys of 1986 and from 2010 onwards (Table 9). The surveys from 1988 

to 2006 were not described since adolescents were asked about nationality and not country of 

birth. In view of the large sample sizes, changes in characteristics have been commented on 

the basis of difference magnitude (³effecW´) and not of a statistical test. Finally, for a consistent 

comparison between surveys and since the Dutch-speaking 2014 survey did not include 

adolescents attending a Brussels school, the regional distribution only covers French-speaking 

data (Brussels-Capital and Wallonia). 

In 2014, almost half of immigrants attended a school in Brussels-Capital region compared to 

less than a tenth of the natives. Regarding the family structure, immigrants were proportionally 

more likely than natives to live in a single-parent family, but less likely to live in a blended-

family. Overall, for all other socioeconomic indicators, a migration gradient was observed. 

Indeed, the proportion of adolescents with a high or medium FAS decreased from natives to 

2nd-generation immigrants and from 2nd-generation immigrants to 1st-generation immigrants. 

The proportion of adolescents with a low FAS increased from natives to 1st-generation 

immigrants, 2nd-generation immigrants also being in an intermediate position. Furthermore, 

one or no working parent families were more frequent in immigrants. However, a higher 

proportion of immigrants than that of natives reported for perceived family wealth to be well 

off or in the average. Finally, the parental education level was not available for this survey, but 

the results of the 2018 survey also highlighted a gradient, with a higher level in native 

adolescents. 

Socioeconomic characteristics of adolescents with different migration status are relatively 

stable over the surveys. However, family structure has changed a lot, including a drastic 

decrease in two-parent families between 1986 and 2010, and a plateau afterwards. 

Nevertheless, these changes are of the same magnitude between the different categories of 

migration status. Moreover, among natives, the proportion attending schools in Brussels-

Capital was stable between 1986 and 2018 surveys. However, among immigrants, the share 

enrolled in Brussels-Capital schools increased over the years. 
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In summary, even if the countries of origin of immigrants and the reasons why they emigrated 

may have changed,75 the socioeconomic profile of adolescent immigrants remained similar 

over the years. The absence of major changes indicates that the 2014 survey did not stand out 

from the others. Furthermore, the analysis of the characteristics revealed a diversity of 

socioeconomic status among both natives and immigrants. Although immigrants have a 

generally lower socioeconomic status, differences in socioeconomic indicators between them 

and natives were of limited magnitude, with the exception of parental education and working 

status. Moreover, the hierarchical distribution of the different indicators was similar across the 

migration status groups. 

These results complement the main findings on dietary disparities highlighted in the paper. As 

a reminder, narrower socioeconomic disparities were observed among immigrants compared 

to natives. These differences in disparities cannot therefore be explained only by 

socioeconomic differences between immigrants and natives, as even if their socioeconomic 

status differed, it was not to a great extent. On the contrary, dietary habits appears to not be 

driven by the same factors. Among natives, socioeconomic conditions appear to be a 

determining factor. In contrast, we assume that culture prevails over socioeconomic conditions 

in dietary habits of immigrants, especially those of the 1st-generation. 
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Table 9. Characteristics of adolescents (%) according to their migration status in the French-speaking 1986, 2010, 2014, 2018 and Dutch-speaking 2014 surveys. 

 Natives Second-generation immigrants First-generation immigrants 
 1986 2010 2014 2018 1986 2010 2014 2018 1986 2010 2014 2018 
   Dutch French    Dutch French    Dutch French  

Family structure                
        Two-parent family 86.9 64.4 67.2 64.3 61.1 86.1 64.4 69.5 65.9 65.1 88.0 58.2 66.9 62.5 62.6 
        Blended family 4.2 17.0 14.8 16.8 17.3 3.3 14.3 9.5 10.1 10.0 3.7 16.9 13.6 11.3 12.6 
        Single-parent family 8.9 18.6 18.0 18.9 21.6 10.6 21.3 21.0 24.0 24.9 8.3 24.9 19.5 26.2 24.8 
Family Affluence Scale                
        High N/A 23.9 21.2 19.8 22.7 N/A 20.2 18.6 16.0 17.5 N/A 20.7 18.5 14.8 16.0 
        Medium N/A 57.5 66.8 64.5 64.9 N/A 53.5 60.8 58.9 60.3 N/A 47.3 58.3 50.4 54.9 
        Low N/A 18.5 12.0 15.8 15.4 N/A 26.3 20.6 25.1 22.2 N/A 32.0 23.2 34.8 29.1 
Perceived family wealth                
        Well off N/A 9.3 2.5 7.5 13.8 N/A 10.4 3.2 8.4 15.8 N/A 11.2 6.1 8.2 16.2 
        Quite well off N/A 43.3 20.5 43.9 52.1 N/A 40.6 15.9 41.0 47.9 N/A 35.1 12.0 35.7 45.0 
        Average N/A 35.2 65.7 35.2 25.8 N/A 35.6 65.0 37.2 27.2 N/A 37.6 62.0 40.9 30.3 
        Not so/at all well off N/A 12.2 11.3 13.4 8.3 N/A 13.4 15.9 13.4 9.1 N/A 16.1 19.9 15.2 8.5 
Parental working status                
        Both parents working N/A 70.9 79.4 70.8 72.2 N/A 54.7 55.3 48.2 53.4 N/A 49.5 52.2 41.1 51.7 
        One working parent N/A 24.6 17.9 23.5 22.6 N/A 34.9 33.8 37.3 36.5 N/A 35.9 30.7 35.9 36.4 
        No working parent N/A 4.5 2.7 5.7 5.2 N/A 10.4 10.9 14.5 10.1 N/A 14.6 17.0 20.0 11.9 
Parental level of education                
        Post-secondary  N/A N/A N/A N/A 43.0 N/A N/A N/A N/A 35.1 N/A N/A N/A N/A 32.2 
        Secondary or lower  N/A N/A N/A N/A 22.0 N/A N/A N/A N/A 26.2 N/A N/A N/A N/A 24.3 
        Undetermined N/A N/A N/A N/A 35.0 N/A N/A N/A N/A 38.7 N/A N/A N/A N/A 43.5 
School Region                
        Brussels-Capital 8.9 7.5 - 6.5 10.9 20.5 30.6 - 41.2 40.4 29.2 30.7 - 45.4 46.9 
        Wallonia 91.1 92.5 - 93.5 89.1 79.5 69.4 - 58.8 59.6 70.8 69.3 - 54.6 53.1 
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3.2. Dietary habits and proportion of time spent in Belgium 

The proportion of time spent in the host country is an indicator of food acculturation, which 

may reflect, among other influences, exposure to the host culture.85 Therefore, the analyses of 

this section further explored the issue of acculturation highlighted by the migration gradient. 

The aim was to estimate the association between daily food consumption (fruit, SSB) and 

proportion of time spent in Belgium among adolescents attending French-speaking schools, 

while taking into account a set of socioeconomic indicators. Data came from the 2018 French-

speaking HBSC survey, the age at arrival in Belgium being available since that survey only. 

The proportion of time immigrant adolescents had spent in Belgium was calculated by taking 

their age and age at arrival of 1st-generation immigrants and was categorised based on terciles: 

<46%, 46-81%, >81%. A proportion of 100% was attributed by default to 2nd-generation 

immigrants and natives. 

No gradient in the proportion of time spent in Belgium was observed in the non-daily fruit 

consumption. Nevertheless, adolescents who had not spent their whole life in Belgium were 

less likely to consume fruit on a non-daily basis than those who had spent all their life in 

Belgium (percentage of life spent in Belgium <41%: OR= 0.76 (95%CI: 0.61-0.96); 46-81%: 

OR= 0.65 (0.51-0.81); >81%: OR= 0.66 (0.54-0.82)). 

Similarly, no gradient was observed in the daily consumption of SSB. However, 1st-generation 

immigrants who had spent a small part of their life in Belgium were less likely to report daily 

SSB consumption than adolescents who had spent their whole life in Belgium (OR= 0.73 (0.58-

0.91)). No statistical difference was found with 1st-generation immigrants who had spent a 

larger part of their life in Belgium (46-81%: OR= 0.87 (0.65-1.17); >81%: OR= 1.26 (0.98-

1.63)). 

To sum up, the process of acculturation among 1st-generation immigrants cannot be confirmed 

in both fruit and SSB consumption. Nevertheless, 1st-generation immigrants, regardless of 

their proportion of life spent in Belgium, more frequently consumed healthy food than 2nd-

generation immigrants and natives. Adolescents who had spent a small part of their life in 

Belgium less frequently consumed unhealthy food than those who had spent their whole life in 

Belgium. Particularly in view of our sample size, these results must be confirmed with other 

food groups, especially those for which a clearer migration gradient had previously been 

highlighted, such as vegetables and crisps and fries. 



118 
 

4. Conclusion 

This chapter aimed to assess dietary habits and related-socioeconomic disparities in adolescents 

of different migration status, through sub-objectives helping to fill the literature gap in. First, 

our results highlighted relatively poor dietary habits among adolescents, regardless of their 

migration status, and that are far from the Belgian dietary guidelines. Interestingly, compared 

to adolescents in other HBSC countries, Belgian adolescents are among the best ranked for 

fruit176 and vegetables177 but among the worst ranked for SSB consumption.176 

Furthermore, our findings pointed out mixed dietary behaviours among immigrants living in 

Belgium, which may arise from the interplay of the host country behaviours and culture with 

those of immigrants.178 Immigrants were more likely to consume unhealthy foods, such as 

crisps and fries or SSB, but they were also more likely to consume healthy foods like fruit, 

vegetables or fish. 

A migration gradient was observed, with consumption gradually increasing for both healthy 

and unhealthy foods from natives to 2nd-generation immigrants, and from 2nd-generation 

immigrants to 1st-generation immigrants. This gradient suggested a process of acculturation 

among immigrants. During this process, it appears that immigrants changed their dietary habits 

Wo make Whem boWh moUe and leVV healWh\, in conWUaVW ZiWh Whe ³beVW of boWh ZoUldV´ 

hypothesis.75 However, we could not confirm that the proportion of time spent in the host 

country had a role in this acculturation process, as no gradient was observed among 1st-

generation immigrants. The hypothesis regarding diet acculturation therefore deserves to be 

further investigated by additional analyses on other food groups, such as vegetables, whole 

grains or crisps and fries. Further analyses should also be carried out with other acculturation 

indicators such as acculturation scales or specific food-based assessment,85 as long as they are 

adapted to the adolescent population. 

Our analyses confirmed that migration status does modify the association between 

socioeconomic indicators and adolescents' dietary habits, as suggested by the literature on 

health status.130 The results of the stratified analyses revealed significant differences in 

socioeconomic disparities between adolescents of different migration status. Indeed, compared 

to natives, narrower disparities were observed in 1st-generation immigrants, and to a lesser 

extent in 2nd-generation immigrants. Additional analyses have shown that immigrants and 

natives had equally varied socioeconomic profiles, with a generally lower status among 

immigrants although differences of limited magnitude with the natives were observed. 
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Altogether, these results suggest that the dietary habits of immigrants are more determined by 

the culture than by the socioeconomic conditions. 

Thus, several socioeconomic disparities were underlined in dietary habits of natives, and to a 

lesser extent of 2nd-generation immigrants. In line with previous studies, adolescents with 

lower FAS116,179 and living in single-parent families180 tend to have less healthy dietary habits. 

Parental working status disparities were observed, also mainly among natives and 2nd-

generation immigrants. The results related to this indicator were less consistent, suggesting that 

our four-categories indicator was probably related not only to socioeconomic conditions, but 

also to other concepts, such as meal preparation time. Finally, dietary habits varied according 

to the school region for all adolescents, regardless of their migration status. Regional 

differences in diet have already been highlighted among adults in Switzerland,181 a country 

also characterised by several linguistic regions. 

To conclude, a process of diet acculturation was highlighted in the dietary habits of adolescents. 

ImmigUanWV¶ dietary habits are less subject to socioeconomic disparities than natives, 

suggesting the prevailing role of culture over the socioeconomic conditions among immigrants. 

As an application, interventions aimed at improving dietary habits of adolescents must take 

into account the cultural component of dietary habits. 
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CHAPTER IV. LONG-TERM TRENDS IN DIETARY 

DISPARITIES AMONG ADOLESCENTS 

္ 

1. Introduction 

The results of the 2014 HBSC survey globally highlighted poor dietary habits among 

adolescents, regardless of their migration status and socioeconomic status (Chapter III, 

section 2). Yet a set of actions has been developed in recent decades,26±29,31,32 although not 

specifically targeted at adolescents. These actions have been implemented at local, regional, 

and national levels together, resulting in variable exposures within the population living in 

Belgium. Consequently, their evaluation is complex. One way to address their potential effect 

is to study long-term changes in dietary habits. Therefore, the first objective of this chapter was 

to describe trends in the prevalence of three food groups that have been particularly 

subject to public health actions, i.e. fruit, vegetables and SSB, among adolescents in 

Belgium between 1990 and 2014. 

In addition, oXU pUeYioXV findingV confiUmed WhaW adoleVcenWV¶ dieWaU\ habiWV aUe deWeUmined by 

a set of factors. The public health actions can contribute to these disparities in a positive or 

negative way, in particular when regarding regional disparities. Indeed, the responsibility for 

health promotion has not always been under the authority of the same stakeholders (see 

Chapter I, section 1.2.3.2, footnote d). Health promotion was firstly under the language 

communities, with a Flemish decree in 1991182 and a French decree in 1997.183 With the Sixth 

State Reform for which an agreement was signed in 2011, health promotion has been 

decentralised from these language communities to the Regions.184 As a result, actionV¶ conWenW 

may differ according to the place, leading to regional disparities that may have evolved 

differently over time.  

These interventions may also have various impact on adolescents depending on their social 

position. Indeed, the societal context has changed. In Belgium, a major change in family 

structure has been observed in recent decades, with an increase in single-parent and blended 

families (see definition Chapter II, section 2.2.2 and Table 9). Under these circumstances, we 

assumed that such societal context could have influenced dietary disparities. Therefore, the 

second objective of this chapter was to determine how the dietary disparities related to the 

family structure and to the school region have evolved between 1990 and 2014. 
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These two objectives have been addressed in the published paper presented in section 2. The 

supplemental materials of the paper are presented in appendices I-K of this doctoral thesis: 

(i) inclusion diagram of adolescents (Appendix I); (ii) food consumption and characteristics 

of participants by survey year (Appendix J); (iii) graphic representation of the prevalence of 

food consumption by survey year (Appendix K). Apart from this paper, the PAF was 

determined in order to be related to the RII and the SII (Appendix L). 

In addition to changes in the family structure, the number of immigrants has increased in 

Belgium,185 with varying countries of origin and reasons for migration.75 As before, it is 

assumed that these changes may have an impact on dietary disparities related to the migration 

status. Thus, additional analyses were carried out for the Brussels-Capital Region, which 

comprises a high proportion of immigrants. The aim of these complementary analyses was to 

determine how the dietary disparities related to the migration status have evolved 

between 1986 and 2014 in Brussels-Capital. Results are presented in the text hereafter 

(section 3) and have not been published elsewhere. 

2. Published paper: ³Twenty-Four-Year Trends in Family and Regional 

Disparities in Fruit, Vegetable and Sugar-Sweetened Beverage 

Consumption among Adolescents in Belgium´ 
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Abstract: Dietary habits are influenced by various determinants that may evolve over time. This
study aimed to examine, among adolescents in Belgium, trends in the dietary habits between 1990
and 2014 and to determine changes in family and regional disparities related to diet during this time
period. In the 1990, 2002 and 2014 cross-sectional “Health Behaviour in School-aged Children” (HBSC)
surveys, food consumption was estimated using a short Food Frequency Questionnaire. The Relative
Index of Inequality (RII) enabled quantification of the gradients of inequality related to the family
structure and to the region for non-daily fruit and vegetable and daily sugar-sweetened beverage
(SSB) consumption. Between 1990 and 2014, the prevalence of non-daily fruit consumption increased
from 27.7% to 60.6%, whereas the daily SSB consumption decreased from 58.9% to 34.8%. Over time,
a downward trend in family disparities (p = 0.007) was observed for daily fruit consumption (RII:
1.58 (1.33–1.88) to 1.18 (1.13–1.23)). An upward trend in region-related disparities (p < 0.001) for SSB
was found (RII: 1.15 (1.07–1.23) to 1.37 (1.28–1.47)). The overall trend of increasing disparities when
dietary habits improved and decreasing disparities when dietary habits worsened highlights the
need to implement actions that improve overall dietary habits while ensuring that disparities do
not increase.

Keywords: dietary habits; social disparities; trends; adolescents

1. Introduction
The dietary habits of adolescents may be determined by a set of individual factors [1],

such as the family structure [2], and contextual factors [1], such as the region of a coun-
try [3]. Reducing such disparities may be translated into different policy actions, with the
combination of these leading to more effective strategies [1].

However, family structure-related disparities in adolescents’ dietary habits have
been scarcely documented [4]. Adolescents from single-parent and blended families, i.e.,
composed of a biological/adoptive parent and a non-biological/adoptive parent, are more
likely to have less favorable dietary habits compared to those from two-parent families [2,5].
This may be related to there being fewer financial resources for single parents, reducing
their access to healthy food [6]. In addition, in blended families, step-parents may be less
involved in the health education of their stepchildren [5].
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Moreover, country region-related disparities in dietary habits have been highlighted
in several studies [3,7,8]. For instance, in Switzerland, dietary habits in adults differed
according to the linguistic region. One hypothesis was the cultural influence of the neigh-
boring countries [8]. Similarly, in Belgium, adolescents in Flanders are more likely to have
healthier dietary habits than those of the two other Belgian regions, i.e., Wallonia and
Brussels-Capital [3,7]. Among other determinants, such disparities can be explained by
the influence of the neighboring countries, especially for Flanders and Wallonia, and by
different cultural [9] and economic [10] backgrounds and food supplies.

Furthermore, the societal context has changed and may have impacted the extent of
disparities over time. The few studies on trends in dietary disparities mainly focused on
beverages and ethnicity in the U.S. and highlighted persistent disparities [11,12]. Between
1989–1991 and 2007–2008, the consumption of fruit-based and soft drinks per capita intake
increased along with disparities related to ethnicity among children [11]. However, between
2003–2004 and 2013–2014, ethnic disparities among children and adolescents regarding the
typical intake of fruit drinks declined [12]. This example highlights the need to understand
the evolution of such disparities. Indeed, public health initiatives should not only aim at
improving the diet of the whole population (population-based approach) [13] or of those at
the bottom of a social gradient (targeted approach) [14], but they should also aim to reduce
disparities (proportionate universalism approach) [15].

For example, the changing societal context has resulted in a shift of the household
structure in recent years. A change in marriage and divorce rates has resulted in an increase
in single-parent and blended families [16]. This shift may have been accompanied by
changes in the role of the step-parent in blended family structures. Additionally, the
three administrative Belgian regions, which are federated entities, are Flanders (mainly
Dutch-speaking), Wallonia (mainly French-speaking) and Brussels-Capital (both Dutch-
and French-speaking). In recent years, health promotion has been decentralized under the
responsibility of the regions. This may have resulted in variable exposure to public health
messages regarding diet according to the region.

Under these circumstances, we assume that such societal context changes may have
influenced dietary habits and related disparities. The aims of this study were twofold:
(i) to describe trends in the prevalence of non-daily fruit and vegetable and daily sugar-
sweetened beverage (SSB) consumption among adolescents in Belgium between 1990 and
2014 and (ii) to determine how the dietary disparities related to family structure or to
school region have evolved during this time period.

This research is one of the first to investigate, in adolescents, trends over a long
period of time regarding different social disparities in several food groups with appropriate
methods for analyzing disparities over time. Through our two objectives, our findings
might help identify key areas to improve current public health actions on both overall food
consumption and related disparities.

2. Materials and Methods
2.1. Study

Since 1983–1984, the World Health Organization collaborative cross-national “Health
Behaviour in School-Aged Children” (HBSC) survey has taken place every four years
(in almost 50 countries at present) [17]. The survey aims to produce comprehensive
indicators supporting the implementation of health promotion policies and interventions.
The standardized research protocol has mostly been constant over the years, enabling the
analysis of trends.

In Belgium, which is a regionalized country, the HBSC survey has been conducted
independently in French-speaking schools since 1986 and in Dutch-speaking schools since
1990. Altogether, these surveys cover the three regions, namely Wallonia, Flanders and
Brussels-Capital, with the latter including both French- and Dutch-speaking schools. The
present research was based on the surveys conducted in 1990, 2002 and 2014 in French-
and Dutch-speaking schools of the three regions.
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Following advice from school authorities, no written consent was requested for
French-speaking schools; for the Dutch-speaking schools, an opt-out consent process
was implemented. For each survey, questionnaires were self-administrated in a classroom.
Adolescents were clearly informed on the survey content and on their right to refuse the
completion of the entire questionnaire or specific questions. All procedures used during
data collection enabled confidentiality and anonymity.

2.2. Sampling
The sampling plans, developed in order to achieve representativeness of the estimators

for each linguistic region, were based on a random sample stratified proportionally to the
school networks and included public and private schools. In addition, depending on the
survey, samples were stratified proportionally to the province and/or the type of education
(general, technical, vocational, etc.). For each survey, schools from the mainstream school
system were first randomly selected in each stratum based on an official list of all schools
in Belgium. The sampling was repeated for each survey, regardless of whether or not
some schools had participated in the previous survey(s). Then, one class from the fifth
grade of elementary school (corresponding to adolescents aged ±10 years) to the final
grade of secondary school (corresponding to adolescents aged ±18 years) was randomly
selected in each grade among the schools participating in the study. In Flanders, several
classes may have been selected when different types of education were available in the
school. All adolescents in the selected classes were invited to participate over a period of
approximately two months, regardless of their health status or social characteristics when
they attended one of the participating schools.

In 1990, 2002 and 2014, data from 8866, 32,048 and 23,688 questionnaires were collected,
respectively (Figure S1). Adolescents aged 20 or over (included only in French-speaking
schools) were excluded. Participants with no missing data for all covariates and fruit
consumption (i.e., the most frequently filled-in dietary variable) were included in the
analyses. The rate of missing data ranged from 1.0% to 3.0%. Thus, the maximum number
of adolescents included in the analyses was 8001 in 1990, 29,825 in 2002 and 21,939 in 2014
(Figure S1).

2.3. Measures
The HBSC questionnaire is available in two to three versions adapted to the ado-

lescents’ age. With regard to these analyses, the questions were exactly the same for all
adolescents, regardless of their age.

A validated short Food Frequency Questionnaire (sFFQ) was used [18]—the most
reliable tool that could be used given the conditions of data collection. Adolescents were
asked how often they usually consumed 16 food groups in 1990 and 23 in 2002 and 2014.
Fruits, vegetables (“cooked” and “raw” separately in 1990) and sugar-sweetened beverages
(SSBs) were selected for the analyses. Five-answer categories were proposed in 1990 in the
Dutch-speaking questionnaire—“every day”; “every week”; “every month”; “less than
once a month”; and “never”—and in the French-speaking questionnaire—“more than once
a day”; “once a day”; “at least once a week”; “rarely”; and “never”. In 2002 and 2014,
seven-answer categories were proposed in French- and Dutch-speaking schools: “more
than once a day”; “once a day”; “5–6 days a week”; “2–4 days a week”; “once a week”;
“less than once a week”; and “never”.

The family structure variable was based on the people declared by the adolescents
as living in their main house and, if applicable, in another house. Three categories were
determined: “two-parent family” (adolescents living with both parents in the same house);
“blended family” (those living with one parent and one step-parent); and “single-parent
family” (those living with a single parent). Based on the address of the school, the school
regions were (also referred to as) “Flanders” (Flemish), “Wallonia” (Walloon) and “Brussels-
Capital” (Brussels).
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2.4. Statistical Analyses
2.4.1. Reprocessing Data

All food group answers were categorized as “daily” and “non-daily” consumption in
order to correspond, as closely as possible, to the Belgian nutritional recommendations [19],
while also being determined by the original answer modalities. In all surveys (except for
the 1990 Dutch-speaking assessment), daily consumption corresponded to a consump-
tion of “more than once a day” and “once a day”. In the 1990 Dutch-speaking survey,
daily consumption corresponded to consumption “every day”. All of the other answer
categories corresponded to non-daily consumption. In order to focus on unfavorable
consumption, dietary outcome was “non-daily” consumption of fruit and vegetables and
“daily” consumption of SSB.

Presumed inequalities related to the family structure and to the school region were
ranked based on prior hypotheses about the overall dietary pattern of adolescents [3,7]. It
was found that two-parent families may be considered as more likely to have favorable
dietary habits than single-parent families, with blended families in an intermediate posi-
tion [7]. In fact, single-parent families may have unhealthier dietary habits, partly due to
their limited money and time resources [6] impairing their financial access to healthy food
and limiting their availability for preparing healthy meals. In addition, step-parents may be
less involved in the nutritional education of children in blended families [5]. Accordingly,
the ranking considered here was as follows: two-parent family, blended family and single-
parent family. Regional disparities are less homogenous and can differ greatly according to
the food group [3,7]. Overall, Walloon adolescents tend to have an intermediate position
between Flemish and Brussels adolescents [3,7]. Regional differences may be due to a
more or less healthy influence of neighboring countries on the regions [7,8] and different
food and socioeconomic environments. In addition, Belgian and regional public health
actions might have a different effect [3]. Thus, the retained ranking for the school region
was Flanders, Wallonia and Brussels-Capital.

Following such a ranking, a modified ridit transformation [20,21] was distinctly
applied to the family structure (model A) and to the school region (model B), and for each
survey year, in order to obtain a ranking score xi between 0 and 1. The family and regional
ranks xi were determined as follows for each family and regional category and for each
survey year:

ci + ci�1
2

(1)

where ci is the fraction of the population in the class i or lower (c0 = 0 and ci = 1) [21].
Hypothetical best-placed adolescents had a score equal to 0, while hypothetical worst-

placed adolescents had a score equal to 1.

2.4.2. Modeling
Following Mackenbach and Kunst [22], the Relative Index of Inequality (RII) and the

Slope Index of Inequality (SII) were used to quantify the gradient of inequality related to
the family structure (model A) and to the school region (model B) in relative and absolute
terms, respectively. The RII and SII are “the expected relative and excess risks comparing
the hypothetical extremes of the scale under the log-linear and linear models, respectively,
that best approximate the relation” [23] between the family structure or the school region
and dietary habits. These measures are complementary, as relative inequalities and absolute
inequalities can evolve in opposite ways, especially with high frequency of unfavorable
consumption. Together, therefore, they provide a reliable overview of the situation and
prevent wrongly concluding that inequalities have been reduced, for instance. Another
advantage of these summary measures of inequality is that they take into account “both
the population size and the relative [ . . . ] position of groups” [22].
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(Non-)daily food consumption, expressed as prevalence, was assumed to depend on
the notional regional and family ranks x and was denoted as f (x) [21]. To estimate f (x), a
generalized linear model was used with a log link function to calculate the RII

[
f (1)
f (0)

] (2)

and an identity link function to calculate the SII

[ f (1)� f (0)] (3)

where 0 is the “position of the hypothetical best-placed” adolescents and 1 is the “position
of the hypothetical worst-placed” adolescents [23]. Given that the odds ratio estimated by
logistic regressions could overestimate the prevalence ratios in cross-sectional studies, a
Poisson regression with robust variance was used as a generalized linear model [24].

Following their definitions, the RII and SII can be interpreted as a rate ratio and a
rate difference, respectively. An RII equal to 1 means no difference in relative inequalities
and an SII equal to zero means no difference in absolute inequalities. A 95% confidence
interval (95% CI), i.e., ↵ = 0.05, including 1 for the RII and 0 for the SII means that there
is no difference in relative and absolute inequalities, respectively. An RII equal to x
means that worst-placed adolescents are x-fold more likely to have a given food frequency
consumption than best-placed adolescents. An SII equal to x means that worst-placed
adolescents are x times more likely to have a given food frequency consumption than
best-placed adolescents.

For each food group, crude RII and SII values were estimated for models A and B
first. Secondly, RII and SII were adjusted for sex, age and school region (model A) or
family structure (model B). Trends over time in RII and SII were estimated by including
a two-way interaction term modified ridit score (based on family structure for model A
and on school region for model B) by survey in the related model equation [25]. In the
case where the evolution of RII and SII was quadratic, i.e., an extremum observed in 2002,
a test for quadratic trend was performed (including survey year squared in the two-way
interaction term).

Due to the substantial sample sizes, the significance of the differences in adolescents’
characteristics was determined by the magnitude of the differences rather than the p-value.
The significance of the RII and SII was based on the 95% CI, while for trends, the p-value of
the two-way interaction term was used [25]. All analyses were performed using Stata/IC
14.2® (StataCorp, College Station, TX, USA).

3. Results
Characteristics of adolescents were considered to be stable over the years, except for

the family structure (Table S1). “Single-parent” and “blended” families became more com-
mon over time. In addition, in 2014, compared to previous survey years, more adolescents
from schools in Wallonia and less adolescents from schools in Flanders were included.
Between 1990 and 2014, the prevalence of daily SSB consumption decreased, while the
overall prevalence of non-daily fruit and vegetable consumption increased, with a slight
decrease since 2002 (Figure S2).

3.1. Disparities Related to the Family Structure
Over the years, disparities related to the family structure were observed for the

three food groups, except for SSB consumption in 1990 (Table 1). For instance, in 1990,
hypothetical worst-placed adolescents (i.e., from single-parent families) were 1.58-fold
(95 %CI: 1.33–1.88) more prone to non-daily fruit consumption than the hypothetical
best-placed (i.e., from two-parent families).
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Table 1. Prevalence and Relative Index and Slope Index of Family Inequalities (RII-F and SII-F) of fruit, vegetable and
sugar-sweetened beverage consumption among adolescents between 1990 and 2014 (HBSC, Belgium, 1990–2002–2014).

Family Structure 1990 2002 2014 P for Trend

Non-daily fruit consumption
Single-parent family (%) 33.0 70.7 64.1

Blended family (%) 34.2 73.7 63.8
Two parents (%) 26.6 68.4 58.8
cRII-F (95% CI) 1 1.56 (1.32–1.86) 1.10 (1.06–1.14) 1.17 (1.13–1.23) 0.43 a

aRII-F (95% CI) 2 1.58 (1.33–1.88) 1.15 (1.11–1.19) 1.18 (1.13–1.23) 0.007 a

cSII-F (95% CI) 1 13.37 (7.82–18.92) 6.56 (4.10–9.02) 9.91 (7.26–12.55) <0.001 b

aSII-F (95% CI) 2 13.14 (7.59–18.70) 9.53 (7.04–12.03) 10.40 (7.72–13.08) <0.001 b

Non-daily vegetable consumption
Single-parent family (%) 27.0 53.5 49.3

Blended family (%) 23.8 50.0 41.4
Two parents (%) 22.6 48.8 43.8
cRII-F (95% CI) 1 1.35 (1.10–1.66) 1.14 (1.09–1.21) 1.15 (1.08–1.22) 0.26 a

aRII-F (95% CI) 2 1.30 (1.06–1.60) 1.11 (1.06–1.17) 1.16 (1.09–1.23) 0.32 a

cSII-F (95% CI) 1 7.30 (2.08–12.51) 6.80 (4.11–9.50) 6.10 (3.42–8.78) 0.68 a

aSII-F (95% CI) 2 6.74 (1.54–11.94) 5.56 (2.84–8.28) 6.81 (4.11–9.50) 0.76 a

Daily sugar-sweetened beverage consumption
Single-parent family (%) 60.5 44.4 39.7

Blended family (%) 64.2 44.9 40.2
Two parents (%) 58.4 39.6 32.0
cRII-F (95% CI) 1 1.10 (1.00–1.21) 1.26 (1.18–1.34) 1.51 (1.41–1.62) <0.001 a

aRII-F (95% CI) 2 1.08 (0.98–1.19) 1.27 (1.19–1.35) 1.47 (1.37–1.58) <0.001 a

cSII-F (95% CI) 1 5.87 (0.00–11.74) 9.70 (7.00–12.40) 15.05 (12.39–17.72) 0.001 a

aSII-F (95% CI) 2 4.80 (�1.11–10.70) 10.10 (7.41–12.80) 14.34 (11.68–17.00) 0.002 a

1 Crude Relative Index of family Inequality and Slope Index of family Inequality and their 95% confidence intervals; 2 Adjusted Relative
Index of family Inequality and Slope Index of family Inequality for sex, age and school region, and their 95% confidence intervals; a P for
linear trends; b P for quadratic trends.

Over time, a downward trend in family structure-related relative disparities (p = 0.007)
was observed for non-daily fruit consumption. This was related to a differential increase in
non-daily consumption according to the family structure between 1990 and 2014 (Figure 1a).
Indeed, initially the biggest non-daily consumer group, adolescents from a blended family
had the lowest increase in non-daily fruit consumption between 1990 and 2014. Conversely,
adolescents from a two-parent family, i.e., the smallest non-daily consumer group in 1990,
showed the highest increase in non-daily consumption. Considerable disparities for non-
daily vegetable consumption were observed every survey year (Figure 1b); however, no
trend (p = 0.32) was found. Conversely, a trend towards increasing disparities (p < 0.001)
was observed for daily SSB consumption due to an increase in consumption differences
between adolescents from different family structures (Figure 1c). Indeed, while they already
had the lowest daily consumption, adolescents from a two-parent family experienced the
largest decrease in daily SSB consumption. The smallest decrease in daily SSB consumption
was observed among adolescents from a single-parent family.
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Figure 1. Changes in prevalence of food consumption according to the family structure between 1990 and 2014 (HBSC,
Belgium, 1990–2002–2014): (a) non-daily fruit; (b) non-daily vegetable; (c) daily sugar-sweetened beverage.
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3.2. Disparities Related to the School Region
Regional disparities were observed for all food groups over the years, except for SSB

consumption in 2002 and for vegetable consumption in 2014 (Table 2). In 2014, hypo-
thetically worst-placed adolescents (i.e., in a school in Brussels) were 0.55-fold (95% CI:
0.52–0.57) more likely to have non-daily fruit consumption than hypothetically best-placed
adolescents (i.e., in a Flemish school).

Table 2. Prevalence and Relative Index and Slope Index of regional Inequalities (RII-R and SII-R) of fruit, vegetable and
sugar-sweetened beverage consumption among adolescents between 1990 and 2014 (HBSC, Belgium, 1990–2002–2014).

School Region 1990 2002 2014 P for Trend

Non-daily fruit consumption
Brussels-Capital (%) 25.5 61.8 50.8

Wallonia (%) 27.3 64.0 52.8
Flanders (%) 28.6 74.4 72.7

cRII-F (95% CI) 1 0.87 (0.76–0.99) 0.74 (0.71–0.76) 0.54 (0.52–0.57) <0.001 a

aRII-F (95% CI) 2 0.83 (0.73–0.96) 0.73 (0.71–0.76) 0.55 (0.52–0.57) <0.001 a

cSII-F (95% CI) 1 �3.92 (�7.67–�0.17) �20.75 (�22.76–�18.73) �34.84 (�37.15–�32.53) <0.001 a

aSII-F (95% CI) 2 �4.19 (�7.94–�0.45) �20.71 (�22.76–�18.67) �34.68 (�37.03–�32.33) <0.001 a

Non-daily vegetable consumption
Brussels-Capital (%) 24.3 56.8 53.3

Wallonia (%) 27.1 51.8 40.4
Flanders (%) 20.0 46.4 46.9

cRII-F (95% CI) 1 1.57 (1.35–1.82) 1.31 (1.25–1.37) 0.97 (0.91–1.02) <0.001 a

aRII-F (95% CI) 2 1.55 (1.33–1.80) 1.29 (1.23–1.34) 0.99 (0.93–1.05) <0.001 a

cSII-F (95% CI) 1 11.07 (7.39–14.76) 13.43 (11.24–15.62) �1.44 (�3.79–0.91) <0.001 a

aSII-F (95% CI) 2 11.38 (7.65–15.10) 12.65 (10.44–14.87) �0.38 (�2.75–1.98) <0.001 a

Daily sugar-sweetened beverage consumption
Brussels-Capital (%) 64.0 41.1 41.2

Wallonia (%) 59.2 40.4 35.5
Flanders (%) 57.3 41.0 32.0

cRII-F (95% CI) 1 1.13 (1.06–1.22) 0.99 (0.94–1.04) 1.35 (1.26–1.45) <0.001 b

aRII-F (95% CI) 2 1.15 (1.07–1.23) 0.99 (0.94–1.04) 1.37 (1.28–1.47) <0.001 b

cSII-F (95% CI) 1 7.41 (3.32–11.49) �0.55 (�2.72–1.62) 10.27 (7.89–12.66) <0.001 b

aSII-F (95% CI) 2 8.13 (4.00–12.26) 1.13 (�1.05–3.31) 11.03 (8.65–13.40) <0.001 b

1 Crude Relative Index of regional Inequality and Slope Index of regional Inequality and their 95% confidence intervals; 2 Adjusted Relative
Index of regional Inequality and Slope Index of regional Inequality for sex, age and family structure and their 95% confidence intervals; a P
for linear trends; b P for quadratic trends.

Throughout the years, a trend towards increasing disparities with time (p < 0.001)
was observed for non-daily fruit consumption. This was related to a differential change
in non-daily consumers according to the school region (Figure 2a). The lowest increase
in non-daily fruit consumption was observed among adolescents from Walloon schools.
Those from Flemish schools had the highest increase in consumption, although they were
the largest consumer group in 1990. Interestingly, adolescents considered as better-placed,
i.e., adolescents in a Flemish school, were more likely to have non-daily fruit consumption
(RII < 1).

In addition, a trend towards decreasing regional disparities (p < 0.001) for non-daily
vegetable consumption was found: the lowest increase in non-daily vegetable consumption
was observed among adolescents in a Walloon school, while the highest increase was
among those in a Flemish school (Figure 2b). Conversely, an upward trend (p < 0.001) was
observed for daily SSB consumption. This increase was mainly due to the highest decrease
among the initially smallest daily SSB consumer group, i.e., adolescents in a Flemish school,
and the lowest decrease among the initially largest daily consumer group, i.e., adolescents
in a Brussels-Capital school (Figure 2c).
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Figure 2. Changes in prevalence of food consumption according to the school region between 1990 and 2014 (HBSC,
Belgium, 1990–2002–2014): (a) non-daily fruit; (b) non-daily vegetable; (c) daily sugar-sweetened beverage.
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4. Discussion
Throughout the years, the overall prevalence of non-daily fruit and vegetable con-

sumption increased (with a slight decrease since 2002), while family and regional disparities
decreased, except for regional disparities for non-daily fruit consumption. In contrast,
the overall prevalence of daily SSB consumption decreased, whereas family and regional
disparities increased. The major changes in food consumption were mainly observed
between 1990 and 2002. This is most likely due to the characteristics of the adolescents and
their environment rather than to methodological issues (as discussed below).

To the best of our knowledge, few studies have investigated trends in dietary habits, es-
pecially in adolescent populations [12,26–28] and covering such a long period (>20 years) [28],
thus limiting their comparability. The prevalence of non-daily fruit and vegetable con-
sumption doubled between 1990 and 2002 and slightly decreased thereafter, in line with
the literature, which highlighted a similar trend for fruit consumption [27]. In addition, the
HBSC reports (starting in 1993–1994) confirmed an increase in non-daily fruit and vegetable
consumers between the 1990s and early 2000s [29–31]. Not eating fruit and vegetables
regularly may be due to the unpleasant taste perceived by some adolescents compared
with more palatable foods and to practical constraints such as washing, peeling or cooking
before consumption compared with ready-to-eat snacks [32]. Fruit, frequently eaten as a
snack/dessert, could be replaced by more attractive foods [32], such as biscuits or milky
desserts. Furthermore, adolescents may have progressively replaced fruit and vegetables
with various industrial processed ready-to-eat fruit-based or vegetable-based foods, such
as applesauce or composite dishes. Adolescents may not identify such foods as a consump-
tion of fruit or vegetables and may consequently underreport their consumption when
filling out a short FFQ, such as in the HBSC survey. Between 2002 and 2014, the observed
small decrease in non-daily fruit and vegetable consumers could partly be explained by
public health efforts regarding such foods resulting in a possible increased awareness of
the general population on their benefits [33].

The proportion of daily SSB consumers decreased by almost half between 1990
and 2014, with most of the decrease being observed between 1990 and 2002. The ob-
served decrease in daily SSB consumers is in line with most of the HBSC countries since
1998 [30,31,34] (information was not available in the 1993–1994 international HBSC report).
Previous studies in the US [12,26] have also highlighted a decline in SSB intake since 1990.
For years, policy stakeholders and health professionals have advised the public to limit
intake of sugary drinks due to their association with various negative health outcomes [35].
In addition, this warning has potentially pushed industries to progressively market artifi-
cially sweetened beverages (ASBs). Although the potential adverse effects of these drinks
on health have recently been underlined [36], ASBs were suggested as substitutes for sugary
drinks due to their low calorie content. As a result of both the awareness on SSBs and the
development of ASBs, adolescents could have substituted SSBs for ASBs [37], which would
explain the decrease in SSB consumption between the 1990s and the early 2000s. However,
this hypothesis cannot be verified with our data, as the question regarding ASBs was not
included until 2002 in the Dutch-speaking schools and 2006 in the French-speaking schools.

To our knowledge, no study has analyzed trends in family and regional disparities
regarding dietary habits, thus limiting comparison. Nonetheless, to understand the reasons
behind the changes and to provide tools to implement public health initiatives, potential
causes of disparities are discussed.

Single-parent families, often with fewer financial resources (one-third had a low family
affluence scale (FAS) [38] in 2002 and 2014 compared to one in six for other family struc-
tures), may have adopted the new dietary recommendations more slowly than other family
structures did, including the limitation of SSB consumption. Indeed, income is associated
with adherence to nutritional recommendations [39]. In addition, these families may have
been less likely to substitute SSBs for ASBs due to the slightly higher average price of the
latter [40]. Moreover, in recent years, blended families have become increasingly frequent
at the expense of two-parent families. In Belgium, the share of blended families was less
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than 5% in 1990, while it was almost 10% in 2002 and 15% in 2014. Since step-parents
are usually less active and involved in the education and the health of the children [5],
we assumed that the increase in the blended family structure could have led to a shift in
the role of step-parents, resulting, in turn, in a change in the families’ dietary habits. In
addition, adolescents from blended families reported a higher FAS in 2014 compared to
2002 (84.3% had a medium or a high FAS in 2014 vs. 79.3% in 2002). Therefore, healthy
foods, such as fruits and vegetables, may have become more affordable [6] over the years
for a greater proportion of blended families.

In recent years, in Belgium, the change in federated entities responsible for health
promotion led to different campaigns and interventions being implemented in the regions,
in terms of messages, target population, dissemination or intensity. In addition, the
effectiveness of these actions may be different given that the responsiveness could be
culturally influenced [11]. Our results suggest that public health initiatives focusing on
fruit and vegetable consumption were less effective in the Flemish population than they
were in other regions, while those for SSB consumption were more effective in Flanders.
In addition, we assumed that the food supply and the culture-related behaviors, which
are complex to evaluate, may have changed differently over the years depending on the
region, but this requires further examination. Furthermore, the regional changes in food
consumption were also similar to the changes observed in neighboring countries, i.e., in
France between 1993–1994 and 2013–2014 [29–31] and in the Netherlands between 2001–
2002 and 2013–2014 [30,31]. Indeed, a higher increase in non-daily fruit consumption and a
higher decrease in daily SSB consumption were observed in the Netherlands compared
to France, confirming the influence of neighboring countries. However, no similarity for
vegetable consumption was observed with neighboring countries [30,31]. The imbalanced
increase in non-daily vegetable consumers resulted in a homogenization of behaviors
in Belgium.

A major strength of our study was the long retrospective period (24 years), with
repeated and similar assessments of dietary habits. This enabled to highlight trends that
would have been different compared to a shorter timer period that would have only started
in the 2000s. However, some characteristics could not be used because they were not
comparable across the surveys or were not yet developed, such as the Family Affluence
Scale [38]. In addition, the food groups available for analyses since 1990 were rather
limited, but the selected groups are amongst the most important in terms of health [35] and
have particularly been subject to public health actions. The long-term assessment led to
a potential bias related to the small differences between the questionnaires. Indeed, the
number of response categories increased from five to seven, and some foods were grouped
together (“raw” and “cooked” vegetables into one category) or specified (sugar- and non-
sugar-sweetened beverages were more clearly differentiated). These changes should not
cause a major methodological issue [27] and, therefore, are unlikely to be responsible for
the major changes occurring since the 1990s. Nevertheless, they may be responsible for a
slight overestimation of the consumption of vegetables in 1990, for instance. The initial
response categories also prevented a more accurate categorization of food consumption in
relation to the dietary recommendations. Furthermore, the large sample size led to a gain in
statistical power but did not hinder the confidence in tests for trends based on interaction
terms. The methodology used to evaluate the disparities has the advantage of considering
whole regional/family distribution and not only the extreme groups as is the case in classic
comparisons. Indeed, social inequalities cannot be reduced on the extremes of the social
hierarchy. Actions, especially those directed at high-risk populations, could shift the risk
to intermediate groups. Therefore, meaningful information on the changes in disparities
would have been missed with classic measures. Furthermore, thanks to the x-rankings
of the family and the regional distributions, these indices allow valid cross-population
comparisons [23]. However, although the changing structure of the population is taken
into account, their disadvantage is that they do not actually capture a possible change in
the structure of the population. These measures must, therefore, be complemented by the
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population attributable factor. Indeed, the change in disparities was a genuine change
and was not due to changes in the population structure (data not shown). Finally, in
order to facilitate the interpretation of the findings, the same category order based on prior
assumption of the overall dietary pattern [3,7] was kept throughout the analyses. However,
depending on the year and the food group studied, the ranking of family structure and
school region categories may be somewhat different. Given the small differences observed,
keeping the original order only led to a slightly lower accuracy of these estimates.

5. Conclusions
In summary, increasing disparities were observed when dietary habits improved,

whereas decreasing disparities were observed when dietary habits worsened. This trend
is to be confirmed with other food groups, e.g., whole grains or animal protein foods
such as dairy or meat, although the consistency of our results for the three food groups
suggests that the same trend will be observed. Furthermore, changes in other significant
determinants of dietary habits, such as socioeconomic or migration status, must be studied
when available.

While it was suspected and hypothesized, this is the first time that such a figure has
been demonstrated for several indicators and food groups and over a long period of time.
Our results underline that public health actions in Belgium have, thus far, failed to both
improve dietary habits and tackle social inequalities, possibly due to a counterproductive
environment such as intensive marketing of unhealthy foods. Furthermore, our study
confirms that interventions regarding dietary habits must better mobilize the concept of
proportionate universalism, i.e., improving dietary habits proportionally to the degree of
needs. More practically, actions should take into account the specificities, needs and access
barriers to a healthy diet of different sub-populations in order to be universal, but with
an intensity that depends on the level of disadvantage. Thus, improved affordability of
healthy foods and including a cultural component in actions could help improve the dietary
habits of adolescents while reducing family- and regional-related inequalities, respectively.
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3. Additional analyses on the Brussels-Capital Region 

These additional analyses aimed to determine how the dietary disparities related to migration 

status have evolved between 1986 and 2014 in the Brussels-Capital Region, which includes a 

high proportion of immigrants from very various backgrounds. The data came from three 

waves of French-speaking surveys: 1986, 2010 and 2014. The gap in years between the first 

two selected surveys is due to the fact that migration status was not available between these 

two surveys, when adolescents were questioned about their nationality rather than their country 

of birth. The Dutch-speaking surveys were not taken into account here as adolescents from 

Dutch-speaking schools in the Brussels-Capital Region were not included in the sampling.   

In total, 3,458 adolescents were included in analyses, 417 in 1986, 1,096 in 2010 and 1,945 in 

2014. The same methodology as the main analyses of this chapter was followed (see section 

2). Three food groups categorised in daily and non-daily consumption were considered: fruit, 

vegetables and SSB. The RII and SII were used to quantify the gradient of inequality related to 

the migration status. In this respect, the migration status was ranked according to prior 

hypotheses on dietary behaviours, mainly drawn from our previous results (Chapter III, 

section 2). Thus, the ranking was as follows: natives, 2nd-generation immigrants, and 1st-

generation immigrants. Note that the ranking was disordered for certain food groups and survey 

years. Nevertheless, with the exception of fruit in 1986 and SSB in 2010, the proportion of 

2nd-generation immigrants with unfavourable consumption was close either to that of natives 

or to that of 1st-generation immigrants, which should not affect the RII and SII interpretation 

in a consequent way. For further interpretation of these measures of inequalities, the PAF was 

determined and is presented together with the RII and SII and their evolution over time in Table 

M-1. 

Overall, prevalence of non-daily consumption of healthy foods (fruit and vegetables) increased 

between 1986 and 2010, and then stabilised, regardless the migration status of adolescents 

attending schools in Brussels-Capital (Table 10). The proportion of adolescents of all 

migration status who daily consumed unhealthy foods (SSB) decreased between 1986 and 

2010, then increased in 2014 (without, however, reaching the 1986 proportion again). 

No significant relative or absolute disparities related to migration status were observed for fruit. 

By contrast, disparities were observed for vegetable consumption throughout the survey years. 

For instance, in 2014, hypothetical worst-placed adolescents (i.e. close to 1st-generation 

immigrants) were 1.40-fold (95%CI: 1.18-1.65) more likely to consume vegetables on a daily 
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basis than hypothetical best-placed (i.e. close to natives). Finally, while no significant relative 

or absolute migration-related disparities were observed for SSB in 1986 and 2010, significant 

disparities appeared in 2014.  

No trend was observed for fruit and SSB consumption. However, a trend toward decreasing 

absolute inequalities was sizeable for vegetable consumption (p = 0.02). The PAF suggests that 

between 2010 and 2014 the decrease in inequality may be partly due to a change in the structure 

of the population. However, it confirms that, overall, the observed fall in inequality is a genuine 

reduction and thus, cannot be completely due to the increasing number of immigrants in 

Brussels-Capital Region. Further analyses should be carried out on larger samples, in particular 

to confirm the lack of disparities and trends, as well as the impact of changing population 

structure, and to investigate migration-related disparities in other food groups. 

In summary, while the number of immigrants has increased, and their origins as well as reasons 

for coming in the Brussels-capital Region have changed, the consumption of fruit has overall 

evolved in a similar way between natives and immigrants. In addition, no migration-related 

disparities were observed for this food group. Conversely, different trends according to 

migration status were noted for vegetables, resulting in changes in disparities. Indeed, a 

decrease in disparities was observed in vegetable consumption since 1986, whereas the 

proportion of non-daily vegetable consumption increased. Therefore, actions directed at 

vegetables must ensure that they improve the overall frequency of vegetable consumption and 

continue not to increase inequalities. Regarding unhealthy foods, while an overall decrease in 

non-daily SSB consumers was observed between 1986 and 2014, an increase was observed 

between 2010 and 2014, and disparities related to migration status appeared in 2014. These 

findings suggest that public health actions implemented in recent years seem to have been 

ineffective, probably partly as a result of intensive private marketing of SSB. Finally, the trend 

of increasing inequalities when dietary habits improved and decreasing inequalities when 

dietary habits worsened that have been observed in Belgium with regard to family structure 

and school region, was partially retrieved when addressing the migration status in Brussels. 
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Table 10. Prevalence and Relative Index (RII) and Slope Index of Inequalities (SII) related to migration status in 

fruit, vegetables, and sugar-sweetened beverages consumption among adolescents between 1986 and 2014. 

HBSC, French-speaking Belgium, 1986-2010-2014. 

 1986 2010 2014 P for 
trend 

Non-daily fruit consumption 

1st-gen. imm. (%) 26.8 48.3 47.9  
2nd-gen. imm. (%) 19.9 49.8 47.7  
Natives (%) 28.8 45.2 50.6  
cRII (95% CI)1 0.66 (0.34-1.28) 1.13 (0.90-1.43) 0.93 (0.78-1.11) 0.99 
aRII (95% CI)2 0.68 (0.35-1.35) 1.15 (0.91-1.45) 0.90 (0.75-1.07) 1 
cSII (95% CI)1 ņ9.46 (ņ24.23-5.31) 6.15 (ņ5.35-17.66) ņ3.44 (ņ11.89-5.01) 0.84 
aSII (95% CI)2 ņ10.43 (ņ25.38-4.53) 7.63 (ņ4.19-19.45) ņ4.84 (ņ13.41-3.74)  0.81 

Non-daily vegetable consumption 

1st-gen. imm. (%) 37.5 56.6 54.9  
2nd-gen. imm. (%) 19.9 55.5 54.9  
Natives (%) 10.3 44.2 40.8  
cRII (95% CI)1 6.23 (2.74-14.17) 1.46 (1.17-1.82) 1.43 (1.21-1.69) 0.02 
aRII (95% CI)2 6.46 (2.81-14.87) 1.46 (1.17-1.82) 1.40 (1.18-1.65) 0.02 
cSII (95% CI)1 29.91 (16.41-43.42) 20.33 (8.54-32.11) 19.83 (10.47-29.19) 0.14 
aSII (95% CI)2 29.74 (15.92-43.56) 20.80 (8.65-32.95) 19.03 (9.54-28.51) 0.15 

Daily sugar-sweetened beverage consumption 

1st-gen. imm. (%) 60.7 24.4 40.4  
2nd-gen. imm. (%) 57.8 32.6 41.8  
Natives (%) 59.5 26.4 32.1  
cRII (95% CI)1 0.99 (0.73-1.34) 1.08 (0.76-1.52) 1.32 (1.06-1.63) 0.12 
aRII (95% CI)2 0.92 (0.68-1.25) 1.07 (0.76-1.49) 1.25 (1.01-1.54) 0.10 
cSII (95% CI)1 ņ0.63 (ņ18.42-17.15) 2.45 (ņ8.81-13.72) 11.70 (2.62-20.77) 0.15 
aSII (95% CI)2 ņ5.49 (ņ23.84-12.86) 2.97 (ņ8.79-14.72) 10.92 (1.62-20.21) 0.12 

1
 Crude Relative Index of Inequality and Slope Index of Inequality and their 95% confidence interval 

2 Adjusted Relative Index of Inequality and Slope Index of Inequality for sex, age and family structure, and their 
95% confidence interval 
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4. Conclusion 

The aim of this chapter was to assess long-term trends in dietary habits and in dietary disparities 

related to the family structure and school region in Belgium, and to the migration status in the 

Brussels-Capital Region. This research is one of the first to investigate, in adolescents, trends 

over many years regarding different social disparities in some iconic food groups and using 

appropriate methods for comparison of disparities over time. Our findings might help identify 

ways to improve current public health actions on both overall food consumption and related 

disparities. 

First of all, a worsening of fruit and vegetable consumption was highlighted in the 1990s, 

followed by an improvement since the 2000s in Belgium. By contrast, the proportion of daily 

SSB consumers decreased sharply in the 1990s and then slightly in the 2000s. Note that in 

Brussels-Capital, the proportion of daily SSB consumers increased in the 2010s after a decrease 

between 1990 and 2010. Our results are in line with the literature,116,176,186±191 which mainly 

comprises international descriptive reports176,186,188 and studies conducted in the U.S.189,190 

However, these studies were conducted over shorter periods of time, focusing either before the 

years 2000s or since then. As a result, the overall picture of the trend in healthy food 

consumption, which may be divided into worsening followed by improvement, could not be 

highlighted throughout standardized information. The recent improvements that were 

highlighted in dietary habits may be the result of the awareness of the general population on 

the disadvantages of unhealthy foods, such as SSB, and on the benefits of healthy foods like 

fruit and vegetable. This awareness can partly arise from the various public health actions 

implemented, including the fruit and vegetable ³fiYe-a-da\´ campaign foU inVWance.192 

Disparities related to family structure and school region were highlighted for each food groups 

and almost each survey years. By contrast, few disparities related to migration status were 

found in the Brussels-Capital Region: they were observed for vegetable consumption and more 

recently, for SSB. Regarding the family structure, a trend towards increasing disparities was 

observed in fruit consumption, while a downward trend in disparities was revealed in SSB 

consumption. This may be explained by a slower adoption of the new dietary recommendation, 

including limiting SSB, by single-parent families due to their fewer financial resources, as 

income is associated with adherence to dietary recommendations.193 In addition, given their 

increasing financial resources over years, blended families may have a better financial access 

to healthy foods,63 such as fruit and vegetables. Furthermore, while decreasing region-related 
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disparities were highlighted for vegetable consumption, an upward trend in disparities was 

observed for both fruit and SSB consumption. The most likely reasons for this would be that 

federal actions have culturally different impacts on the population194 and actions implemented 

at a regional level would be more or less active and effective. Finally, a downward trend in 

disparities related to the migration status in Brussels-Capital was observed in vegetable 

consumption. The increase in immigrants may have led to an increase in the cultural 

diversification of the food supply, particularly regarding vegetables, which would therefore be 

more suitable for these populations and would induce their greater consumption. This will 

deserve complementary investigation through other methods. 

Very few studies have investigated trends in dietary disparities among adolescents, and none 

over the long term or with appropriate measures to compare populations at different points in 

time.116 Among the few on trends, none have examined these indicators (family structure, 

school region and migration status), preventing a specific comparison. In Nordic countries, 

increasing and decreasing inequalities related to FAS were both observed for fruit and 

vegetable consumption among adolescents, depending on the country, while overall decreasing 

inequalities were highlighted in soft drink consumption.116 In the U.S., ethnicity-related 

disparities in typical fruit drink intake tend to decrease over time among adolescents.195 Thus, 

unlike the evolution of food consumption which seems to be similar across the world, the 

change of inequalities related to social position seems to be both indicator- and context-

specific. This suggests that public health actions must take into account the specifics of the 

social position in the context along with the context itself.  

To conclude, overall, increasing disparities were emphasised when dietary habits improved, 

whereas decreasing disparities were observed when dietary habits worsened (Table 11). While 

it was suspected and hypothesised, this is the first time that such a figure has been demonstrated 

for several social position indicators and food groups, and also over a long period of time. In 

fact, our results underline that public health actions in Belgium have failed to improve dietary 

habits and tackle social inequalities at the same time. This also suggests that strategies to 

improve food consumption and reduce inequalities are different even if they can be combined 

in one action. Interestingly, some countries, such as Norway and Finland, managed to achieve 

this double objective of improving dietary behaviour of adolescents while addressing 

inequalities over the years.116,195 To do so, public health actions must incorporate the concept 

of proportionate universalism, i.e. improving dietary habits proportionally to the degree of 

needs, which will be addressed in the discussion section (see Chapter VI, section 4). 
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Table 11. Summary of trends in dietary habits and related inequalities. 

 Changes in Belgium between 1990 and 2014 Changes in Brussels-Capital between 1986 and 2014 

 % Non-daily consumers RII-Family Structure  RII-School Region  % Non-daily consumers RII-Migration Status 

Fruit Increase Reduction Increase Increase Reduction 

Vegetables Increase Reduction Reduction Increase Reduction 

 % Daily consumers RII-Family Structure  RII-School Region  % Daily consumers RII-Migration Status 

Sugar-sweetened 
beverages 
 

Decrease Increase Increase Decrease Increase 



 

142 
 

CHAPTER V. DIETARY DISPARITIES AMONG 

ADOLESCENTS:  RESPECTIVE EFFECTS OF INDIVDUAL 

AND SCHOOL CHARACTERISTICS  

္ 

1. Introduction 

So far, the literature as well as this doctoral thesis have mainly focused on the individual 

determinants of adolescents' dietary habits, especially those related to the socioeconomic and 

sociocultural positions. However, dietary habits of adolescents could also be influenced by 

more contextual determinants, especially the environment of their school (e.g. socioeconomic, 

nutrition-UelaWed componenWV«). These contextual characteristics should be viewed 

independently of individual characteristics when investigating social disparities in dietary 

habits. Although these indicators may be interrelated, they are complementary and thus not 

interchangeable (see Chapter I, section 1.2.3.1). Therefore, distinguishing and understanding 

individual and contextual socioeconomic respective influences on dietary habits is useful to 

develop effective public health actions. 

The school socioeconomic environment of adolescents in relation to their dietary habits has 

been addressed in a few studies.65,111,196 Findings highlighted that adolescents in lower 

socioeconomic environment tended to have less favourable dietary behaviours.65,111,196 

Athough rarely studied together, individual and contextual socioeconomic status are likely to 

be independently related to adolescents' dietary habits.65,111 As a result, the underlying 

mechanisms of disparities differ;58,64 however, those of contextual socioeconomic disparities 

remain unclear due to the lack of process studies. For instance, dietary habits of adolescents 

may positively be influenced by their peers, through a greater exposure to healthier habits from 

more affluent peers when the individual socioeconomic status within the school are diverse. 

Along with the contextual socioeconomic status, the nutrition-related environment could play 

an important role in dietary habits of adolescents. This issue has mainly been addressed in 

intervention studies.197 In this respect, more favourable behaviours have been reported among 

adolescents in schools with a favourable food offer, such as free provision of fruit,197 or in 

which food-related actions like educational program on beverages198,199 have been 

implemented. Although the literature on this subject is quite extensive,197,200 particularly in the 

U.S.,197 the results need to be confirmed in ³real life´ settings and in diverse samples in Europe, 
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including by considering the whole environment rather than a specific component of it only. 

Indeed, very often, such interventions have been evaluated after a short-term endpoint and were 

not easily integraWed in Whe VchoolV¶ UoXWine.  

Under these considerations, the main aim of this chapter was to estimate individual and 

contextual socioeconomic disparities in dietary habits of adolescents in French-speaking 

schools, while taking into account school nutrition-related characteristics. This objective 

has been addressed in the submitted paper presented in section 2. The supplemental materials 

of this paper are presented in appendices N-Q: (i) inclusion diagram of schools and adolescents 

(Appendix N); (ii) factor map of the Multiple Correspondence Analysis (Appendix O); (iii) 

food consumption and characteristics of participants (Appendix P); (iv) multilevel logistic 

regressions for dairy products consumption (Appendix Q). 

In the same way as for the socioeconomic level,65,111 it is expected that the sociocultural 

position of the adolescent and its sociocultural environment may be independently involved in 

dietary habits. However, to the best of our knowledge, this issue has never been addressed in 

adoleVcenWV¶ dieWaU\ habiWV. AV paUW of WhiV ZoUk, Ze WheUefoUe aVVXmed WhaW indiYidXal 

migration status and its counterpart at the contextual level, namely the proportion of 

immigrants in schools, would be independently related to adolescent dietary habits. 

Nonetheless, in Belgium, the proportion of immigrants in schools is strongly associated with 

the school socioeconomic status, with very high proportions of immigrants in schools with 

lower socioeconomic levels. In order to be as complete as possible, the two components were 

kept and combined (see Chapter II, section 2.2.3). Indeed, studying dietary habits by taking 

into account both socioeconomic status and migration status, and both at individual and 

contextual levels, could provide interesting insights for understanding the disparities related to 

each of these determinants. 

In that regard, additional analyses have been carried out on the Brussels-Capital Region, which 

includes a high proportion of immigrants from very various backgrounds. The objective of 

these complementary analyses was to estimate the dietary disparities related to individual 

and contextual socioeconomic and sociocultural status, among adolescents in the 

Brussels-Capital Region. The findings regarding fruit, and crisps and fries consumption are 

presented in the text below (section 3), while results relating to the other food groups are 

displayed in Appendix R. None of these latter results have been published elsewhere. 
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Abstract 41 

Objective 42 

Along with individual socioeconomic characteristics, school socioeconomic context 43 

may influence dietary habits in adolescents. Based on a multilevel approach, this 44 

study aimed to estimate disparities in dietary habits according to the individual and 45 

contextual socioeconomic status, while taking into account school nutrition-related 46 

characteristics. 47 

Design and setting  48 

Data were collected from secondary schools in French-speaking Belgium that were 49 

part of the 2017/2018 cross-sectionalȱ ȃHealthȱ Beha�iourȱ inȱ School-agedȱ ChildrenȄȱ50 

(HBSC) survey. 51 

Participants 52 

The final sample include 6,017 adolescents from 120 secondary schools in French-53 

speaking Belgium. 54 

Results 55 

Over two-thirds of the observed variance was explained by individual and school 56 

characteristics, with SES and SEI being the main contributors. For example, 76.9% of 57 

the initial variance observed for daily sugar-sweetened beverage (SSB) intake was 58 

explained by individual and school characteristics. Indeed, adolescents of a secondary 59 

or lower parental education level were more likely to consume SSB daily than those 60 

of a post-secondary level (aOR= 1.46 (1.29-1.66)). Compared to those in a high SEI 61 

school, the odds to consume SSB daily was higher for adolescents attending a low SEI 62 

school (aOR= 2.37 (1.90-2.96)). 63 

Conclusions 64 

Individual and school socioeconomic background are independently related to the 65 

dietary habits of adolescents. Since the association with nutrition-related projects and 66 

health promotion is not conclusive, schools should pursue a consistent nutrition 67 

policy, with an increased support in low socioeconomic populations. 68 

Keywords 69 

Dietary habits; socioeconomic disparities; contextual disparities; multilevel analyses; 70 

adolescents 71 
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Introduction 72 

Growing evidence is available on disparities in adolescent dietary habits related to individual 73 
socioeconomic status (SES)(1Ȯ3). Among others, these disparities may be driven by health literacy(4) and 74 
food affordability(5). Furthermore, adolescent dietary habits may be influenced by the contextual SES, 75 
such as the SES of their school, where they spend a large time of their day and they connect with their 76 
peers. Indeed, among adolescents, unhealthier dietary habits tend to be more frequent in lower SES 77 
schools(6Ȯ8). Since the literature on this topic is limited, the underlying determinants are still not well 78 
established. Adolescent dietary habits may be influenced by peers(9) through, for instance, a greater 79 
exposure to healthier habits from more affluent peers when the individual SES within the school are 80 
diverse. In addition, based on the literature on contextual SES, such as the area(10), the nutrition-related 81 
environment within and around schools may be unhealthier in the lowest SES schools. 82 

Furthermore, many strategies have been implemented in schools worldwide to improve adolescent 83 
dietary habits, however, findings from interventional studies are mixed(11,12). For example, direct 84 
provision of fruit and/or vegetables, either free of charge, at a reduced or full price, tends to increase 85 
their daily consumption(11). Conversely, contradictory results have been noted concerning the raise in 86 
access to water(11). Studies suggest that water intake would improve only when the provision of water 87 
is combined with promotion of water consumption(13,14). Reducing availability and sales of sugar-88 
sweetened beverages may reduce habitual intake but not in-school intake(11). Furthermore, restricting 89 
unhealthy snacks may decrease their consumption(11). 90 

Some school-based interventions aimed at improving beverage consumption have implemented a 91 
curriculum, including an educational program(15,16). For instance, reducing intakes of sugar-sweetened 92 
beverages can be reached by emphasising the quantity of added sugar in such beverages(16) or by  93 
promoting water consumption(15). Although interventional study design allows causality to be 94 
established, there is a need to assess such associations in real-life settings and in large and diverse 95 
samples. In addition, most studies took into account specific rather than overall school food availability 96 
or health promotion. However, the availability of one given food could influence the consumption of 97 
another(17). Similarly, the consumption of one specific food, for instance sugar-sweetened beverages, 98 
may be improved through health-promotion actions targeting another one, for instance water(15). 99 

The literature on the school environment is quite extensive(11,12). However, previous studies have mainly 100 
been conducted in the U.S.(11), where food and structural context differs greatly from European 101 
countries. In addition, individual and contextual disparities have been rarely addressed simultaneously 102 
when describing adolescent dietary habits and have been often limited to a few indicators(6). To date, 103 
only a few studies have considered both individual and contextual SES in adolescent dietary 104 
disparities(6,8). There is some evidence that contextual SES may influence dietary habits independently 105 
of individual SES(8,18) and, as a matter of fact, the underlying determinants of the two levels of disparities 106 
may differ(4,9). Therefore, distinguishing individual and contextual influences on adolescent dietary 107 
habits remains useful, especially to implement effective nutrition-related interventions. 108 

The aim of this study was to estimate the individual and contextual socioeconomic disparities in dietary 109 
habits of adolescents in secondary schools in Belgium. Based on multilevel analyses, we assessed the 110 
extent to which these disparities together with the main nutrition-related school characteristics could 111 
explain the school effect observed. 112 
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Methods 113 

Theȱ ȃHealthȱ Beha�iourȱ inȱ School-agedȱ ChildrenȄȱ ǻHBSCǼȱ isȱ aȱ cross-national school-based survey 114 
focusing on adolescent health behaviours, health status and well-being. It is conducted every four years 115 
in Europe and North America (about 50 countries in 2018) under the aegis of the World Health 116 
Organization (WHO) Regional Office for Europe(19). This research is based on the 2017/2018 HBSC 117 
survey conducted in the French-speaking schools of Belgium. The study protocol was approved by the 118 
Ethical Committee of the Faculty of Psychology at the Université libre de Bruxelles in Belgium (opinion 119 
n°032/2017). 120 

Sampling 121 

The sampling was based on a two-stage plan. Schools were drawn from a random sample, stratified 122 
proportionally to the distribution of the school population by province (n= 6) and education system 123 
(n= 3)(20). In each stratum, the number of schools selected was proportional to the distribution of the 124 
school population in these strata. Within the selected schools, one class from each level, from the 5th 125 
grade of primary school (corresponding to adolescents aged ± 10 years) to the final grade of secondary 126 
school (corresponding to adolescents aged ± 18 years), was randomly selected. All adolescents of the 127 
selected classes were invited to take part in the survey. The invited adolescents and their parents 128 
received an information letter prior the survey. Both were free to refuse participation, by letter for the 129 
parents and on the day of the survey for the adolescents. The pupils who agreed to participate were 130 
invited to complete the HBSC questionnaire in the classroom(20). In addition, a school member of the 131 
participating schools was invited to fill out a school-level questionnaire on school characteristics, 132 
including nutrition-related questions. 133 

Due to the disparity in the nutrition-related environement and projects in primary schools (data not 134 
shown), this study included adolescents in secondary schools only. Among the 401 secondary schools 135 
invited to take part to the survey, 134 schools actually participated, leading to the inclusion of 10.289 136 
adolescents. The final sample included all participants, whose schools fully answered the school-level 137 
questionnaire (n= 120 schools and 9,098 adolescents), who filled out a short Food Frequency 138 
Questionnaire (FFQ) (n= 6,797) and responded to all covariates. Thus, a total of 6,017 adolescents from 139 
120 secondary schools were included in the analyses (Supplementary Figure 1). 140 

Measures 141 

Food groups 142 

Food data were collected using a validated short FFQ(21,22), including 20 food groups and 7-answer 143 
categoriesǱȱȃmoreȱthanȱonceȱaȱda¢Ȅǲȱȃonceȱaȱda¢ȄǲȱȃśȮŜȱda¢sȱaȱ eekȄǲȱȃŘȮŚȱda¢sȱaȱ eekȄǲȱȃonceȱaȱ eekȄǲȱ144 
ȃlessȱthanȱonceȱaȱ eekȄǲȱandȱȃne�erȄǯȱFruit, vegetables, dairy products and water were selected as food 145 
groups for which consumption was to be favoured whereas crisps and fries, and sugar-sweetened 146 
beverages (SSB) were selected as those to be limited. In order to focus on unhealthy consumption, 147 
dietary outputs were ȃnon-daily consumptionȄ for the former four and ȃdaily consumptionȄ for the 148 
latter two. 149 

For composite variables such as dair¢ȱ productsȱ ǻcomposedȱ ofȱ ȃskimmedȱ orȱ semi-skimmedȱmilkȄǰȱ150 
ȃ holeȱmilkȄǲȱȃcheeseȄ and ȃ¢oghurtǰȱ hiteȱcheeseȄȱseparatel¢ȱinȱtheȱquestionnaire), crisps and fries 151 
ǻȃcrispsȄ and ȃfriesȄǼȱandȱsugar-s eetenedȱbe�eragesȱǻȃcokeȱandȱotherȱsugar¢ȱdrinksȄ and ȃlight/zero 152 
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cokeȱandȱotherȱlightȱdrinksȄǼǰȱinitialȱfrequenc¢ȱconsumptionȱforȱeachȱindicatorȱwas transformed into 153 
monthly consumption by multiplying the initial consumption by the mean number of weeks per month 154 
(i.e., 4.35). Then, frequency consumption per month of the group items were added up to obtain the 155 
frequency consumption of the composite variable. A ȃdaily consumptionȄ therefore corresponded to a 156 
consumption of at least 26.5 days.  157 

Individual characteristics 158 

AdolescentsȂȱ socioeconomic and demographic characteristics included in analyses were as follows: 159 
gender; age; family structure; siblings; Family Affluence Scale (FAS); perceived financial wealth; 160 
parental working status; and parental education level. 161 

TheȱFASȱisȱaȱ�alidatedȱȃbriefȱassets-basedȱmeasureȱofȱfamil¢ȱ ealthȄ composed of six items(23). The 162 
corresponding score ranged from 0 to 13 and was divided into three categories based on quintiles. The 163 
first quintile corresponded to adolescents with a ȃlowȄ FAS, the second to the fourth quintiles to 164 
adolescents with a ȃmediumȄ FAS and the fifth quintile to those with a ȃhighȄȱFAS. 165 

Parental education level was based on the highest level of education of the household in which the 166 
adolescent was living and was categorised into two groups: ȃsecondar¢ȱorȱlo erȄȱandȱȃpost-secondary 167 
schoolȄǯȱFor adolescents living in single-parent and blended families, if the level of education of the 168 
parent with whom the adolescent was living was not available, the level of education of the parent with 169 
whom the adolescent was not living was considered (n= 444). A significant amount of missing data 170 
remained and was, therefore, kept in a third category named ȃundeterminedȄ (n= 506). 171 

School characteristics 172 

School-level data included in analyses were the following: health promotion addressed in school 173 
missions; purpose of food projects (3 items) and food sold in the school (10 items). In addition, school 174 
region and school socioeconomic index (SEI) were taken into consideration. 175 

The school SEI is used to determine the allocation and use of school resources(24). It is based on 176 
individual characteristics of each school population: per capita income, parental education level, 177 
unemployment rates, labour force activity and social assistance allowance rates, and occupational 178 
activities(24). Schools were divided into 20 classes, with each class comprising 5% of the total secondary 179 
school population. Based on the quartiles, three categories were defined(24) and were used in our 180 
analyses. The first quartile corresponded to low SEI, the second quartile to medium SEI, and the last 181 
two quartiles to high SEI. 182 

Statistical analyses 183 

In order to consider together, rather than separately, all the listed foods sold in the school, a Multiple 184 
Correspondence Analysis (MCA) was conducted (Supplementary Figure 2). The first three 185 
dimensions, accounting for 68.3% of the variance, were retained to perform a Hierarchical Clustering 186 
on Principal Components (HCPC)  ithȱ WardȂsȱ methodsȱ andȱ Euclideanȱ distance(25). This HCPC 187 
identified three clusters of schools: (1) schools with ȃfew foodsȄ available for sale; (2) schools with 188 
ȃmainly unhealthy foodsȄ for sale; and (3) schools with ȃmany foodsȄȱwere available. 189 

The database had a two-level hierarchical structure (adolescents nested in schools). As a result, 190 
multilevel logistic regressions with random intercepts were performed for each food group 191 
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consumption. The first model incorporated only school-specific random effects without adolescent or 192 
school characteristics (model 1). The second model included all the individual characteristics in 193 
addition to the school-specific random effects (model 2). The third model included both individual 194 
characteristics and school characteristics in addition to the school-specific random effect (model 3). In 195 
the models 2 and 3, the slope of each individual characteristic was deemed to vary randomly across 196 
groups (i.e. schools). A likelihood-ratio test was performed to compare the random-slope model and 197 
the fixed-slope model(26). The random-slope model was retained when the P-value was significant, 198 
indicating that this model fits better than the fixed one. Odds ratio and 95% confidence intervals (95% 199 
CI) are presented as measures of association along with the Proportion of Opposed Odds Ratio (POOR) 200 
as measures of the effects of cluster-variables(27). Noteworthy, the POOR is used as a complement to OR 201 
of contextual variables and helps to address the problematic interpretation of these OR. It can take 202 
values ranging from 0% (homogenous association) to 50% (heterogeneous association)(27). Proportional 203 
Change of Variance (PCV), Variance Partition Coefficient (VPC) and Median Odds Ratio (MOR) are 204 
displayed as measures of components of variance and of heterogeneity respectively(27). Since the 205 
individual-level variance is fixed when using latent variable formulation in binary logistic regression, 206 
a scale correction factor was applied to the variance of models 2 and 3, resulting in a corrected VPC(27). 207 

Statistical significance of tests was set at 0.05. Analyses on MCA and HCPC were performed using R® 208 
and multilevel regression modelling was performed using Stata/IC 14® (StataCorp, College Station, TX, 209 
USA). 210 

Results 211 

Characteristics of adolescents and their schools are displayed in Supplementary Table 1. Around half 212 
of the adolescents did not eat fruit or vegetables daily, and one adolescent out of eight did not drink 213 
water daily (Fig. 1). One-third of adolescents consumed SSB daily and one out of seven ate crisps and 214 
fries daily. 215 

All results on associations between variables at the individual or contextual level and the food groups 216 
presented here relate to Models 3. Since we focused on adolescent SES and school SEI, results on 217 
sociodemographic associations are summarised at the end of the section. The analyses performed for 218 
dairy products revealed an association with gender and age only (Supplementary Table 2). 219 

Fruit consumption (Reference Category: daily) 220 

The likelihood of not consuming fruit daily was reduced as FAS category, perceived financial wealth 221 
and parental education level increased (Table 1). In addition, adolescents with no working parent were 222 
less likely to report non-daily consumption than adolescents with both parents working. Besides, the 223 
overall odds ratio for the school SEI denoted higher non-daily consumption of fruit in adolescents 224 
attending a low or medium SEI school. The POORs indicated that in around 10% of pair-wise 225 
comparisons, the odds would be higher for adolescents attending a high SEI school, meaning that the 226 
associations related to the SEI were homogenous across schools (Table 1). In addition, adolescents in 227 
Walloon schools are homogeneously (POOR= 3.7%) more likely to not consume fruit daily than those 228 
in Brussels-Capital. 229 
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Three-quarter (75.7%) of the total between-school variance, which decreased from 0.07 (model 1) to 0.02 230 
(model 3), was explained by individual- and school-level factors considered here (Table 1). The school 231 
effect became non-significant in model 3. 232 

Vegetable consumption (Reference Category: daily) 233 

The likelihood of eating vegetables non-daily increased as the level of FAS and the parental education 234 
level decreased (Table 2). Furthermore, the odds of not consuming vegetables daily increased as school 235 
SEI decreased. The POORs of SEI supported a homogenous association. In contrast, perceived financial 236 
wealth and parental working status were not associated with vegetable consumption (Table 2). 237 
Individual- and school-level factors explained 73.9% of the total between-school variance, which 238 
decreased from 0.18 (model 1) to 0.05 (model 3) (Table 2).  239 

Water consumption (Reference Category: daily) 240 

Adolescents attending a school selling mainly unhealthy foods were more likely to not drink water 241 
daily than those attending a school where few foods were available for sale (Table 3). In addition, 242 
adolescents from a school that did not aim to include fruit or vegetables at school events were more 243 
likely to drink water non-daily than those attending a school that did. The odds of non-daily water 244 
consumption were lower for adolescents attending school in Brussels compared to those attending 245 
school in Wallonia. The POORs of each of these variables supported homogeneous associations. 246 

Disparities related to the school SEI were homogeneously unfavourable to adolescents from a low and 247 
medium SEI school (Table 3). In addition, the odds of non-daily water consumption decreased with 248 
FAS and parental education level. Perceived financial wealth and parental working status were not 249 
associated with water consumption. The between-school variance, which was equal to 0.17 in model 1, 250 
was entirely explained by the individual- and school-level factors studied in our analyses (model 3, 251 
Table 3).  252 

Crisps and fries consumption (Reference Category: non-daily) 253 

Adolescents who reported perceived financial wealth as ȃquite well offȄ, ȃaverageȄ or ȃnot so/at all 254 
well offȄ were less likely to consume crisps and fries daily than those  hoȱreportedȱȃ�er¢ȱ ellȱoffȄ 255 
(Table 4). Compared with adolescents with both parents working, those with one or none of their 256 
parents working were more prone to consume crisps and fries daily. The odds of consuming crisps and 257 
fries daily was reduced as parental education level increased. FAS was not associated with crisps and 258 
fries consumption. In addition, the likelihood of eating crisps and fries daily increased as school SEI 259 
decreased. The POORs indicated homogenous associations (Table 4). 260 

Individual- and school-level factors explained 71.6% of the total between-school variance which 261 
decreased from 0.39 (model 1) to 0.11 (model 3) (Table 4). The VPC in model 1 indicated that 10.8% of 262 
the individual variation in the underlying propensity to eat crisps and fries daily is due to systematic 263 
differences between schools, i.e. unmeasured differences, while the remaining 89.2% is due to 264 
systematic differences between individuals. 265 

Sugar-sweetened beverage consumption (Reference Category: non-daily) 266 

Adolescents attending a school that did not address promotion or did not aim to include fruit or 267 
vegetables at school events were more likely to drink daily SSB than those in a school that did (Table 5). 268 
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However, the respective POORs indicate a heterogeneous association. Indeed, in around 30% of the 269 
cases, an adolescent attending a school that did not address promotion or did not aim to include fruit 270 
or vegetables at school events will be less likely to drink daily SSB than those in a school that did. In 271 
addition, disparities related to the school region were homogeneously unfavourable to adolescents 272 
attending a school in Wallonia compared with Brussels-Capital. 273 

The odds of drinking SSB daily was reduced as the school SEI increased (Table 5). The POORs indicated 274 
homogenous association. In addition, the likelihood to consume SSB daily was reduced as FAS category 275 
and parental education level increased. In contrast, compared with adolescents who reported perceived 276 
financialȱ ealthȱasȱȃ�er¢ȱ ellȱoffȄ, those  hoȱreportedȱȃquiteȱ ellȱoffȄǰȱȃa�erageȄȱorȱȃnotȱsoȦatȱallȱ ellȱ277 
offȄ were less likely to drink SSB daily. Parental working status was not associated with SSB 278 
consumption (Table 5).  279 

Three-quarters (76.9%) of the total between-school variance, which decreased from 0.34 (model 1) to 280 
0.08 (model 3), was explained by individual- and school-level factors. The VPC in model 1 indicated 281 
that 9.4% of the individual variation in the underlying propensity to drink SSB daily was due to 282 
systematic differences between schools (Table 5).  283 

Association between sociodemographic variables and food groups 284 

Overall, boys were more likely to have unhealthy dietary behaviour than girls (Tables 1-5). Older 285 
adolescents (15-16y, 17-20y) were more likely to have non-daily fruit consumption whereas younger 286 
(<14y) adolescents were more likely to consume crisps and fries, and SSB daily. Compared with 287 
adolescents living with both parents, those living in a blended family were more likely to report an 288 
unhealthy consumption of fruit and SSB, while those living in a single-parent family were more likely 289 
to report non-daily water consumption. The presence of siblings was not associated with any of these 290 
five food groups (Tables 1-5). 291 

Discussion 292 

Our study aimed to determine the variation in dietary habits of adolescents in Belgium that may be 293 
driven by individual and contextual socioeconomic characteristics. A significant school effect was 294 
highlighted for all food groups explored, except dairy products; however, it became non significant for 295 
fruit and water consumption. Three-quarters of the observed variance for all food groups was 296 
explained by variables at the individual and school level. AdolescentsȂ SES, school SEI, and to a lesser 297 
extent, school region explained the main variability. Overall, adolescents with a lower SES, based on 298 
FAS, perceived family wealth, parental education level or parental working status, were more likely to 299 
have unhealthy dietary behaviours. Similarly, adolescents attending a school with a low SEI were more 300 
prone to have unhealthy dietary behaviours. The other contextual variables were rarely associated with 301 
food groups except for beverages; water and SSB (health promotion, project to include fruits and 302 
vegetables and foods available for sale). Moreover, the inclusion of contextual variables in the 303 
multilevel analysis model did not fundamentally change the association between individual variables 304 
and food groups, indicating independent effects. 305 

Individual socioeconomic disparities were measured using four indicators which are interrelated but 306 
independently involved in dietary habits. Parental working status was used here as an indication of 307 
income, since two working parents are more likely to have a higher income than no working parents. 308 
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The FAS is a complementary indicator of socioeconomic status(28) that overcomes the difficulties of 309 
measuringȱadolescentsȂȱsocioeconomicȱstatusȱ ithȱcon�entionalȱmeasures(29). In contrast to these two 310 
indicators and the parental education level, the perceived family wealth is a subjective indicator. This 311 
subjective indicator may be a more accurate measure of the socioeconomic position(30) and may also 312 
reflect the relative position in the socioeconomic structure of the population. From a health perspective, 313 
a relative position may indeed play a more important role in SES disparities than absolute position (31). 314 
Furthermore, objective and subjective measures may be independently associated to health 315 
outcomes(32). Although subjective measures are less discussed in dietary studies, relative position may 316 
also be associated with diet(33). 317 

Our findings regarding FAS and parental educational disparities are in line with the literature(2,19,34). 318 
Higher educated and SES families tend to have a better grasp of the health promotion messages(4,35) and 319 
a prone interest towards healthy foods(36)ǯȱTheȱȃundeterminedȄȱcategor¢ȱfor the parental education level 320 
was too heterogeneous and lead to mixed results, nevertheless, it helped reduce the number of lost 321 
observations. Moreover, adolescents whose parents did not work were more likely to eat fruit but also 322 
crisps and fries daily. Considering that healthier patterns tend to be more expensive(5,36), it was expected 323 
that parental working status would systematically be negatively associated with unhealthy dietary 324 
behaviours. Thus, our results suggest that the working indicator used here also measures concepts 325 
complementary to income. Noteworthy, literature on parental income and dietary habits are 326 
inconsistent(2,37). Similarly, our results regarding the perceived family wealth were not consistent. 327 
Furthermore, for unhealthy foods, perceived family wealth disparities contrasted with disparities 328 
related to the other socioeconomic indicators, especially for SSB and crisps/fries. Given that perceived 329 
family wealth partly reflects ability to purchase resources(38), we assume that adolescents cannot 330 
financially purchase accessory foods like SSB or crisps. However, literature regarding perceived family 331 
wealth is scarce, thus limiting interpretation.  332 

In line with other studies(6Ȯ8), school SEI was associated with adolescent food consumption. 333 
Nonetheless, to date, more specific studies are needed to understand the mechanisms behind these 334 
disparities. Given that school SEI was based on individual characteristics of the school population, 335 
adolescents in a low SEI school are more likely to be socioeconomically disadvantaged, and therefore, 336 
to have less favourable dietary habits(2). This is further supported by the changes, albeit small (<10%), 337 
in the association between socioeconomic variables and food groups caused by the school SEI variable 338 
introduction in the models. However, it is worth noting that school SEI was associated with dietary 339 
behaviours independently of adolescent SES, in accordance with the literature(8), suggesting that 340 
independent mechanisms may be involved. In addition, a school classified as having a low SEI is likely 341 
to be located in a disadvantaged neighbourhood. No study on the food environment of neighbourhoods 342 
is available in Belgium, but it is expected to be different between disadvantaged and advantaged 343 
neighbourhoods(39), whether in availability or in accessibility. In contrast to other countries(40Ȯ42), 344 
disadvantaged schools in Belgium only receive support for teaching and not for nutrition-related 345 
programs. Implementing such programs, especially in disadvantaged schools, could have positive 346 
effects on dietary habits of adolescents(43,44). 347 

Healthier beverage consumption was observed among adolescents in schools including fruit and 348 
vegetables at school events, addressing health promotion in school missions, and selling limited foods. 349 
Of the schools that sold limited foods, none sold bottled water (data not shown), and therefore were 350 
supposed to make water available free of charge. In interventional settings, combining water provision 351 
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and the promotion of its consumption may result in healthier water consumption(13,14). It is worth noting 352 
that in our setting, almost half of the schools that did not sell bottled water addressed health promotion 353 
in their missions. However, the exact purpose of health promotion was not identified in our setting, 354 
preventing interpretation and comparison of results in this regard. Besides, a reverse causality cannot 355 
be ruled out with regard to the cross-sectional study design, with promotion and food projects 356 
implemented in schools where adolescents had already healthier dietary habits. 357 

Moreover, a lack of association was observed between promotion and projects, and fruit, vegetables 358 
and crisps and fries consumption. This may be due to promotion and projects being recent, although it 359 
cannot be verified with our questionnaire. Furthermore, the discrepancy between food availability and 360 
projects and promotion may reduce the effectiveness of the latter. Indeed, of the schools addressing 361 
promotion or having a food project, three-quarters sold unhealthy foods, a quarter of which sold mainly 362 
unhealthy foods (data not shown). Beyond these assumptions, our results emphasise that addressing 363 
health promotion in schools to improve dietary habits is not conclusive especially when they are not 364 
consistent with the food availability. 365 

In line with the literature(6,11), there was also a lack of association, for the groups mentioned above, 366 
between available types of food and consumption. Preliminary results with food items considered 367 
separately or as a score led to the same conclusion. However, the number of sale points is not known, 368 
while the number of vending machines may influence consumption(17,45). Furthermore, we assumed 369 
that, given the increasing independence of adolescents in secondary school, the food environment 370 
surrounding the school(46) may also partly explain the lack of association. 371 

Regional disparities revealed by our study may be due to population cultural differences, leading to 372 
variation in dietary habits(47,48). Indeed, 73.6% of adolescents attending schools in Brussels were 373 
immigrants compared to 31.8% of adolescents attending Walloon schools (data not shown). Cultural 374 
differences could also have an impact on the food environment of the two Belgian regions but has yet 375 
to be confirmed. Regional school authorities are free to use the allocated resources, resulting in different 376 
school contexts such as health-promotion projects. 377 

A major strength of this study was the province-based random sample along with the diversity of 378 
individual and contextual indicators available. The SES of adolescents was assessed using different but 379 
complementary(4,28) objective indicators adapted to adolescents, together with a subjective indicator that 380 
should be included more systematically in future studies(30). In addition, the socioeconomic external 381 
environment of adolescents was evaluated through the standardized school SEI. Although the cross-382 
sectional design of our study precludes causality conclusion, our results highlighted possible factors 383 
explaining a large part of the observed differences in food consumption between adolescents, and even 384 
all of them for water consumption. The main limitation of our study was the accuracy of the school-385 
level questionnaire, which was basedȱonȱgeneralȱstatementsȱfromȱtheȱschoolsȂȱstaffȱandȱ asȱnotȱbasedȱ386 
on independent observations. The broad scope of questions related to health-promotion might be prone 387 
to interpretation and a reason of the lack of association with some food consumption. Nevertheless, the 388 
school environment and the adolescent dietary habits were assessed at the same time. In addition, a 389 
short FFQ was used to assess food consumption instead of repeated 24-hour dietary recalls as 390 
recommended. It cannot be excluded that some contextual indicators may cause variations not only on 391 
frequencies but also in quantities(11) which is not sizeable with a FFQ. 392 
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Conclusion 393 

The variability in food consumption among adolescents being in different school socioeconomic 394 
backgrounds indicates that efforts must be made to improve their overall nutrition-related 395 
environment. Our findings suggest that the effectiveness of nutrition and health promotion projects 396 
may be considered inconclusive at first glance. Indeed, food availability within school was not always 397 
consistent with the nutrition-related projects and health promotion addressed in schools, which could 398 
help understand such a counterintuitive finding. Further research should also consider the school 399 
environment as a whole, including the food environment within and around the school, along with all 400 
the different specific projects and activities related to nutrition and health promotion. Finally, it would 401 
be beneficial for schools to have a two-pronged plan to both support the consumption of health-402 
promoting foods and discourage unhealthy foods. Last, support to schools, with a greater intensity for 403 
those defined as disadvantaged, is needed to develop a more consistent and effective nutrition policy 404 
in those settings. 405 
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Table 1. Multilevel logistic regressions* for fruit consumption (ref: daily consumption) (n= 6,017). 
2018 HBSC in French-speaking Belgium 

 Model 1 Model 2 Model 3 
  ORa (95% CI) P value ORa (95% CI) P value 
Individual-level variables      
   Gender (vs. Girls)   <0.001  <0.001 
     Boys  1.36 (1.22-1.52)  1.35 (1.21-1.50)  
   Age group (vs. <14 years old)   0.01  0.01 
     15-16 years old  1.19 (1.04-1.36)  1.20 (1.05-1.37)  
     17-20 years old  1.20 (1.05-1.37)  1.20 (1.05-1.37)  
   Family structure (vs. Two-parent family)   0.02  0.04 
     Blended family  1.23 (1.06-1.43)  1.20 (1.03-1.40)  
     Single-parent family  1.11 (0.97-1.27)  1.11 (0.97-1.27)  
   Siblings (vs.: Siblings)   0.22  0.24 
     Single child  1.14 (0.93-1.39)  1.13 (0.92-1.38)  
   Family Affluence Scale (vs. High)   0.004  0.01 
     Middle  1.24 (1.08-1.43)  1.21 (1.05-1.39)  
     Low  1.35 (1.11-1.64)  1.33 (1.09-1.62)  
   Perceived family wealth (vs. Very well off)   <0.001  <0.001 
     Quite well off  1.24 (1.05-1.48)  1.26 (1.06-1.50)  
     Average  1.51 (1.25-1.83)  1.53 (1.26-1.85)  
     Not so/at all well off  1.47 (1.15-1.87)  1.46 (1.14-1.86)  
   Parental working status (vs. Both working)   0.07  0.04 
     One working parent  0.92 (0.82-1.05)  0.91 (0.81-1.04)  
     No working parent  0.78 (0.63-0.97)  0.77 (0.62-0.95)  
   Parental education level (vs. Post-secondary)   0.004  0.02 
     Secondary or lower  1.23 (0.63-0.97)  1.20 (1.06-1.36)  
     Undetermined  1.16 (0.95-1.42)  1.12 (0.91-1.37)  
School-level variables      
   School Region (vs. Wallonia)     <0.001 
     Brussels-Capital    0.71 (0.61-0.83)   
     POOR (%)    3.7%  
   School socioeconomic status (vs. High)     0.005 
     Middle    1.23 (1.07-1.42)  
     POOR (%)    13.7%  
     Low    1.27 (1.07-1.52)  
     POOR (%)    10.1%  
      
Intercept  1.60 (1.48-1.72) 0.78 (0.59-1.03)  0.70 (0.49-0.99)  
      
Variance of random effects 0.07a 0.04a  0.02  
Corrected variance of random effects ȕ - 0.04a  0.02  
      
Measures of components of variance and heterogeneity      
   PCV Reference 39.6%  75.7%  
   VPC 0.022 0.014  0.005  
   MOR 1.30 1.23  1.14  

POOR, proportion of odds ratios in the opposite direction; PCV, proportional change of the corrected variance; VPC, variance partition coefficient; MOR, median odds ratio  
a Significant school effect  
* Model 1: school-specific random effects; model 2: model 1 adjusted on all individual-level variables; model 3: model 2 adjusted on school-level variables including the non-
significant ones: health promotion addressed in school; purpose of food project: to increase consumption of health-promoting foods, to limit consumption of unhealthy foods, to 
include fruits or vegetables at school events; foods available for sale at school   
ȕȱScale correction factor= 0.987 
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Table 2. Multilevel logistic regressions* for vegetable consumption (ref: daily consumption) (n= 6,017). 
2018 HBSC in French-speaking Belgium 

 Model 1 Model 2 Model 3 
  ORa (95% CI) P value ORa (95% CI) P value 
Individual-level variables      
   Gender (vs. Girls)   <0.001  <0.001 
     Boys  1.34 (1.20-1.49)  1.35 (1.22-1.51)  
   Age group (vs. <14 years old)   0.81  0.57 
     15-16 years old  0.96 (0.84-1.10)  0.95 (0.83-1.51)  
     17-20 years old  0.97 (0.84-1.11)  0.93 (0.82-1.07)  
   Family structure (vs. Two-parent family)   0.13  0.11 
     Blended family  0.90 (0.78-1.05)  0.90 (0.82-1.07)  
     Single-parent family  1.08 (0.95-1.23)  1.09 (0.95-1.24)  
   Siblings (vs.: Siblings)   0.50  0.46 
     Single child  1.07 (0.88-1.31)  1.08 (0.88-1.32)  
   Family Affluence Scale (vs. High)   <0.001  <0.001 
     Middle  1.40 (1.21-1.62)  1.36 (1.18-1.58)  
     Low  1.55 (1.27-1.88)  1.47 (1.20-1.78)  
   Perceived family wealth (vs. Very well off)   0.37  0.25 
     Quite well off  1.14 (0.95-1.37)  1.17 (0.97-1.40)  
     Average  1.19 (0.98-1.45)  1.22 (1.00-1.48)  
     Not so/at all well off  1.11 (0.87-1.42)  1.14 (0.89-1.45)  
   Parental working status (vs. Both working)   0.52  0.48 
     One working parent  1.06 (0.94-1.20)  1.03 (0.91-1.16)  
     No working parent  0.96 (0.78-1.18)  0.90 (0.73-1.11)  
   Parental education level (vs. Post-secondary)   <0.001  <0.001 
     Secondary or lower  1.47 (1.30-1.67)  1.42 (1.25-1.60)  
     Undetermined  1.64 (1.34-2.00)  1.59 (1.30-1.94)  
School-level variables      
   School socioeconomic status (vs. High)     <0.001 
     Middle    1.36 (1.16-1.60)  
     POOR (%)    15.9%  
     Low    1.77 (1.46-2.16)  
     POOR (%)    3.2%  
      
Intercept  0.84 (0.77-0.93) 0.42 (0.32-0.56)  0.30 (0.93-1.29)  
      
Variance of random effects 0.18a 0.10a  0.05a  
Corrected variance of random effects ȕ - 0.10a  0.05a  
      
Measures of components of variance and heterogeneity      
   PCV Reference 42.4%  73.9%  
   VPC 0.051 0.031  0.014  
   MOR 1.49 1.36  1.23  

POOR, proportion of odds ratios in the opposite direction; PCV, proportional change of the corrected variance; VPC, variance partition coefficient; MOR, median odds ratio  
a Significant school effect  
* Model 1: school-specific random effects; model 2: model 1 adjusted on all individual-level variables; model 3: model 2 adjusted on school-level variables including the non-
significant ones: school region, health promotion addressed in school; purpose of food project: to increase consumption of health-promoting foods, to limit consumption of unhealthy 
foods, to include fruits or vegetables at school events; foods available for sale at school  
ȕȱScale correction factor= 0.983 
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Table 3. Multilevel logistic regressions* for water consumption (ref: daily consumption) (n= 6,017). 
2018 HBSC in French-speaking Belgium 

 Model 1 Model 2 Model 3 
  ORa (95% CI) P value ORa (95% CI) P value 
Individual-level variables      
   Gender (vs. Girls)   0.001  0.002 
     Boys  1.29 (1.10-1.52)  1.29 (1.10-1.51)  
   Age group (vs. <14 years old)   0.68  0.58 
     15-16 years old  0.95 (0.78-1.16)  0.95 (0.78-1.16)  
     17-20 years old  0.92 (0.75-1.11)  0.90 (0.74-1.10)  
   Family structure (vs. Two-parent family)   0.03  0.03 
     Blended family  1.12 (0.90-1.40)  1.08 (0.87-1.35)  
     Single-parent family  1.28 (1.06-1.54)  1.28 (1.06-1.54)  
   Siblings (vs.: Siblings)   0.82  0.78 
     Single child  0.96 (0.71-1.30)  0.96 (0.71-1.29)  
   Family Affluence Scale (vs. High)   <0.001  0.001 
     Middle  1.47 (1.14-1.88)  1.44 (1.13-1.85)  
     Low  1.79 (1.33-2.41)  1.75 (1.30-2.37)  
   Perceived family wealth (vs. Very well off)   0.39  0.40 
     Quite well off  0.79 (0.61-1.03)  0.80 (0.61-1.04)  
     Average  0.83 (0.63-1.10)  0.83 (0.63-1.10)  
     Not so/at all well off  0.80 (0.57-1.13)  0.79 (0.56-1.12)  
   Parental working status (vs. Both working)   0.10  0.11 
     One working parent  1.18 (0.99-1.41)  1.17 (0.98-1.39)  
     No working parent  0.94 (0.70-1.26)  0.91 (0.68-1.23)  
   Parental education level (vs. Post-secondary)   <0.001  <0.001 
     Secondary or lower  1.81 (1.52-2.16)  1.74 (1.46-2.08)  
     Undetermined  1.52 (1.15-2.02)  1.45 (1.09-1.92)  
School-level variables      
   School Region (vs. Wallonia)     <0.001 
     Brussels-Capital    0.65 (0.52-0.81)  
     POOR (%)    0.00%  
   School socioeconomic status (vs. High)     0.005 
     Middle    1.36 (1.13-1.64)  
     POOR (%)    0.00%  
     Low    1.30 (1.03-1.64)  
     POOR (%)    0.00%  
   Project to include fruits or vegetables at school events (vs. Yes)    0.009 
     No    1.33 (1.08-1.65)  
     POOR (%)    0.00%  
   Foods available for sale at school (vs. Few foods)      0.01 
     Mainly unhealthy foods    1.24 (1.01-1.53)  
     POOR (%)    0.00%  
     Many foods    0.93 (0.77-1.13)  
     POOR (%)    0.00%  
      
Intercept  0.14 (0.13-0.16) 0.07 (0.05-0.10)  0.06 (0.04-0.10)  
      
Variance of random effects 0.17a 0.06a  0.00  
Corrected variance of random effects ȕ - 0.06a  0.00  
Measures of components of variance and heterogeneity     
   PCV Reference 65.9%  100%  
   VPC 0.050 0.019  0.000  
   MOR 1.49 1.27  1.00  

POOR, proportion of odds ratios in the opposite direction; PCV, proportional change of the corrected variance; VPC, variance partition coefficient; MOR, median odds ratio  
a Significant school effect  
* Model 1: school-specific random effects; model 2: model 1 adjusted on all individual-level variables; model 3: model 2 adjusted on school-level variables including the non-
significant ones: health promotion addressed in school; purpose of food project: to increase consumption of health-promoting foods, to limit consumption of unhealthy foods  
ȕȱScale correction factor= 0.976 
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Table 4. Multilevel logistic regressions for crisps and fries consumption (ref: non-daily consumption) (n= 6,017). 
2018 HBSC in French-speaking Belgium 

 Model 1 Model 2 Model 3 
  ORa (95% CI) P value ORa (95% CI) P value 
Individual-level variables      
   Gender (vs. Girls)   0.003  0.002 
     Boys  1.27 (1.09-1.48)  1.27 (1.09-1.47)  
   Age group (vs. <14 years old)   <0.001  <0.001 
     15-16 years old  0.66 (0.55-0.79)  0.65 (0.54-0.78)  
     17-20 years old  0.47 (0.39-0.57)  0.45 (0.37-0.55)  
   Family structure (vs. Two-parent family)   0.27  0.33 
     Blended family  1.08 (0.88-1.32)  1.08 (0.88-1.33)  
     Single-parent family  0.89 (0.74-1.08)  0.91 (0.75-1.09)  
   Siblings (vs.: Siblings)   0.36  0.34 
     Single child  1.14 (0.86-1.50)  1.14 (0.87-1.51)  
   Family Affluence Scale (vs. High)   0.09  0.26 
     Middle  1.07 (0.86-1.33)  1.02 (0.82-1.26)  
     Low  1.31 (0.99-1.71)  1.19 (0.91-1.56)  
   Perceived family wealth (vs. Very well off)   0.004  0.01 
     Quite well off  0.71 (0.52-0.97)  0.73 (0.58-0.92)  
     Average  0.62 (0.48-0.81)  0.65 (0.50-0.83)  
     Not so/at all well off  0.71 (0.52-0.97)  0.73 (0.54-1.01)  
   Parental working status (vs. Both working)   <0.001  <0.001 
     One working parent  1.56 (1.32-1.85)  1.50 (1.27-1.78)  
     No working parent  1.49 (1.14-1.95)  1.39 (1.06-1.81)  
   Parental education level (vs. Post-secondary)   <0.001  <0.001 
     Secondary or lower  1.43 (1.20-1.70)  1.35 (1.14-1.60)  
     Undetermined  1.79 (1.40-2.29)  1.73 (1.35-2.21)  
School-level variables      
   School socioeconomic status (vs. High)     <0.001 
     Middle    2.03 (1.58-2.59)  
     POOR (%)    7.7%  
     Low    2.97 (2.23-3.94)  
     POOR (%)    1.4%  
      
      
   Intercept  0.19 (0.16-0.21) 0.29 (0.19-0.46)  0.14 (0.08-0.24)  
      
   Variance of random effects 0.39a 0.29a  0.12a  
   Corrected variance of random effects ȕ - 0.27a  0.11a  
      
Measures of components of variance and heterogeneity      
   PCV Reference 32.3%  71.6%  
   VPC 0.108 0.082  0.036  
   MOR 1.82 1.68  1.40  

POOR, proportion of odds ratios in the opposite direction; PCV, proportional change of the corrected variance; VPC, variance partition coefficient; MOR, median odds ratio 
a Significant school effect  
* Model 1: school-specific random effects; model 2: model 1 adjusted on all individual-level variables; model 3: model 2 adjusted on school-level variables including the non-
significant ones: school region, health promotion addressed in school; purpose of food project: to increase consumption of health-promoting foods, to limit consumption of unhealthy 
foods, to include fruits or vegetables at school events; foods available for sale at school.   
ȕȱScale correction factor= 0.956 
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Table 5. Multilevel logistic regressions* for sugar-sweetened beverages consumption (ref: non-daily 
consumption) (n= 6,017). 
2018 HBSC in French-speaking Belgium 

 Model 1 Model 2 Model 3 
  ORa (95% CI) P value ORa (95% CI) P value 
Individual-level variables      
   Gender (vs. Girls)   <0.001  <0.001 
     Boys  1.30 (1.16-1.46)  1.29 (1.15-1.45)  
   Age group (vs. <14 years old)   0.005  0.003 
     15-16 years old  1.02 (0.88-1.17)  1.01 (0.88-1.16)  
     17-20 years old  0.83 (0.72-0.95)  0.82 (0.71-0.94)  
   Family structure (vs. Two-parent family)   0.02  0.03 
     Blended family  1.23 (1.06-1.44)  1.22 (1.05-1.42)  
     Single-parent family  1.10 (0.96-1.26)  1.11 (0.97-1.27)  
   Siblings (vs.: Siblings)   0.19  0.19 
     Single child  1.15 (0.93-1.41)  1.15 (0.93-1.41)  
   Family Affluence Scale (vs. High)   <0.001  0.002 
     Middle  1.29 (1.10-1.50)  1.26 (1.08-1.47)  
     Low  1.48 (1.20-1.82)  1.44 (1.17-1.77)  
   Perceived family wealth (vs. Very well off)   0.02  0.03 
     Quite well off  0.79 (0.68-0.95)  0.79 (0.66-0.96)  
     Average  0.73 (0.60-0.89)  0.74 (0.60-0.90)  
     Not so/at all well off  0.78 (0.61-1.00)  0.79 (0.61-1.01)  
   Parental working status (vs. Both working)   0.13  0.28 
     One working parent  1.12 (0.99-1.28)  1.10 (0.97-1.25)  
     No working parent  1.17 (0.95-1.46)  1.12 (0.90-1.39)  
   Parental education level (vs. Post-secondary)   <0.001  <0.001 
     Secondary or lower  1.51 (1.33-1.72)  1.46 (1.29-1.66)  
     Undetermined  1.50 (1.22-1.84)  1.45 (1.18-1.78)  
School-level variables      
   School Region (vs. Wallonia)     <0.001 
     Brussels-Capital    0.53 (0.43-0.66)  
     POOR (%)    5.8%  
   School socioeconomic status (vs. High)     <0.001 
     Middle    1.81 (1.50-2.18)  
     POOR (%)    7.2%  
     Low    2.37 (1.90-2.96)  
     POOR (%)    1.6%  
   Health promotion addressed in school (vs. Yes)     0.02 
     No    1.22 (1.03-1.44)  
     POOR (%)    31.4%  
   Project to include fruits or vegetables at school events (vs. 

Yes) 
    

0.04 
     No    1.24 (1.01-1.54)  
     POOR (%)    29.5%  
      
   Intercept  0.70 (0.62-0.79) 0.47 (0.37-0.59)  0.27 (0.17-0.42)  
   Variance of random effects 0.34a 0.24a  0.08a  
   Corrected variance of random effects ȕ - 0.24a  0.08a  
Measures of components of variance and heterogeneity      
   PCV Reference 30.9%  76.9%  
   VPC 0.094 0.069  0.024  
   MOR 1.75 1.60  1.31  

POOR, proportion of odds ratios in the opposite direction; PCV, proportional change of the corrected variance; VPC, variance partition coefficient; MOR, median odds ratio 
a Significant school effect  
* Model 1: school-specific random effects; model 2: model 1 adjusted on all individual-level variables; model 3: model 2 adjusted on school-level variables including the non-
significant ones: purpose of food project: to increase consumption of health-promoting foods, to limit consumption of unhealthy foods; foods available for sale at school 
ȕȱScale correction factor= 0.984 
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Fig. 1 Food frequency consumption of adolescents in secondary schools (n = 6,017).  
2018 HBSC in French-speaking Belgian schools 
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3. Additional analyses on the Brussels-Capital Region 

These additional analyses aimed to estimate the dietary disparities related to individual 

migration status and socioeconomic status, and related to the school socioeconomic context 

combined with the sociocultural context among adolescents in the Brussels-Capital Region. 

The data came from the 2018 French-speaking HBSC survey.  

In total, 1,603 adolescents from 29 Brussels schools were included in our analyses. The same 

methodology as the main analyses of this chapter, i.e. a succession of multilevel models for 

each food group, was followed (see section 2). Thus, six food groups categorised in daily and 

non-daily consumption were considered: fruit, vegetables, dairy products, water, crisps and 

fries, and SSB. The presentation of the results will be based mainly on the consumption of fruit 

(Table 12) and crisps and fries (Table 13); the results of the other food groups did not require 

to be further commented and are displayed in Appendix R. After estimating the effect of school 

for a given food group in a model 1, individual disparities related to the adolescent 

socioeconomic and migration status were assessed in a second model. The third model 

consisted of including contextual variables, i.e. the socioeconomic status of the school 

combined with the proportion of immigrants in the given school. By contrast with the previous 

paper, variables related to the food environment like the availability of food in the school were 

not included due to the small number of schools that responded fully to the school-level 

questionnaire (n= 24) and above all, to the lack of variability in the food environment of schools 

in Brussels-Capital. 

Consumption of fruit and crisps and fries significantly differed by school (Table 12 and Table 

13). In fact, individual- and contextual-level factors explained almost all of the between-school 

variance (89.7% for fruit (Table 12); 90.7% for crisps and fries (Table 13)). The main 

variability was explained by individual-level factors for crisps and fries consumption (51.6%), 

and by the contextual-level factor for fruit consumption (52.2%). Furthermore, the VPC 

indicated that of the residual variation in fruit and crisps and fries consumption that persisted 

after adjusting for individual and school characteristics, 0.3% and 2.0%, respectively, were due 

to systematic differences between schools, while the remaining 99.7% and 98.0% were due to 

unmeasured differences between adolescents. 

Only socioeconomic disparities related to the parental education level were observed in fruit 

consumption (Table 12), and to the parental working status for crisps and fries consumption 

(Table 13). The consumption of crisps and fries did not differ according to the migration status 
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of the adolescent in the Brussels-Capital Region (p= 0.86). Nevertheless, 1st-generation 

immigrants were less likely than natives to consume fruit on a non-daily basis 

(ORa= 0.64 (0.47-0.87)). Compared to adolescents from schools with a high socioeconomic 

level and a low proportion of immigrants, and independently of their individual characteristics, 

adolescents from schools with a medium socioeconomic level and proportion of immigrants 

(ORanon-daily fruit= 1.67 (1.19-2.35); ORadaily crisps&fries= 2.49 (1.37-4.52)), as well as those in 

schools with a low socioeconomic leYel UegaUdleVV of Whe immigUanWV¶ pUopoUWion (loZ oU 

middle proportion: ORanon-daily fruit= 1.47 (1.00-2.15) and ORadaily crisps&fries = 4.26 (2.34-7.76); 

high proportion: ORanon-daily fruit= 1.76 (1.24-2.50) and ORadaily crisps&fries= 3.42 (1.94-6.03)), 

were more likely to non-daily consume fruit but also more likely to daily eat crisps and fries. 

The respective POOR (<1.0%) supported homogenous associations. Furthermore, the MOR 

indicated that the magnitude of the effect of clustering was mainly smaller than that of the 

individual and school characteristics. 

With regards to the other food groups, both individual and contextual migration status were 

associated with daily SSB consumption (Table R-4 (Appendix R)) in a similar way to non-

daily fruit consumption. Vegetable consumption differed only by socioeconomic and 

sociocultural context (Table R-1), while water consumption differed only by individual 

socioeconomic status (Table R-3). Finally, no disparities related to individual and contextual 

socioeconomic and sociocultural position were found for dairy product consumption (Table 

R-2). 

Like for socioeconomic status, our results underline an independence between individual and 

contextual sociocultural variables in relation to dietary habits. Two main different situations of 

individual-contextual disparities were pointed out. On the one hand, individual and contextual 

migration components were inversely associated with daily fruit consumption. At equal 

socioeconomic levels (medium or low), the likelihood of not consuming fruit daily was higher 

for adolescents in schools with a medium or a high proportion of immigrants than for those in 

a low or low-medium proportion school, respectively. On the other hand, for crisps and fries 

consumption, while there was little difference by adolescent socioeconomic status and no 

association was observed for migration status, a strong association for their contextual 

counterparts was found.
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Table 12. Multilevel logistic regressions for fruit consumption (ref: daily consumption) (n=1,603). 2018 HBSC 

in French-speaking Belgium. 

 Model 1 Model 2 Model 3 
  ORa (95% CI) P value ORa (95% CI) P value 
Individual-level variables      
   Gender (vs. Girls)   0.01  0.01 
     Boys  1.31 (1.06-1.61)  1.31 (1.06-1.61)  
   Age group (vs. <14 years old)   0.40  0.72 
     15-16 years old  1.08 (0.83-1.40)  1.04 (0.81-1.35)  
     17-20 years old  1.19 (0.92-1.54)  1.11 (0.86-1.44)  
   Family structure (vs. Two-parent family)   0.10  0.07 
     Blended family  1.19 (0.85-1.67)  1.24 (0.88-1.75)  
     Single-parent family  1.30 (1.01-1.66)  1.32 (1.03-1.68)  
   Family Affluence Scale (vs. High)   0.26  0.43 
     Middle  1.13 (0.85-1.49)  1.08 (0.82-1.42)  
     Low  1.43 (0.93-2.19)  1.32 (0.86-2.01)  
   Perceived family wealth (vs. Very well off)   0.18  0.12 
     Quite well off  1.34 (0.97-1.85)  1.39 (1.00-1.92)  
     Average  1.51 (1.05-2.18)  1.57 (1.09-2.26)  
     Not so/at all well off  1.37 (0.84-2.23)  1.40 (0.87-2.28)  
   Parental working status (vs. Both working)   0.33  0.33 
     One working parent  1.16 (0.91-1.47)  1.13 (0.89-1.43)  
     No working parent  0.91 (0.61-1.35)  0.86 (0.58-1.28)  
   Parental level of education (vs. Post-secondary)   0.03  0.05 
     Secondary or lower  1.15 (0.89-1.48)  1.08 (0.84-1.40)  
     Undetermined  1.90 (1.18-3.06)  1.82 (1.13-2.95)  
   Migration Status (vs. Natives)   0.06  0.02 
     Second-generation immigrants  0.87 (0.67-1.13)  0.82 (0.63-1.07)  
     First-generation immigrants  0.69 (0.51-0.94)  0.64 (0.47-0.87)  
School-level variables      
   School socioeconomic index and proportion of 

immigrants (vs. high SEI, low MIG) 
    0.01 

     Medium SEI, low MIG    1.22 (0.83-1.81)  
     POOR (%)    8.4%  
     Medium SEI, middle MIG    1.67 (1.19-2.35)  
     POOR (%)    0.0%  
     Low SEI, low or middle MIG    1.47 (1.00-2.15)  
     POOR (%)    0.0%  
     Low SEI, high MIG    1.76 (1.24-2.50)  
     POOR (%)    0.0%  
      
   Intercept  1.26 (1.07-1.48) 0.63 (0.42-0.96)  0.53 (0.36-0.78)  
      
   Variance of random effects 0.10 0.06  0.01  
   Corrected variance of random effects� - 0.06  0.01  
      
Measures of components of variance and 
heterogeneity 

     

   PCV Reference 37.5%  89.7%  
   VPC 0.029 0.019  0.003  
   MOR 1.35 1.27  1.10  

POOR: proportion of odds ratios in the opposite direction; PCV: proportional change of the variance; VPC: variance partition coefficient; 
MOR: median odds ratio. Significant school effect in bold. Model 1: school-specific random effects; model 2: model 1 adjusted on 
individual-level variables; model 3: model 2 adjusted on school-level variables  
� Scale correction factor= 0.979982
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Table 13. Multilevel logistic regressions for crisps and fries consumption (ref: non-daily consumption) (n= 1,603). 

2018 HBSC in French-speaking Belgium. 

 Model 1 Model 2 Model 3 
  ORa (95% CI) P value ORa (95% CI) P value 
Individual-level variables      
   Gender (vs. Girls)   0.37  0.34 
     Boys  1.15 (0.84-1.57)  1.16 (0.85-1.58)  
   Age group (vs. <14 years old)   0.01  0.02 
     15-16 years old  0.74 (0.50-1.09)  0.70 (0.47-1.03)  
     17-20 years old  0.56 (0.37-1.09)  0.49 (0.33-0.73)  
   Family structure (vs. Two-parent family)   0.28  0.30 
     Blended family  1.03 (0.61-1.74)  1.06 (0.63-1.78)  
     Single-parent family  0.74 (0.51-1.09)  0.76 (0.52-1.10)  
   Family Affluence Scale (vs. High)   0.29  0.61 
     Middle  1.48 (0.90-2.44)  1.28 (0.78-2.11)  
     Low  1.57 (0.82-2.99)  1.32 (0.70-2.49)  
   Perceived family wealth (vs. Very well off)   0.12  0.23 
     Quite well off  0.57 (0.36-0.92)  0.62 (0.38-0.99)  
     Average  0.57 (0.34-0.96)  0.62 (0.37-1.05)  
     Not so/at all well off  0.66 (0.34-1.27)  0.71 (0.37-1.36)  
   Parental working status (vs. Both working)   <0.001  <0.001 
     One working parent  1.93 (1.36-2.76)  1.87 (1.32-2.67)  
     No working parent  2.47 (1.49-4.10)  2.37 (1.44-3.91)  
   Parental level of education (vs. Post-secondary)   0.04  0.17 
     Secondary or lower  1.60 (1.11-2.29)  1.41 (0.99-2.02)  
     Undetermined  1.27 (0.68-2.35)  1.20 (0.65-2.23)  
   Migration Status (vs. Natives)   0.84  0.86 
     Second-generation immigrants  0.96 (0.62-1.49)  0.90 (0.58-1.40)  
     First-generation immigrants  1.08 (0.66-1.76)  0.97 (0.60-1.60)  
School-level variables      
   School socioeconomic index and proportion of 

immigrants (vs. high SEI, low MIG) 
    <0.001 

     Medium SEI, low MIG    1.37 (0.64-2.96)  
     POOR (%)    19.2%  
     Medium SEI, middle MIG    2.49 (1.37-4.52)  
     POOR (%)    0.6%  
     Low SEI, low or middle MIG    4.26 (2.34-7.76)  
     POOR (%)    0.0%  
     Low SEI, high MIG    3.42 (1.94-6.03)  
     POOR (%)    0.0%  
      
   Intercept  0.17 (0.12-0.24) 0.15 (0.07-0.30)  0.09 (0.04-0.16)  
      
   Variance of random effects 0.66 0.35  0.07  
   Corrected variance of random effects� - 0.32  0.06  
      
Measures of components of variance and 
heterogeneity 

     

   PCV Reference 51.6%  90.7%  
   VPC 0.168 0.095  0.020  
   MOR 2.17 1.75  1.28  

POOR: proportion of odds ratios in the opposite direction; PCV: proportional change of the variance; VPC: variance partition coefficient; 
MOR: median odds ratio. Significant school effect in bold. Model 1: school-specific random effects; model 2: model 1 adjusted on 
individual-level variables; model 3: model 2 adjusted on school-level variables  
� Scale correction factor= 0.961681 
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4. Conclusion 

This chapter aimed to estimate individual and contextual disparities in the dietary habits of 

adolescents. Two sub-objectives have been addressed and filled the gap on this issue albeit 

further studies are still needed to strengthen our conclusions. 

First of all, our results in French-speaking schools highlighted that dietary habits differed 

between adolescents from different schools, except for dairy products. Greater variability was 

observed for unhealthy foods like crisps and fries than for healthy foods, such as fruit. For all 

food groups, a very large part of the observed variability was explained by individual and 

contextual factors, especially socioeconomic in FWB, and sociocultural and socioeconomic in 

Brussels-Capital. As a result, the differences in food consumption between the schools in FWB 

were hardly or not at all explained by the nutrition-related environment based on the indicators 

we collected through the school questionnaire. 

In fact, while the intervention studies drew robust conclusions about the effectiveness of 

supportive food environments or food-related actions,197 the results in ³real life´ settings are 

less conclusive.111 Our results also pointed to an effectiveness of food-related projects that may 

be considered inconclusive at first glance. Our counterintuitive findings could be explained by 

an inconsistency between such announced projects and the availability of food in schools. In 

addition, a measurement bias related to the school questionnaire may also be a factor in our 

conclusion (see Chapter VI, section 2.1.2). More importantly, the ineffectiveness can result 

from a reverse causality due to the cross-sectional nature of the survey. This apparent 

ineffectiveness should therefore be confirmed by also taking into account all the different 

projects actually implemented in the schools, but also the environment as a whole, i.e. within 

and around the school. 

In line with the literature,99,111,196 our findings underlined that adolescents with a low 

socioeconomic status or from a low socioeconomic status school were more likely to have 

unhealthier dietary habits than those with a high socioeconomic status or in a high 

socioeconomic school. The socioeconomic status of the school was associated with dietary 

habits independently of the adolescent socioeconomic status, suggesting that different 

mechanisms are involved. These results, based on four individual indicators that are 

interrelated but independently involved in dietary habits, reinforce the conclusion of 

independence that was already highlighted in the literature but to a limited extent. Indeed, the 

few studies that have addressed both individual and contextual socioeconomic status were 
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limited to one or two indicators at the individual level, such as material wealth,111 and therefore 

to a limited aspect of the socioeconomic status. Since our contextual socioeconomic indicator 

was based on individual population characteristics, further analysis deserves to be carried out 

with an indicator based on contextual characteristics (see Chapter I, section 1.2.3.1). In this 

respect, it will be easier to determine whether the association between the socioeconomic 

context and the dietary habits of adolescents is related to the socioeconomic characteristics of 

the school or to the socioeconomic characteristics of the people attending that school,64 and 

thus to better understand the mechanisms involved. 

As with socioeconomic status, our results highlighted that in Brussels-Capital, migration status 

was associated with adolescent dietary habits independently of the similar contextual 

component, i.e. the proportion of immigrants in the school. Two main different relationships 

were highlighted for the individual-contextual pair. On the one hand, individual and contextual 

migration status were observed to be inversely associated with dietary habits. On the other 

hand, still in the Brussels-Capital Region, a lack of individual socioeconomic and sociocultural 

disparities was observed, while a strong association of the socioeconomic and cultural context 

with dietary habits was highlighted. As far as we know, this is the first time that the 

sociocultural individual position and context have been studied simultaneously in relation to 

dietary habits of adolescents. Therefore, it is complex to put forward hypotheses to explain 

such contrasting results. Nevertheless, our findings pointed out the need to study the 

sociocultural environment more systematically when investigating dietary disparities. 

Finally, nutrition-related projects seem ineffective, but they might be inconsistent with the real 

food environment. Thus, support to schools, with a greater intensity for those defined as 

disadvantaged, is needed to develop a more consistent and effective nutrition policy. Moreover, 

socioeconomic and sociocultural factors are associated with adolescents' dietary habits 

independently of the corresponding indicators at the contextual level. In addition, the context 

may have, in some situations, a more important role on diet than individual factors. Therefore, 

public health actions should consider including a component related to the socioeconomic and 

sociocultural environment in order to tackle social disparities in dietary habits more effectively. 
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CHAPTER VI. GENERAL DISCUSSION 

္ 

1. Summary of results 

This doctoral thesis aimed at investigating the socioeconomic and sociocultural disparities in 

adoleVcenWV¶ dieWaU\ habiWV through diverse but complementary approaches. In the first part, 

we have shown that food consumption frequencies among adolescents gradually increased, for 

both healthy and unhealthy foods, from natives to 1st-generation immigrants, with 2nd-

generation immigrants in between.157 This migration gradient suggests a process of 

acculturation across generations of immigrants, in line with the literature.114,174 In the course 

of acculturation, immigrants are likely to gradually change their dietary habits to make them 

boWh moUe and leVV healWh\, WhXV conWUadicWing Whe ³beVW of boWh ZoUldV´ h\poWheViV.75 However, 

based on analyses focusing on Brussels-Capital, we could not demonstrate that dietary habits 

of 1st-generation immigrants greatly differed by their proportion of time spent in the host 

country.85 

Furthermore, we observed that migration status did modify the association between 

socioeconomic characteristics and dietary habits. In this respect, compared with natives, 

narrower socioeconomic disparities were observed in 2nd-generation and even more so in 1st-

generation immigrants. In addition, the socioeconomic profiles of immigrants were as diverse 

as those of natives. Although the profile of immigrants was generally less favourable, the 

difference with that of natives was limited in magnitude. Altogether, such findings led us to 

hypothesize that dietary habits of immigrants were more determined by their culture than by 

their socioeconomic conditions.  

The socioeconomic disparities observed mainly among natives, and to a lesser extent among 

2nd-generation immigrants, were in line with the literature. Adolescents with higher FAS and 

living in two-parent families had more favourable dietary habits than their 

counterparts.99,116,179,180,201 Regarding parental working status-related disparities, results were 

mixed, suggesting that our indicator, unfrequently used in the literature, could reflect both 

income and time available for everyday life. Finally, compared to Flanders, the dietary habits 

were sometimes more favourable for the Brussels-Capital Region and sometimes more 

unfavourable there, which could be due among others, to the different exposures to public 

health action within the Belgian population. 
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In the second part of this work, in Belgium202 as well as in Brussels-Capital, overall, a trend 

towards increasing disparities was observed when dietary habits improved, and towards 

decreasing disparities when dietary habits deteriorated. The evolution of disparities related to 

family structure can be attributed to the more or less rapid adoption of dietary recommendations 

and to the evolution of the financial means of certain families. The most likely reasons for the 

changes in regional disparities would be that federal actions have culturally different impacts 

on the population194 and actions implemented at a regional level would be more or less active 

and effective. Finally, the trend in disparities related to migration status in Brussels-Capital 

may be explained by the increase in the cultural diversifcation of food supply. 

For the first time documented in such a long period of time, this trend of increasing disparities 

when dietary habits improved and decreasing disparities when dietary habits worsened 

highlights that Belgian public health actions may have, thus far, failed to both improve dietary 

habits and tackle social disparities, maybe due in part to a counterproductive environment. 

Such findings underline the increased need for public actions to incorporate the concept of 

proportionate universalism, which will be deepened below.  

The third section of this thesis revealed that a significant part of the observed differences 

between schools were explained by the socioeconomic or sociocultural components but not by 

the nutrition-related school environment. The documented inconsistency between the nutrition-

related projects and the availability of food in schools might be a reason why the nutritional 

environment appeared aV ³ineffective´. Although interaction with the environment outside the 

school cannot be excluded, it is crucial that schools develop a fully consistent nutrition policy. 

Moreover, since a cross-sectional scheme was used, reverse causality cannot be excluded 

either. 

The socioeconomic and sociocultural environments were found to be associated with 

adoleVcenWV¶ dietary habits, independently of the corresponding individual characteristics. As 

with the individual level, adolescents in low socioeconomic schools were more likely to have 

unhealthy dietary habits than those attending a more favourable setting. In contrast, individual 

migration status, and the corresponding school characteristic, were strongly or differently 

aVVociaWed ZiWh adoleVcenWV¶ dieWaU\ habiWV in BUXVVelV-Capital Region. For some food groups, 

there was no or only a weak association with the individual level, while a strong association 

was observed with the contextual level. For others, individual and contextual migration status 

were observed to be associated with dietary habits with opposite directions. While these 
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findings remain to be better understood, they highlight the importance of the environment in 

which adolescents evolve in addition to their individual characteristics in their dietary 

behaviours. 

Our results largely inform the theoretical concept that health and dietary habits are determined 

by a set of different level factors that influence each other between and within levels (Figure 

10).203 Key information was identified to support the implementation of public health actions 

that would lead to reduce social disparities. In this respect, such actions should be anchored in 

the concept of proportionate universalism and be comprehensive by integrating both individual 

and contextual sociocultural and socioeconomic components. 

 

Figure 10. Map of dietary habits and their determinants based on the analysis of the Health Behaviour in School-

aged Children surveys in Belgium. Source: adapted from "Carte de la santé et de ses déterminants" of the National 

Institute of Public Health of Québec, 2012). 
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2. Methodological considerations 

Altogether, our results have to be interpreted critically, bearing in mind the methodological 

issues specific to the survey and the statistical analyses. Some of these aspects have already 

been discussed in the three respective chapters of results. In this section, we are focusing on 

those that are most relevant to the survey as a whole. Schematically, we are addressing the 

biases that can be induced by the sampling, data collection relating to indicators and the diet 

description, and statistical analyses. These methodological considerations also help estimate 

the extent to which our results can be extended to our national context but also to the 

international context. 

2.1. Internal validity 

2.1.1. Selection bias 

As the HBSC survey is not an exhaustive assessment, the study population may differ from the 

source population. In such a case, the sampling scheme, the participation rates and the 

exclusion of participants due to missing values for instance may have introduced a selection 

bias.  

To limit the bias from the outset, a stratified random sampling was applied, i.e. adolescents 

from randomly selected schools and classes in the strata were invited to participate in the 

survey. These strata were defined in such a way that the intra-stratum variability in individual 

characteristics and health behaviours was as low as possible, and the inter-stratum variability 

as high as possible, in order to improve the representativeness and the precision of the 

estimates. However, creating these strata is challenging, as individual characteristics of 

adolescents attending schools are not available for sampling; therefore, the definition is based 

on one140 or several144 contextual characteristics, such as school networks and provinces. 

Thanks to the sustainability of the HBSC survey repeated at regular intervals, the strata could 

be readjusted over the rounds to improve the representativeness of the target population, by 

examining the sources of variability in previous surveys. Consequently, the definition of strata 

has changed over the survey years and regions (see Chapter II, section 1.2). In view of the 

similar variability in the socioeconomic characteristics across the samples, but especially in the 

change in family structure and migration status that follows the evolution of Belgian society 

(Table 9 and Table J-1), we assume that the selection bias induced by the sampling procedure 

was weak. 
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The varying participation rates of schools and adolescents depending on their characteristics 

may also contribute to the selection bias. Indeed, in the HBSC surveys conducted in Belgium, 

the school participation rate is relatively low (at the highest 55%, see Chapter II, section 1.2). 

At-random refusal of schools has minimal effect on the baseline sampling bias, but systematic 

refusal is problematic and might undermine validity. Several techniques were used to limit the 

consequences of such refusals. These included: oversampling certain strata based on the 

participation rate of previous survey years; conducting a second wave as in 2018; or inviting 

substitute schools from the same stratum like in 2014. 

In contrast to schools, the participation rate of adolescents has been very high so far (around 

95%), thanks in particular to the fact that the data collection was conducted during school 

hours. The passive consent favoured for HBSC surveys allows for a higher participation rate204 

(which would require a written response from parents about their adoleVcenW¶V participation). 

Therefore, no additional bias should have been introduced at this level. Nevertheless, some 

immigrants may have been systematically excluded because they did not speak the survey 

language well enough, either because they recently arrived or because they were far away in 

the process of acculturation. However, the inclusion of these immigrants would certainly have 

reinforced rather than weakened our conclusions about the migration gradient. 

Finally, the partial non-response of adolescents may be another source of selection bias. 

Nevertheless, the partial non-response was generally relatively limited. In addition, unlike 

adults,58,205 the partial non-response of adolescents for their socioeconomic position would be 

non-differential. Therefore, the selection bias generated by the partial non-response rate should 

be minimal. This was indeed confirmed by comparisons of included vs. non-included 

adolescents due to missing data in analyses (Table H-1). Overall, partial non-response is more 

responsible for weaker associations than for spurious associations. Exploratory analyses 

showed that adolescents with partial non-response for the food frequency questionnaire 

differed from adolescents with no missing data for the 2018 survey. In fact, they were more 

often young, living in a particular family configuration, such as a foster, or also had missing 

data for socioeconomic variables like the FAS. This is why specific weighting was computed 

for the use of the sFFQ. 

Partial non-response and all of the above issues were taken into account in weighting factors 

since the 2018 survey. These factors ensure that the estimates are likely to be representative of 

the source population despite the refusal of schools and adolescents to participate and the 
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partial non-response of adolescents. However, they cannot be reliably included in more 

advanced statistical analyses, such as multilevel analyses. The objective of our analyses led us 

to favour statistical analyses over sampling issues. Interestingly, one-level preliminary analyses 

considering weighting factors showed that the results differed only very slightly from more 

extensive analyses without weighting factors (data not shown). 

In conclusion, all of these points suggest good internal validity with respect to sampling issues; 

therefore, we can extrapolate our results from the sampled population to the source population, 

with a good degree of confidence. However, caution should be taken when extending our 

results beyond the source population, for example to adolescents in Belgium. Adolescents from 

the German-speaking community, as well as out-of-school adolescents and those who are in 

special education, were not included in the surveys. Though in a limited number, these 

adolescents may greatly differ in terms of cultural-related behaviours for the German 

adolescents but also in terms of dietary habits. Hence, our overall estimates are unbiased 

regarding the adolescents schooled in the mainstream networks. 

2.1.2. Information bias 

Questions related to the adolescent's social position or school environment and the methods 

used to describe the diet might have induced information biases. Such biases are likely to be 

even greater when questions are not adapted to the study population. 

Most of the HBSC indicators of social position are adequate to the adolescent population and 

therefore of great value for the study of dietary disparities among adolescents. These include 

the FAS, the perceived family wealth or the parental working status (see Chapter I, section 

1.2.3.1).3,66 However, finding suitable indicators for this population is still sometimes complex. 

For instance, the parental education indicator may have induced a measurement bias but that 

should be non-differential (see section 2.1.1). Besides, the high consistency with literature of 

our results regarding individual social disparities, including parental education level, suggest 

that the indicators used here did not constitute a source of measurement bias that would have 

resulted in a false estimate of associations for instance. 

Furthermore, some of the questions in the school-level questionnaire seem to have been unclear 

and may have induced a significant and differential measurement bias. For example, almost 

20% of the schools reported that adolescents did not have free access (³accqV libUemenW´) to a 

place to buy food in the school, but reported that they could buy at least one product in the 

school. If the term 'free access' has induced a different understanding between schools while 
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they did sell food, a differential measurement bias might be expected. In fact, the baseline idea 

was that schools that did not provide free access could not declare selling food. In addition, 

almost 15% of the schools declared that they had a specific food project after reporting that 

there was no food project developed this school year. Another measurement bias may have 

been induced, since the question on the type of food project did not specify that it was the 

project developed this year. Therefore, the differential misunderstanding of the questions for 

schools on the food environment may have led to an over- or underestimation of associations. 

Finally, the sFFQ used in the HBSC surveys can also be a source of an information bias. First, 

according to the validation studies,149,150 this tool is likely to induce a measurement bias, with 

an overestimation of certain foods like diet drinks149 and an underestimation of some others, 

such as crisps.150 However, the sFFQ used in HBSC surveys has a sufficient reliability and 

validity to rank « subjects according to consumption of the individual food items ».149 Thus, 

although the raw results on dietary habits should be interpreted with caution, we assumed that 

the impact on dietary disparities¶ findingV is minimal. Indeed, the conclusions regarding dietary 

habits using the FCS database (based on two 24-hour recalls)110 are similar to ours. 

While the investigator bias is avoided, the sFFQ is considered as a source of a significant 

cognitive bias. Adolescents are not only asked to convert their consumption over a long period 

of time into a usual consumption per week, but also to think in terms of rough food groups and 

not specific foods for most of the proposed list. This effort may lead to a higher non-response 

rate or to an over- or underestimation of certain food groups.120 Moreover, a social desirability 

bias is probable when using a sFFQ as previously mentioned. Unlike with other methods such 

as the FFQ and 24HR, it is very complex to detect. Thus, adolescents may tend to report their 

consumption to be closer to the dietary recommendations they know. This bias is likely to be 

differential, with a greater likelihood of social desirability among adolescents of higher 

socioeconomic status.206 Therefore, differences between social groups may have been 

overestimated in our study with this regard. 

2.1.3. Confounding 

The objective of our analyses was to investigate socioeconomic and sociocultural disparities in 

adolescents' dietary habits. The purpose of constructing multivariate models of social 

determinants was to consider that each of the social characteristics could intervene in the 

relationship between the other characteristics and dietary habits. Thus, a weaker association 

between one indicator and dietary habits due to another indicator introduction, primarily 
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reflected the interrelationship between these two indicators. The observed variation cannot be 

attributed to confounding by this third indicator, because of the distal relationship between 

social indicators and dietary habits (see Chapter I, section 2.3.2). 

Other factors involved in the relationship between social determinants and dietary habits could 

have been taken into consideration, such as beliefs, representations, food preference, emotions 

or even physical activity and body mass index when they are relevant to dietary behaviours. 

Nevertheless, considering them would have entailed a risk of over-adjusting135 and a difficulty 

in interpretation, as they often are intermediate in the relationship between social position and 

dietary habits. Hence, the association estimated will not be more accurate. Nevertheless, such 

factors could be considered in further types of analysis in order to better understand related 

mechanisms, but this would be outside the current scope of this doctoral thesis. 

2.2. External validity 

In addition to a good internal validity, good external validity of our results is expected. The use 

of social position indicators that are not specific to the Belgian context allows us to extend our 

conclusions to other European countries whose social context does not differ excessively. For 

instance, results regarding migration status, based on whether or not one was born abroad, can 

be more easily transposed to the international level than those based on ethnicity, the ethnic 

group being very country- or region- specific. Since our results suggest a process of 

acculturation, we assume that even if the origin of immigrants is very different between 

countries, the conclusions related to the migration status should be mostly similar. Furthermore, 

the relative nature of some indicators, such as the FAS purposely developed for different social 

contexts66 and perceived family wealth, should not be a source of limitation to extrapolate our 

results. By contrast, the regional indicator, which is by definition specific to the Belgian 

context, cannot be used to extend our results as such. However, the overall regional disparities 

can be extrapolated to countries with health promotion entities or linguistic divisions, like 

Switzerland.181 
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3. Research perspectives 

Our results, which partially fill the gap in the literature on social disparities regarding the 

dietary habits of adolescents, lead to several reflections. First, the differences in food 

consumption and socioeconomic disparities between immigrants and natives raise the question 

of the mechanisms behind these differences. In this respect, non- or semi-structured qualitative 

interviews should be conducted among natives and immigrants, the latter possibly divided into 

several groups according to generation and country of birth. These interviews, addressing 

among others, the barriers to access to a healthy diet and the place of cultural norms, would 

allow a better understanding of the observed differences between natives and immigrants. 

In addition to social disparities, the dietary habits of adolescents were subject to significant 

environmental disparities. Although the dietary habits are acquired during adolescence93 and 

are likely to track into adulthood,92,95 these behaviours may change with early adulthood.110 In 

fact, this period brings with it major changes in social conditions (first jobs, budget, etc.) and 

in the social and food environment (by leaving the family home), which may have 

consequences for diet. Cohorts such as the Dutch Lifelines cohort207 make it possible to study 

diet and social conditions at several points in time, from childhood to old age. Combined with 

other databases like GECCO,208 the social and dietary environment and its evolution over time 

can be estimated. Such data would make it possible to determine whether changes in dietary 

behaviours between adolescence and early adulthood are driven primarily by changes in social 

conditions or by changes in the environment. 

Moreover, we mentioned that the apparent ineffectiveness of promotion projects in school 

could be explained by reverse causality. In order to confirm this hypothesis, a longitudinal 

design study in which diet, disparities and the exact set of projects are evaluated at several 

points has to be carried out. The hypothesis of the contradiction between school-based 

promotion projects and the school food environment was also raised to explain the apparent 

ineffectiveness. In this respect, interventions evaluated over the long term and at several points 

in time might be carried out. For example, limiting the sale of SSB, providing free fresh and 

drinking water points and containers like glasses or water bottles, combined with water 

promotion that considers access barriers is an example of an intervention. The multi-point 

evaluation should address changes in dietary habits and social disparities through a 

questionnaire for adolescents, but also implementation difficulties, sustainability, and barriers 
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to effectiveness through qualitative interviews with school¶ VWaffV. All these findings will guide 

schools in their health promotion projects. 

Finally, both the promotional environment and the food environment in the school raised the 

issue of the food environment around the school as an important contributor to disparities 

between adolescents in different schools. This last reflection, being more directly operational 

through the HBSC survey, is developed here. As mentioned several times before, the food 

environment could contribute both to the dietary habits of adolescents and to social disparities 

in their dietary habits. The aim of this research perspective would therefore be to estimate 

individual and contextual social disparities in the dietary habits of adolescents, while 

taking into account the nutritional environment around and within the school. The 

objective of this study would require the use of two databases: (i) the 2022 HBSC survey 

database; (ii) the ³Crossroad Banks for Enterprise´ (CBE) database.209 

First, the next HBSC will undergo significant changes that will improve the validity of these 

future analyses, including the way the questionnaire is administered and the school-level 

questionnaire. The sampling process could be improved by including the Flemish schools in 

the Brussels-Capital Region, which is still under discussion at this stage of the survey 

preparation. This inclusion would provide an overview of that region and of the population in 

mainstream education in Brussels-Capital. 

The mode of the next HBSC survey administration will change from paper to computer. One 

of the main advantages of computer-based questionnaire is the use of filters and consistency 

controls. As a result, the number of inconsistent responses and the length of the questionnaire 

completion will greatly be reduced, and a lower rate of partial non-response is expected.210  

The school-level questionnaire will significantly be revised and improved. In addition to 

improved question wording, new and more informed questions are under consideration. These 

include the set of questions that help to assess Health Promoting Schools (HPS), which are 

described as ³holistic, whole-school approach in which a broad health education curriculum 

is supported by the environment and ethos of the school´.211 Compared to a specific measure, 

a holistic intervention approach to school health promotion212 would be more promising to 

improve health behaviours such as dietary habits,213 as it goes beyond individual behaviour by 

including the social and physical environment. Therefore, being an HPS could have a more 

important effect on dietary habits and related disparities than school having only implemented 

a limited action like including fruit and vegetable during school events. Lastly, although not 
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proposed by the network, a question on free access to water and other healthy foods will be 

added, since free access could improve their consumption.197 

The food environment around school can be determined using the CBE database,209 developed 

by the Belgian Federal Public Service Economy. This database contains all enterprises in 

Belgium as well as information on the type of enterprise, its activities and its address. Through 

the NACEBEL code (³Statistical Classification of Economic Activities in the European 

Community´ for Belgium), placeV pUoYiding foodV (e.g. ³UeVWUicWed UeVWaXUanWV´, 

supermarkets)209 can be identified and linked to schools through geocoding. 

Since the purpose of these analyses partly would be to estimate the role of the food environment 

around the school, no change would be made to the selection of the variables used to determine 

the dietary habits (fruit, vegetables, water, crisps and fries, SSB), the social position (migration 

status, FAS, perceived family wealth, parental education level and working status) and the 

social environment (school socioeconomic status and proportion of immigrants in school). 

The food environment within school will be determined with the foods available for free and 

for sale at school whereas the food environment around school with the distribution of 

supermarkets, restaurants (including fast-food) and other similar places within 400m of the 

school, a standard for walkability.214 Finally, the HPS tool will help determine the health 

promotion environment at school. 

The same analysis strategy would be chosen as for Chapter V. Thus, a succession of multilevel 

models would be carried out, each including a supplemenWaU\ aVpecW of Whe adoleVcenW¶V life 

that may be relevant to their dietary habits. Each model would meet several specific objectives 

(Table 14). 

These analyses will therefore make it possible to estimate more precisely and more validly the 

effect of a set of a priori determining characteristics on the dietary habits of adolescents. 

Multilevel models will help determine the intensity with which actions, addressing one or more 

of the elements behind the disparities, should be taken. For example, if the effect of health 

promotion actions ³disappears´ as a result of an unfavourable food environment, actions should 

not focus primarily on the promoting environment but on the food environment, for example 

by regulating vending machines. Our results should thus point to ways of understanding the 

disparities. These avenues can be used to define and guide future surveys, such as qualitative 

surveys. In this respect, a better understanding of the mechanisms behind disparities is 

expected. 



183 
 

Regarding the HBSC survey itself, although the sFFQ has several limitations (see Chapter I, 

section 2.2.2), it remains the most appropriate tool for the HBSC survey and will not be 

replaced in the near future. In addition, by keeping mandatory items and the same answer 

modalities, it is possible to study the evolution of dietary behaviours of adolescents in the 

HBSC countries. It should also be noted that a data management centre (DMC, University of 

Bergen) has been implemented within the HBSC network. Along with guidelines for data 

management (missing, inconsistencies«), the DMC provides support to the network teams and 

has developed e-learning on statistical methods adapted to the HBSC data, such as multilevel 

modelling or trend analysis. Since sampling plan may differ across countries (while sharing the 

same objective, sampling units may differ), a standard statistical plan has not been developed. 

However, workshops are regularly organised to discuss problematic but not uncommon 

situations with HBSC data, such as how to reliably account for the study design in complex 

multilevel models.
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Table 14. Description of the successive models and their specific objectives 

 Model 1 Model 2 Model 3 Model 4 Model 5 

Variables - Social position Model 2 + social 

environment 

 

Model 3 + HPS Model 4 + Food 

environment within and 

around school  

      

Aim To estimate the differences 

between schools 

To estimate the disparities 

related to the social position 

 

 

To estimate the differences 

between schools that are 

attributable to the social 

position 

To estimate the social 

environment-related 

disparities 

 

To estimate the effect of the 

social environment on the 

individual disparities 

 

 

 

To estimate the differences 

between schools that are 

attributable to the social 

environment 

To determine the effects to 

being an HPS on dietary 

habits 

 

To estimate the effect of 

being an HPS on social 

position and environment 

 

 

 

To estimate the differences 

between schools that are 

attributable to HPS 

To estimate the food 

environment-related 

disparities 

 

To estimate the effect of the 

food environment on HPS 

and social position and 

environment-related 

disparities 

 

To estimate the differences 

between schools that are 

attributable to the food 

environment 
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4. Public health implications 

The dietary habits of adolescents are subject to social inequalities, both at the individual and 

contextual levels, and which, in addition, evolve in a direction that may be inverse to more or 

less healthy food consumption. One way to improve dietary habits and reduce inequalities 

would be to implement public health actions having this double objective, such as those 

anchored in the concept of proportionate universalism.42 Actions from a proportionate 

XniYeUValiVm peUVpecWiYe aUe ³universal but with a scale and intensity that is proportionate to 

the level of disadvantage´.42 Such an approach is to be distinguished from population-based 

actions, which tend to aggravate inequalities, and from targeted actions, which leave aside 

those at a marginal risk thus addressing only a small part of the problem.215 

A universalism proportionate action is thus characterised by its aim to put in place policies that 

benefit the whole population structure along with measures so that the actions can benefit each 

individual to the extent of the needs he/she faces.3 Thus, a nutrition tax, such as the one 

implemented in Belgium on sugary drinks,29 is a good example of this type of intervention, 

although the evaluation of such an action relies on modelling approaches.3 Indeed, a nutrition 

tax is universal in nature and the whole population is affected. Its effects will naturally be 

tailored to the social gradient in consumption. Thus, if the most disadvantaged populations 

³react´ more strongly than others, a reduction in social inequalities is expected.3 However, such 

a tax would lead to economic inequalities and should therefore be accompanied by measures 

to compensate the disadvantaged, like subsidies in the form of vouchers redeemable for fruit 

and vegetables, for example.3 

More generally, the social and physical environment must be supportive and conducive to 

behaviour change.216 In fact, public health initiatives must promote an environment that is 

favourable to dietary recommendations. In this respect, the environment should meet the 

specific cultural needs of the whole population, with a culturally varied food offer for instance. 

In addition, an environment that encourages a change in behaviour should be promoted.216 

Although not yet sufficiently studied, certain levers have been identified to encourage change 

through the environment, such as moving the dessert bar and the fruit bar in the canteen or 

introducing additional difficulties such as payment by bank card for unhealthy foods.216 

Despite the lack of evidence, it appears that multi-component actions are the most effective.3 

Thus, communication actions should accompany the environment initiatives. Such actions can 

also achieve the objective of proportionate universalism. For example, the communication of 
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recommendations through different channels and forms, as was recently done in Belgium,21 

may reach the universal target. Disseminating information in schools with low socioeconomic 

status or with a high rate of immigrants, i.e. high risk groups of having unfavourable dietary 

behaviours, while adapting the messages to these populations and accompanying them with a 

varied food offer in line with the recommendations, would help to reduce inequalities. 

Overall, nutritional messages should encourage a shift to favourable dietary behaviour.216 In 

addition to being simple, clear and unambiguous, nutritional messages must be non-coercive. 

Indeed, coercion could lead to a psychological reactance216 from adolescents in search of 

freedom.96 These messages can also include symbols or colours to induce change, provided 

that these are interpreted in the same way across different cultures. In addition, messages for 

adolescents must be adapted and relevant to their specific interests,96 thus referring to their risk 

behaviours seem inadequate in view of their low perception of risk.93 Particularly in Belgium 

where cultural disparities have been highlighted, messages need to be adapted to the different 

sociocultural meanings associated with food, without explicitly contradicting individual 

identities. In addition, the healthy behaviours of sociocultural groups should be more positively 

highlighted in the messages. Finally, the communication should be done through different 

channels,96 including mass media heavily used by adolescents.95 Several levers, specific or not 

to the adolescent population, have been identified to generate behavioural change and can be 

used for messages aimed at the population, sub-population or individual.216 These include the 

use of positive emotions such as humour, the mobilisation of values shared by personalities or 

peers, and the valuing of favourable rather than unfavourable behaviour,216 all provided that it 

is culturally appropriate. 

However, nutritional information can be undermined by other factors such as immediate 

pleasure and taste,216 which seem very important for adolescents.96 Although it is mainly 

determined by dietary variety in the first six years of life, actions can trigger taste and pleasure 

through claims using words like ³special ingredient´.216 Other claims have been identified 

among adXlWV like WhoVe menWioning ZoUdV VXch aV ³healWh\´,216 but the expected effect among 

adolescents may be the opposite. Moreover, according to the ³Law of Free Food´, the taste 

barrier could be bypassed by the price of the food, so the cheaper the food, the better the taste.216 

Health messages must take into account that individuals resist attempts at awareness and 

persuasion.216 Several theoretical models of behaviour change have been developed, such as 

the ³trans-theoretical model of behaviour change´. FolloZing WhiV model, Whe indiYidXal goeV 
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through a total of five phases, from pre-contemplation through preparation to maintenance.217 

They will therefore first be in denial before considering and then carrying out the recommended 

behaviour, for instance drinking enough water every day. To accompany this change, messages 

must be adapted to each stage of the process and thus to the readiness for change.216 According 

Wo Whe ³Social Cognitive Theory´, behaviour change is also influenced by self-efficacy, fixed 

goals or outcome expectations.216 With regards to these models, many factors have been 

identified to counter resistance to change in dietary habits, such as self-affirmation. 

Nevertheless, these models of behaviour change place the responsibility for change exclusively 

on the individual. However, as mentioned above, the environment plays a key role in dietary 

behaviours. Thus, it seems complex to adopt a dietary behaviour change, such as a limited SSB 

consumption, if the environment encourages the initial food choice, a heavy SSB consumption. 

Therefore, addressing poor health behaviours is not only a matter of individual responsibility 

but also a public health priority, and the environment supplemented with nutrition messages 

should be a priority for action. 

In Belgium, several initiatives have already been put in place to improve dietary habits, such 

as the taxation of sugary drinks,29 the officialization of the Nutri-score28 or the food guides.31,32 

The diversity of actions should ensure a good population coverage, but the effect on disparities 

still needs to be addressed more specifically. Other actions, mobilising the levers mentioned 

above, could be targeted to adolescents in Belgium. These include the regulation of food 

marketing, the regulation of food supply in and around schools, the mandatory use of the Nutri-

score, or a higher taxation of sugary drinks with a subsidy for healthy food. In view of the 

cultural diversity in Belgium and the significant disparities between natives and immigrants, 

actions should better take into account the cultural specificities of the population, by valuing 

cultural identity and improving the cultural food offer for example.
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CHAPTER VII. CONCLUSION 

္ 

Adolescence represents an opportunity to develop healthy and long-lasting dietary behaviours. 

Also, dietary habits are particularly subject to social variations. Specific actions should 

improve diet and reduce related inequalities, but a comprehensive approach to the social 

determinants at this life stage remains necessary. In recent decades, methods in social and 

nutritional epidemiology have been considerably developed and awareness of the social 

determinants of nutrition-related health inequalities has actually increased. Despite such 

developments, the disparities and associated mechanisms are still insufficiently documented. 

In the framework of this doctoral thesis, differences in adolescent dietary habits according to 

their socioeconomic and sociocultural position were documented in Belgium. Interestingly, the 

observed socioeconomic differences were also specific to the migration status. Moreover, 

dietary habits and social disparities evolved in opposite directions. Lastly, disparities according 

to socioeconomic, sociocultural and to a lesser extent nutritional environment have also been 

documented. The mechanisms involved are still not well known and deserve to be explored 

further, with qualitative studies for instance, in order to further implement effective actions. 

It is worth noting that all these conclusions are valid for the period prior to Covid-19. In fact, 

the Covid-19 pandemic may have had effects on social inequalities in dietary habits, 

particularly with changes in work (loss of employment, teleworking, etc.) or with the increase 

in food insecurity. Our findings will therefore need to be updated with post-Covid data. 

In any case, future nutritional actions have to already integrate the concept of proportionate 

universalism in order to improve dietary habits and reduce ± or at least do not increase ± related 

social inequalities among adolescents. To avoid increasing inequalities between adolescents, 

especially when they are of different sociocultural backgrounds, the meaning that adolescents 

give to food but also the cultural aspect of diet, while respecting identities, beliefs, values and 

tradition, is to be integrated in actions. Finally, it is crucial that public health actions do not 

shift responsibility exclusively to the individual and that they focus on their environment. 

To conclude, reducing inequalities in the dietary habits of adolescents in Belgium is a complex 

objective to achieve, given the diversity and interrelation of these inequalities and the particular 

nature of the Belgian and adolescent population. However, this complexity should not 

constitute a waiver, because acting on adolescents will promote positive health trajectories 

throughout life and is a considerable investment for the future.  
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APPENDICES 

္ 

Appendix A. Research syntax used in Medline for updating knowledge on 

dietary disparities 

("DieW"[MeVh] OR ³DieW´ [TIAB] OR "Food"[MeVh:noE[p] OR ³FUXiW´[MeVh] OR 

³VegeWableV´[MeVh] OR ³DaiU\ PUodXcWV´[MeVh] OR "NXWUiWion SXUYe\V"[MeVh] OR 

³NXWUiWion*´ [TIAB]) 

AND 

("Socioeconomic Factors"[Mesh] OR "Socioeconomic Factors"[TIAB] OR "Risk 

Factors"[Mesh] OR "Ethnic gUoXpV"[MeVh] OR ³famil\ chaUacWeUiVWicV´[MeVh] OR ³healWh 

VWaWXV´[MeVh] OR ³hXman migUaWion´[MeVh] OR ³UeVidence chaUacWeUiVWicV´[MeVh] OR 

"Family"[Mesh]) 

AND 

(³EXUope"[MeVh] OR ³Canada"[MeVh] OR ³UniWed SWaWeV´[MeVh] OR ³AXVWUalia"[MeVh] OR 

³NeZ Zealand´[MeVh]) 

AND 

("2018/01/01"[PDAT] : "2020/12/31"[PDAT]) 

AND 

("humans"[MeSH Terms]) 

AND 

("adolescent"[MeSH Terms]) 
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Appendix B. Inclusion and exclusion criteria for studies in the literature review 

Table B-1. PICOS (Population, Intervention, Comparison, Outcomes and Study design) criteria for inclusion and 

exclusion of the studies in the literature review 

PICOS Inclusion and exclusion criteria 

Population General population, 10 to 17 years old, living in Europe, the United 

States, Canada, Australia or New Zealand. 

Results specifically presented in adolescent (i.e. 10-17-year-old) 

subgroup. 

Excluded: patients, elderly, infant or pre-school children, pregnant 

or lactating women, overweight or obese persons, those participating 

in a diet program, persons with eating disorders, specific ethnic groups 

(e.g. Inuits), refugees, low-income countries or geographic areas such 

as Asia. 

Intervention Not applicable. 

Comparison Of subjects, their parents, their household: 

- Individual socioeconomic status: education level, income, 

occupation, employment status. 

- Contextual socioeconomic status: school status, geographic 

area status. 

- Family structure: parenthood, sibling(s), household size. 

- Sociocultural position: ethnicity, country of origin, migration 

background. 

Outcome Diet assessed by usual intake or food frequency, in terms of food 

groups, food patterns and diet scores. 

Excluded outcomes: energy, macro- and micronutrient intake, eating 

behaviour (meal frequency, breakfast skipping, take-away or fast food 

consumption), and diet assessed through biomarkers. 

Study design Cross-sectional 

Longitudinal: description of cohort at baseline or at follow-up point. 
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Appendix C. Example of the short Food Frequency Questionnaire in HBSC 

Figure C-1. The sFFQ of the 2018 French-speaking HBSC survey. 
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Appendix D. Outlines of multilevel modelling ± Methods related to chapters III 

and V 

Multilevel modelling is designed to handle the data structure. In the HBSC surveys, data is 

organised in a hierarchical structure152 following the sampling design, with participating 

adolescents [level 1] nested within classes [level 2], in turn nested in schools [level 3]. Such a 

structure can result in correlated or non-independent data. Indeed, we might expect that two 

randomly selected adolescents from the same school should be more alike regarding food 

frequency consumption than two adolescents from different schools.153 In other words, 

characteristics of the school, particularly in terms of nutrition, might influence adolescent 

dietary habits. In the analyses of this thesis (chapters III and V), class level is not considered, 

as dietary habits were not influenced by class characteristics in addition to those of schools. 

Single-level modelling 

In the absence of such a data structure, single-level modelling is performed. Under these 

circumstances, are assumed the independence of the observations and the uncorrelation with 

each other of the residuals denoted 𝑒𝑖.218 The equation of the single-level logistic regression 

model is written as follows:219 

𝑦𝑖 ൌ 𝛽0 ൅ 𝛴𝑖=1
𝑘  𝛽𝑖𝑋𝑖 ൅ 𝑒𝑖 

with 𝑒𝑖~𝑁ሺ0, 𝜎𝑒
2ሻ. 

Two-level modelling 

As mentioned throughout this work, adolescents participating in HBSC surveys are nested 

within schools. LeW¶V conVideU WhaW the adolescent i belongs to a school j and his/her binary 

response is written 𝑦𝑖௝. Compared to a one-level model (Figure D-1), the residuals in two-level 

modelling are split into two components: individual residuals denoted 𝑒𝑖௝ and school residuals 

denoted 𝑢௝ .218 
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Figure D-1. Graphical representation of a one-level (left) and a two-level (right) binary logistic regressions. 

When school residuals 𝑢௝  are not fixed and are assumed to vary across schools, the model is 

Vaid Wo be ³random intercept model´ 154. Let 𝑋𝑖௝ the individual-level independent variables, 

𝑍௝ the school-level independent variables, the equation of this model is the following 154: 

𝑦𝑖 ൌ 𝛽0 ൅ 𝛴𝑖=1
𝑘  𝛽𝑖𝑋𝑖௝ ൅ 𝛴௟=1

௠  𝛽௟𝑍௝ ൅ 𝑢௝ ൅ 𝑒𝑖௝ 

with 𝑢௝~𝑁ሺ0, 𝜎𝑢
2ሻ and 𝑒𝑖௝~𝑁ሺ0, 𝜎𝑒

2ሻ. 

The first step in multilevel analyses is to determine whether dietary habits do differ between 

schools or not. Hence, a likelihood ratio test comparing the one-level model to the two-level 

random intercept model is performed.154 When the null hypothesis of no group difference is 

rejected (P value significant), the two-level model is retained. Indeed, a significant test implies 

that the more complete (i.e. two-level) model fits better than the less complete (i.e. one-level) 

model. 

In the random intercept model, only the intercept 𝛽0 is allowed to vary while the slope 𝛽𝑖 is 

assumed to be fixed across schools, meaning that the relationship between y and x does not 

vary across schools. The equation of the random slope model is the following:154 

𝑦𝑖 ൌ 𝛽0 ൅ 𝛽1𝑥𝑖௝ ൅ 𝛴𝑖=2
𝑘  𝛽𝑖𝑋𝑖௝ ൅ 𝛴௟=1

௠  𝛽௟𝑍௝ ൅ 𝑢0௝ ൅ 𝑢1௝𝑥𝑖௝ ൅ 𝑒𝑖௝ 

with 𝑢0௝~𝑁ሺ0, 𝜎𝑢0
2 ሻ, 𝑢1௝~𝑁ሺ0, 𝜎𝑢1

2 ሻ, covariance 𝜎𝑢01 and 𝑒𝑖௝~𝑁ሺ0, 𝜎𝑒
2ሻ. 

The slopes of all the independent individual-level variables can be allowed to vary across 

schools, leading to a very complex and difficult to estimate model. Hence, if the effect of a 

variable is not different from one group to another, it is not necessary to use a random slope 

model. To determine whether the slope should be fixed or random, a likelihood ratio test is 

performed,168 comparing a first model with a fixed slope nested in a second with a random 

slope. The random slope model will be retained when the P value is significant, meaning that 



212 
 

this model fits better than the fixed slope model. Note that contextual variables, which are 

specific to schools, may also vary and could be considered at a higher level, i.e. level 3. 

However, we did not consider such a level in our analyses. 
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Appendix E. Outlines of Multiple Correspondence Analysis ± Methods related 

to chapter V 

Multiple Correspondence Analysis (MCA) is one of the descriptive and multidimensional 

method of Geometric Data Analysis.220 MCA is analogous to Principal Component Analysis 

(PCA), with the difference that MCA is performed on categorical data while PCA on 

quantitative data. MCA can also be viewed as an extension of Correspondence Analysis (CA), 

in that it applies to more than two categorical variables. 

The main objectives of MCA are:  

i. ³To study similarities between individuals from a multidimensional perspective; 

ii. To assess the relationships between the variables and study the associations between 

the categories; 

iii. To link together the study of individuals and that of variables in order to characterise 

the individuals using the variables´.162 

As part of this work, the MCA was performed on foods available at schools and is intended to 

be the preliminary step to hierarchical clustering.162 Indeed, one solution to avoid stability 

problems163 is to first transform categorical variables into quantitative variables before 

performing a hierarchical clustering.  

Reprocessing data 

The first step before performing an MCA is to transform the raw database in an indicatora 

matrix (Figure E-1).162 The matrix is of size I x K, with I the set of individuals and K the set 

of categories. As part of this work, the individuals are the schools and the variables are the 

foods available for sale at school (10 items, each with two modalities). A value of 1 is assigned 

when the individual has the category and 0 when he does not. Therefore, 𝑦𝑖𝑘 equals 1 if the 

individual i has the category k of the variable j, otherwise 0. Noteworthy in MCA, all the 

individuals have the same weight: 1
𝐼
. Given that a rare category is much more characteristic of 

an individual than a frequent category, the proportion of individuals with the category k (𝑝𝑘)  

 
a An indicator variable (or dummy variable) is a variable that can only takes a value of 0 or 1, corresponding to 
the absence or presence of a qualitative attribute.221. 
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is taken into consideration as follows: 𝑦𝑖𝑘
𝑝𝑘

. MCA is based on the matrix Z, the centred version, 

with 𝑥𝑖𝑘 ൌ 𝑦𝑖𝑘
𝑝𝑘

െ 1.167 
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Figure E-1. Conversion of a raw database into an indicator matrix. I: individuals; J: variables; K: categories. 

Studying individuals 

The study of individuals provides information of the similarity between them, i.e. the 

variability of individuals.162 For instance, two individuals are similar if they have many 

categories in common. Conversely, two individuals are different if they have few categories in 

common. MCA aims to explore this variability from a multidimensional perspective. 

Initially, individuals are represented in a vector space ℝ𝐾, each dimension representing a 

category k.162 As a result, the set of individuals forms a cloud NI with a centre of gravity GI. 

The profile Mi has the principal coordinates 𝑥𝑖𝑘  with respect of principal axes and a weight 

of 1
𝐼
.  The total inertia of the cloud, ³a multidimensional extension of the concept of variance´, 

is:162 

𝐼𝑛𝑒𝑟𝑡𝑖𝑎ሺ𝑁𝐼ሻ ൌ
1
𝐼

෍ 𝑑2ሺ𝑖, 𝐺𝐼ሻ  ൌ  
𝐾
𝐽

െ 1
𝐼

𝑖=1

 

The distance between individuals, a method of studying similarity, is calculated as follows:162 

𝑑𝑖,𝑖ᇱ
2 ൌ

1
𝐽

෍
1

𝑝𝑘
ሺ𝑦𝑖𝑘 െ 𝑦𝑖ᇱ𝑘ሻ2

𝐾

𝑘=1

 

Therefore, the distance between two individuals equals zero if they have the same categories. 

Conversely, the distance is high if one individual has a rare category. Furthermore, the more 

rare categories an individual has, the further away he will be from the origin (centre of gravity 

due to data centring):220 
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𝑑ሺ𝑖, 𝐺𝐼ሻ2  ൌ  
1
𝐽

෍
𝑦𝑖௝

𝑝𝑘
െ 1

𝐾

𝑘=1

 

Given that the high dimensionality of the space prevents visualisation of the cloud of 

individuals, the cloud 𝑁𝐼 in ℝ𝐾 can be represented in a lower dimensional space.167 Among 

others, one of the challenges is to distort distances between individuals as little as possible and 

thus, to obtain the more accurate image of the cloud. Therefore, a sequence of orthogonal axes 

of maximum inertia is searched, with the origin of the axes at the centre of gravity 𝐺𝐼. 

Afterwards, the cloud 𝑁𝐼 is projected on these axes denoted 𝜇௦. The first two orthogonal axes 

correspond to the plane P, that is the best plane representation.167 As a result of the projection, 

the profile Mi has new coordinates, that is the mean of the coordinates of the categories taken 

by the individual i. Let 𝐹௦ሺ𝑖ሻ the coordinates of individual i and 𝐺௦ሺ𝑖ሻ the coordinates of 

category k on the rank axis s:167 

𝐹௦ሺ𝑘ሻ ൌ  ෍ ෍
𝑥𝑖𝑘

𝐽

𝐾ೕ

𝑘=1

𝐺௦

𝐽

௝=1

 

Therefore, the set of projections of all the points of the cloud 𝑁𝐼 on the factorial axis 𝜇௦ forms 

a new synthetic variable 𝐹௦.165 This quantitative synthetic variable is also called principal 

component and summarise all the original categorical variables.165 

Axes are characterised by two mains properties: the eigenvalue and the percentage of inertia. 

The eigenvalue of the axe s (𝜆௦) is the inertia of the cloud NI projected on the axis s, i.e. the 

variance explained by this axis.167 The percentage of inertia relates the projected inertia of the 

cloud NI to total inertia:167  
𝜆௦

∑ 𝜆௦
𝐾
௦=1

 

Noteworthy, the maximum percentage of inertia related to an axis is equal to: 𝐽
𝐾−𝐽

𝑥 100.167 

Therefore, this percentage tend to be weak in MCA.162 The eigenvalues can be used to 

determine the number of axes to be retain. The challenge is to find the number of axes that 

allow both to interpret the data and to preserve as much variability as possible. The scree plot, 

a line plot of the eigenvalues, can be used to determine the number of dimensions to be kept.222 

The dimensions to be retained are those before the eigenvalues levelling-off. However, only 

the first plane can also be retained222 to facilitate data visualisation and interpretation. 
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From the cloud of individuals, categories can be projected.162 A category is similar to a group 

of individuals. Therefore, a category k is at the barycentrea of the individuals who have chosen 

this category k. In addition, the origin of the cloud is at the barycentre of Whe YaUiable¶V 

categories. Therefore, the more frequent a category is, the closer it will be to the origin.162 By 

visualising the categories in the cloud of individuals, we will be able to observe the structure 

of the data. 

Studying categories 

Another way of representing the categories through the barycentre of individuals is to project 

the cloud of categories in a lower dimensionality space, similarly to the cloud of individuals. 

The categories are represented in a vector space ℝ𝐼, each dimension representing an individual 

i.162 Therefore, the set of categories forms a cloud 𝑁𝐾 with a center of gravity 𝐺𝐾.  

The variance of the category k is equal to:162 

𝑣𝑎𝑟ሺ𝑘ሻ  ൌ 𝑑2ሺ𝑘, 𝑂ሻ  ൌ  ෍
1
𝐼

𝑥𝑖𝑘
2 ൌ  

1
𝑝𝑘

െ 1
𝐼

𝑖=1

 

The inertia of the category k and the inertia of the cloud 𝑁𝐾 are equal to:162  

𝐼𝑛𝑒𝑟𝑡𝑖𝑎ሺ𝑘ሻ  ൌ  
1 െ 𝑝𝑘

𝐽
 

𝐼𝑛𝑒𝑟𝑡𝑖𝑎ሺ𝑁𝐾ሻ ൌ
1
𝐽

෍ሺ1 െ 𝑝𝑘ሻ  ൌ  
𝐾
𝐽

െ 1

𝐾ೕ

𝑘=1

 

Therefore, the rarer the category, the further away it is from the origin and the greater the 

inertia. The distance between two categories is calculated as follows:167 

𝑑𝑘,𝑘ᇱ
2 ൌ ෍ ൬

𝑦𝑖𝑘

𝑝𝑘
െ

𝑦𝑖𝑘ᇱ

𝑝𝑘ᇱ
൰

2𝐼

𝑖=1

 

As before, in order to represent the cloud 𝑁𝐾in ℝ𝐼 in a lower dimensional space, a sequence of 

orthogonal axes of maximum inertia is searched, with the origin of the axes at the centre of 

gravity 𝐺𝐽. The profile 𝑀𝑘 has the coordinates 𝑥𝑖𝑘  and a weight of 𝑝𝑘
𝐽

. Afterwards, the cloud 𝑁𝐾  

is projected on these axes, with the first two orthogonal axes corresponding to a plane P. 

 
a Centroid, average. The coordinates of the barycentre are the arithmetic mean of the coordinates of all the points 
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Therefore, the profile 𝑀𝑘 has new coordinates, that is the mean of the coordinates of the 

individuals with the category k:167 

𝐺௦ሺ𝑘ሻ ൌ  ෍
𝑥𝑖𝑘

𝐼𝑘
𝐹௦ሺ𝑖ሻ

𝐼

𝑖=1

 

From the cloud of categories, individuals can be projected. An individual can be considered as 

a set of categories he has chosen. Therefore, an individual is at the barycenter of the categories 

he has. 

Duality relation ± graphical representation of MCA 

The cloud of individuals and the cloud of categories are linked by relations of dualitya. Among 

others, the clouds 𝑁𝐼  and 𝑁𝐽 have the same total inertia, that is: 𝐾
𝐽

െ 1.167 In addition, the graph 

of individuals with the categories at the barycentre and the graph of categories with the 

individuals at the barycentre are identical to within one multiplier ൬ 1
ඥ𝜆ೞ

൰:167 

𝐹௦ ൌ  
1

ඥ𝜆௦
෍ ෍

𝑥𝑖𝑘

𝐽

𝐾ೕ

𝑘=1

𝐺௦

𝐽

௝=1

 

𝐺௦ሺ𝑘ሻ ൌ
1

ඥ𝜆௦
෍

𝑥𝑖𝑘

𝐼𝑘
𝐹௦ሺ𝑖ሻ

𝐼

𝑖=1

 

The latter duality relation makes it possible to obtain the graph of individuals and categories 

simultaneously. On the graph of individuals (resp. categories), the coordinates of the categories 

(resp. individuals) are multiplied by 𝜆௦.167 As a result, the categories (resp. individuals) are now 

considered to be at the pseudo-barycentre of individuals (resp. categories).167 

 

 

 
a If the dual of A is B, the dual of B is A 
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Appendix F. SXpplemenWaU\ maWeUial Wo Whe aUWicle ³Socioeconomic disparities in diet vary according to migration status 

among adolescents in Belgium´ ± Multilevel logistic regression models related to the results in figure form 

Table F-1. Multilevel multinomial regressions for fruit consumption (reference category: >once a day) stratified by migration status (n = 19,172). 2014 HBSC in Belgium. 
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Table F-2. Multilevel multinomial regressions for vegetable consumption (reference category: >once a day) stratified by migration status (n = 18,974). 2014 HBSC in Belgium.  
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Table F-3. MXlWileYel logiVWic UegUeVVionV foU fiVh conVXmpWion (UefeUence caWegoU\: �WZo da\V a Zeek) VWUaWified 

by migration status (n = 18,924). 2014 HBSC in Belgium. 
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Table F-4. Multilevel logistic regressions for dairy product consumption (reference category: >once a day) 

stratified by migration status (n = 18,541). 2014 HBSC in Belgium. 
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Table F-5. Multilevel logistic regressions for crips and fries consumption (reference category: <once a day) 

stratified by migration status (n = 18,853). 2014 HBSC in Belgium. 
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Table F-6. Multilevel multinomial regressions for sugar-VZeeWened beYeUageV conVXmpWion (UefeUence caWegoU\: �once a Zeek) VWUaWified b\ migUaWion VWaWXV (n = 18,642). 

2014 HBSC in Belgium. 
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Appendix G. Supplementary material to the aUWicle ³Socioeconomic disparities in diet vary according to migration status 

among adolescents in Belgium´ ± Multilevel logistic regression stratified by geographical origin of immigrants 

Table G-1. Multilevel logistic regressions* for food consumption stratified by geographical origin of immigrants. 2014 HBSC Belgium. 
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Appendix H. SXpplemenWaU\ maWeUial Wo Whe aUWicle ³Socioeconomic disparities 

in diet vary according to migration status among adolescents in Belgium´ ± 

Comparisons between adolescents included in analyses and those eligible but not 

included 

Table H-1. Comparisons of food consumptions, cultural, and sociodemographic characteristics between 

participants included in the analyses and those excluded due to missing data. 2014 HBSC Belgium. 

  Included 
participants                          
(n = 19,172) 

Eligible participants not 
included (nmax = 3,859) 

  

    
 n  % n % P value 
Fruit      3,634   0.004 
   >once a day   17.2   19.4   
   5-7 days a week   32.8   31.2   
   <5 days a week   50.0   49.4   
Vegetable 18,974   3,674   <0,001 
   >once a day   18.8   19.9   
   5-7 days a week   55.6   48.7   
   <5 days a week   25.6   31.4   
Fish  18,924   3,676   <0,001 
    �WZo da\V a Zeek   20.2   24.3   
    <two days a week   79.8   75.7   
Dairy products  18,541   3,539   0.20 
    >once a day   79.6   80.6   
    �once a da\   20.4   19.4   
Crisps and fries  18,853   3,615   <0,001 
  <once a day   87.7   81.1   
   �once a da\   12.2   18.9   
Sugar-sweetened beverages  18,642   3,567   <0,001 
   �once a Zeek   24.5   21.3   
   2-6 days a week   31.8   29.9   
   �once a da\   43.7   48.8   
Gender     3,859   <0,001 
   Boys   50.6   58.9   
   Girls   49.4   41.1   
Age     3,859   <0,001 
   10-12   28.8   31.8   
   13-16   50.2   47.1   
   17-19   21.0   21.1   
Migration status a     3,381   <0,001 
   Natives   69.6   59.8   
   2nd-generation immigrants   22.0   25.8   
   1st-generation immigrants   8.4   14.4   
Family structure a     2,955   <0,001 
   Two parents   66.4   58.4   
   Blended family   14.1   15.6   
   Single-parent family   19.5   26.0   
Family Affluence Scale a     2,089   <0,001 
   High   19.4   15.4   
   Medium   63.7   56.7   
   Low   16.9   27.9   
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(Continued)    
    

  

Included 
participants                          
(n = 19,172) 

Eligible participants not 
included (nmax = 3,859)  

  n  % n  % P value 
Parental working status a     3,314   <0,001 
   Both parents working   68.4   52.7   
   One working, the other at home   17.4   16.6   
   One working, the other not at home   8.1   12.2   
   None working   6.1   18.5   
Siblings     2,606   0.52 
   Single child   9.3   9.7   
   Siblings   90.7   90.3   
School Region     3,859   <0,001 
   Brussels-Capital Region   11.4   15.2   
   Walloon Region   46.6   49.4   
   Flemish Region   42.0   35.4   

a For details, see Methods section 
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Appendix I. Supplementary material to the article ³Twenty-four-year trends in family and regional disparities in fruit, 

vegetable and sugar-sweetened beverage consumption among adolescents´ ± Inclusion diagram 

 
Figure I-1. Inclusion diagram of adolescents in Belgium, HBSC, 1990-2002-2014. 
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analyses
n 21 939

Brussels-Capital: n 2646
Wallonia: n 10 385
Flanders: n 8908
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Appendix J. Supplementary material to the article ³Twenty-four-year trends in 

family and regional disparities in fruit, vegetable and sugar-sweetened beverage 

consumption among adolescents´ ± Food consumption and characteristics of 

participants by survey year 

Table J-1. Food consumption and characteristics of participants in percentages by year of survey. 1990-2002-

2014 HBSC in Belgium. 

 1990 
n = 8,001 

2002 
n = 29,825 

2014 
n = 21,939 

P value 

Non-daily fruit 27.7 69.2 60.6 <0.001 
Non-daily vegetables 23.1 49.5 44.6 <0.001 
Daily Sugar-sweetened beverages 58.9 40.7 34.8 <0.001 
Sex    <0.001 
     Boys 47.3 48.6 51.7  
     Girls 52.7 51.4 48.3  
Age Group    <0.001 
     10-12 y 33.6 33.5 29.6  
     13-16 y 45.5 47.4 49.8  
     17-19 y 20.9 19.1 20.6  
Family Structure    <0.001 
     Two parents 83.9 77.4 65.4  
     Blended family 4.4 9.4 14.4  
     Single-parent family 11.7 13.2 20.2  
School Region    <0.001 
     Brussels-Capital 13.3 10.6 12.1  
     Wallonia 36.6 37.3 47.3  
     Flanders 50.1 52.1 40.6  
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Appendix K. Supplementary material to the article ³Twenty-four-year trends in 

family and regional disparities in fruit, vegetable and sugar-sweetened beverage 

consumption among adolescents´ ± Graphical representation of prevalence of 

food consumption by survey year 

 

Figure K-1. Prevalence of food consumption by year of survey. 1990-2002-2014 HBSC in Belgium. 
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Appendix L. Measures of inequalities related to family structure and school 

region in dietary habits of adolescents in Belgium (Chapter IV) 

Table L-1. Measures of inequalities related to family structure for fruit, vegetables and sugar-sweetened 

beverages among adolescents between 1990 and 2014. 1990-2002-2014 HBSC in Belgium. 

 1990 2002 2014 Change between 

1990 and 2002 

Change between 

2002 and 2014 

Change between 

1990 and 2014 

Non-daily fruit consumption 

RII1 1.58 1.15 1.18 -27.2% +2.6% -25.3% 

SII2 13.14 9.53 10.40 -27.5% +9.1% -20.9% 

PAF3 0.04 0.01 0.03 -75.0% +200% -25.0% 

Non-daily vegetable consumption 

RII1 1.30 1.11 1.16 -14.6% +4.51% -10.8% 

SII2 6.74 5.56 6.81 -17.5% +22.5% +1.0% 

PAF3 0.03 0.01 0.02 -66.7% +100% -33.3% 

Daily sugar-sweetened beverage consumption 

RII1 1.08 1.27 1.47 +17.6% +15.7% +36.1% 

SII2 4.80 10.10 14.34 +110.4% +42.0% +198.8% 

PAF3 0.01 0.03 0.08 +200.0% 166.7% +700.0% 
1RII: Adjusted Relative Index of Inequality; 2SII: Adjusted Slope Index of Inequality; 3PAF: Population 
Attributable Risk 

Table L-2. Measures of inequalities related to school region for fruit, vegetables and sugar-sweetened beverages 

among adolescents between 1990 and 2014. 1990-2002-2014 HBSC in Belgium. 

 1990 2002 2014 Change between 

1990 and 2002 

Change between 

2002 and 2014 

Change between 

1990 and 2014 

Non-daily fruit consumption 

RII1 0.83 0.73 0.55 -12.0% -24.7% -33.7% 

SII2 -4.19 -20.71 -34.68 -394.3% -67.5% -727.7% 

PAF3 -0.03 -0.08 -0.20 -166.7% -150.0% -566.7% 

Non-daily vegetable consumption 

RII1 1.55 1.29 0.99 -16.8% -23.3% -36.1% 

SII2 11.38 12.65 -0.38 +11.2% -103.0% -103.3% 

PAF3 0.14 0.06 -0.05 -57.1% -183.3% -135.7% 

Daily sugar-sweetened beverage consumption 

RII1 1.15 0.99 1.37 -13.9% +38.4% +19.1% 

SII2 8.13 1.13 11.03 -86.1% +876.1% +35.7% 

PAF3 0.03 0.00 0.08 -100.0% +1500.0% +166.7% 
1RII: Adjusted Relative Index of Inequality; 2SII: Adjusted Slope Index of Inequality; 3PAF: Population 
Attributable Risk 
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Appendix M. Measures of inequalities related to migration status in dietary 

habits of adolescents in French-speaking Belgium (Chapter IV) 

Table M-1. Measures of inequalities related to migration status for fruit, vegetables and sugar-sweetened 

beverages among adolescents between 1986 and 2014. 1986-2010-2014 HBSC in French-speaking Belgium. 

 1986 2010 2014 Change between 

1986 and 2010 

Change between 

2010 and 2014 

Change between 

1986 and 2014 

Non-daily fruit consumption 

RII1 0.68 1.15 0.90 +69.1% -21.7% +32.4% 

SII2 -10.43 7.63 -4.84 +173.2% -163.4% +53.6% 

PAF3 -0.14 0.06 -0.05 +142.9% -183.3% +64.3% 

Non-daily vegetable consumption 

RII1 6.46 1.46 1.40 -77.4% -4.1% -78.3% 

SII2 29.74 20.80 19.30 -30.1% -7.2% -35.1% 

PAF3 0.41 0.15 0.21 -63.4% +40.0% -48.8% 

Daily sugar-sweetened beverage consumption 

RII1 0.92 1.07 1.25 +16.3% +16.8% +35.9% 

SII2 -5.49 2.97 10.92 +154.1% +267.7% +298.9% 

PAF3 -0.01 0.09 0.18 +1000.0% +100.0% +1900.0% 
1RII: Adjusted Relative Index of Inequality; 2SII: Adjusted Slope Index of Inequality; 3PAF: Population 
Attributable Risk 
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Appendix N. SXpplemenWaU\ maWeUial Wo Whe aUWicle ³Dietary disparities among 

adolescents according to individual and school socioeconomic status: a 

multilevel analysis´ ± Inclusion diagram 

Schools/Adolescents in 
secondary education

n = 134/10,289

No school-level questionnaire
n = 11/878

n = 123/9,411
Missing data for the 

school-level questionnaire
n = 3/313

n = 120/9,098
Missing data for the Food 
Frequency Questionnaire

n = 0/2,301

n = 120/6,797
Missing data for the 

covariates
n = 0/780

Schools/Adolescents
included in analyses

n = 120/6,017
 

Figure N-1. Inclusion diagram of schools and adolescents in French-Speaking Belgium, HBSC, 2018. 
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Appendix O. SXpplemenWaU\ maWeUial Wo Whe aUWicle ³Dietary disparities among 

adolescents according to individual and school socioeconomic status: a 

multilevel analysis´ ± Factor map of the Multiple Correspondence Analysis 

 

Figure O-1. Multiple Correspondence Analyses factor map of the 10 food items sold at schools. 2018 HBSC in 

French-speaking Belgium. 
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Appendix P. SXpplemenWaU\ maWeUial Wo Whe aUWicle ³Dietary disparities among 

adolescents according to individual and school socioeconomic status: a 

multilevel analysis´ ± Food consumption and characteristics of participants 

Table P-1. Food consumption and characteristic of participants in percentages (n= 6,017). 2018 HBSC in French-

speaking Belgium. 

Variables n % 
Food groups   
   Non-daily fruit 3,651 60.7 
   Non-daily vegetable 2,653 44.1 
   Non-daily dairy products 2,024 33.6 
   Non-daily water 750 12.5 
   Daily crisps and fries 920 15.3 
   Daily sugar-sweetened beverages 1,876 31.2 
Individual-level characteristics   
   Gender   
        Boys 2,827 47.0 
        Girls 3,190 53.0 
   Age group   
        < 14 years old 1,957 32.5 
        15-16 years old 1,931 32.1 
        17-20 years old 2,129 35.4 
   Family structure   
        Two-parent family 3,630 60.3 
        Blended family 963 16.0 
        Single-parent family 1,424 23.7 
   Siblings   
        Single child 454 7.6 
        Siblings 5,563 92.4 
   Family Affluence Scale   
        High 1.240 20.6 
        Medium 3.661 60.8 
        Low 1.116 18.6 
   Perceived family wealth   
        Well off 667 11.1 
        Quite well off 2,984 49.6 
        Average 1,796 29.9 
        Not so/at all well off 570 9.5 
   Parental working status   
        Both parents working 3,782 62.8 
        One working parent 1,749 29.1 
        No working parent 486 8.1 
   Parental education level   
        Post-secondary 3,447 57.3 
        Secondary or lower 2,064 34.3 
        Undetermined 506 8.4 
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(Continued)   
   
Variables n % 
School-level characteristics   
   School region   
        Brussels-Capital 1,275 21.2 
        Wallonia 4,742 78.8 
   School socioeconomic index    
        High 2,801 46.6 
        Medium 1,970 32.7 
        Low 1,246 20,7 
   Health promotion addressed in school   
        Yes 3,757 62.4 
        No 2,260 37.6 
   Project to increase consumption of health-promoting 

foods 
  

        Yes 2,230 37.1 
        No 3,787 62.9 
   Project to limit the consumption of unhealthy foods   
        Yes 2,900 48.2 
        No 3,117 51.8 
   Project to include fruit or vegetables at school events   
        Yes 2,110 35.1 
        No 3,907 64.9 
   Foods available for sale at school   
        Few foods 1,904 31.6 
        Mainly unhealthy foods  1,535 25.5 
        Many foods  2,578 42.9 
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Appendix Q. SXpplemenWaU\ maWeUial Wo Whe aUWicle ³Dietary disparities among 

adolescents according to individual and school socioeconomic status: a 

multilevel analysis´ ± Multilevel logistic regressions for dairy products 

consumption 

Table Q-1. Multilevel logistic regressions* for dairy products consumption (ref: daily consumption) (n= 6,017). 

2018 HBSC in French-speaking Belgium. 

 Model 1 Model 2 Model 3* 
  ORa (95% CI) P value ORa (95% CI) P value 
Individual-level variables      
   Gender (vs. Girls)   <0.001  <0.001 
     Boys  0.74 (0.66-0.82)  0.73 (0.66-0.82)  
   Age group (vs. <14 years old)   <0.001  <0.001 
     15-16 years old  1.25 (1.09-1.43)  1.25 (1.09-1.43)  
     17-20 years old  1.26 (1.10-1.44)  1.27 (1.11-1.45)  
   Family structure (vs. Two-parent family)   0.54  0.59 
     Blended family  1.09 (0.94-1.27)  1.08 (0.93-1.26)  
     Single-parent family  1.02 (0.89-1.17)  1.02 (0.89-1.17)  
   Siblings (vs.: Siblings)   0.10  0.11 
     Single child  1.18 (0.97-1.45)  1.18 (0.96-1.44)  
   Family Affluence Scale (vs. High)   0.43  0.41 
     Middle  1.08 (0.93-1.25)  1.08 (0.93-1.25)  
     Low  1.14 (0.93-1.38)  1.15 (0.94-1.40)  
   Perceived family wealth (vs. Very well off)   0.70  0.71 
     Quite well off  1.02 (0.84-1.22)  1.02 (0.85-1.23)  
     Average  1.09 (0.89-1.33)  1.09 (0.89-1.33)  
     Not so/at all well off  1.00 (0.78-1.29)  1.00 (0.78-1.28)  
   Parental working status (vs. Both working)   0.09  0.11 
     One working parent  0.93 (0.82-1.06)  0.94 (0.82-1.06)  
     No working parent  0.79 (0.64-0.98)  0.79 (0.64-0.99)  
   Parental education level (vs. Post-secondary)   0.86  0.85 
     Secondary or lower  1.00 (0.88-1.13)  0.99 (0.88-1.13)  
     Undetermined  1.06 (0.86-1.29)  1.05 (0.86-1.30)  
      
Intercept  0.51 (0.48-0.53) 0.37 (0.37-0.55)  0.35 (0.25-0.49)  
      
Variance of random effects 0.00 0.00  0.00  
Corrected variance of random effects� 0.00 0.00  0.00  
      
Measures of components of variance and 
heterogeneity 

     

   PCV Reference -  -  
   VPC 0.00 0.00  0.00  
   MOR 1.00 1.00  1.00  

POOR, proportion of odds ratios in the opposite direction; PCV, proportional change of the corrected variance; VPC, variance partition coefficient; MOR, 
median odds ratio. Model 1: school-specific random effects; model 2: model 1 adjusted on all individual-level variables; model 3: model 2 adjusted on 
school-level variables including the non-significant ones: school region, school SEI, health promotion addressed in school; purpose of food project: to 
increase consumption of health-promoting foods, to limit consumption of unhealthy foods, to include fruit or vegetables at school events; foods available 
for sale at school.   
�Scale correction factor= 0.994 
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Appendix R. Results of the additional analyses carried out on the Brussels-Capital Region 

(Chapter V) 

Table R-1. Multilevel logistic regressions for vegetable consumption (ref: daily consumption) (n= 1,603). 2018 HBSC in 

French-speaking Belgium. 

 Model 1 Model 2 Model 3 
  ORa (95% CI) P value ORa (95% CI) P value 
Individual-level variables      
   Gender (vs. Girls)   0.04  0.03 
     Boys  1.25 (1.01-1.54)  1.25 (1.02-1.55)  
   Age group (vs. <14 years old)   0.55  0.64 
     15-16 years old  0.92 (0.70-1.20)  0.89 (0.68-1.15)  
     17-20 years old  1.06 (0.81-1.38)  0.97 (0.75-1.26)  
   Family structure (vs. Two-parent family)   0.21  0.17 
     Blended family  0.99 (0.69-1.40)  1.03 (0.73-1.47)  
     Single-parent family  1.24 (0.97-1.60)  1.27 (0.99-1.63)  
   Family Affluence Scale (vs. High)   0.06  0.15 
     Middle  1.25 (0.94-1.67)  1.18 (0.89-1.57)  
     Low  1.69 (1.10-2.59)  1.52 (0.99-2.34)  
   Perceived family wealth (vs. Very well off)   0.19  0.11 
     Quite well off  1.24 (0.88-1.75)  1.30 (0.93-1.82)  
     Average  1.25 (0.85-1.82)  1.32 (0.91-1.93)  
     Not so/at all well off  0.86 (0.52-1.41)  0.89 (0.54-1.45)  
   Parental working status (vs. Both working)   0.44  0.33 
     One working parent  1.09 (0.86-1.39)  1.05 (0.83-1.34)  
     No working parent  0.85 (0.57-1.27)  0.78 (0.53-1.16)  
   Parental level of education (vs. Post-secondary)   0.003  0.009 
     Secondary or lower  1.33 (1.03-1.73)  1.25 (0.96-1.61)  
     Undetermined  2.11 (1.31-3.39)  2.01 (1.25-3.22)  
   Migration Status (vs. Natives)   0.02  0.10 
     Second-generation immigrants  1.43 (1.10-1.87)  1.33 (1.02-1.74)  
     First-generation immigrants  1.41 (1.02-1.93)  1.26 (0.91-1.73)  
School-level variables      
   School socioeconomic index and proportion of 

immigrants (vs. high SEI, low MIG) 
    <0.001 

     Medium SEI, low MIG    0.83 (0.56-1.25)  
     POOR (%)    6.8%  
     Medium SEI, middle MIG    1.77 (1.27-2.47)  
     POOR (%)    0.0%  
     Low SEI, low or middle MIG    1.94 (1.33-2.82)  
     POOR (%)    0.0%  
     Low SEI, high MIG    2.29 (1.62-3.23)  
     POOR (%)    0.0%  
      
   Intercept  0.94 (0.75-1.17) 0.35 (0.22-0.55)  0.27 (0.18-0.41)  
      
   Variance of random effects 0.27 0.13  0.01  
   Corrected variance of random effects� - 0.12  0.01  
      
Measures of components of variance and 
heterogeneity 

     

   PCV Reference 53.7%  97.4%  
   VPC 0.075 0.038  0.002  
   MOR 1.64 1.41  1.09  

POOR: proportion of odds ratios in the opposite direction; PCV: proportional change of the variance; VPC: variance partition coefficient; 
MOR: median odds ratio. Significant school effect in bold. Model 1: school-specific random effects; model 2: model 1 adjusted on 
individual-level variables; model 3: model 2 adjusted on school-level variables  
� Scale correction factor= 0.971786 
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Table R-2. Multilevel logistic regressions for dairy products consumption (ref: daily consumption) (n= 1,603). 

2018 HBSC in French-speaking Belgium. 

 Model 1 Model 2 Model 3 
  ORa (95% CI) P value ORa (95% CI) P value 
Individual-level variables      
   Gender (vs. Girls)   <0.001  <0.001 
     Boys  0.63 (0.51-0.79)  0.63 (0.51-0.78)  
   Age group (vs. <14 years old)   0.04  0.03 
     15-16 years old  1.17 (0.89-1.53)  1.17 (0.89-1.54)  
     17-20 years old  1.40 (1.08-1.82)  1.43 (1.09-1.88)  
   Family structure (vs. Two-parent family)   0.007  0.006 
     Blended family  1.73 (1.23-2.43)  1.74 (1.23-2.44)  
     Single-parent family  1.06 (0.82-1.37)  1.06 (0.82-1.37)  
   Family Affluence Scale (vs. High)   0.36  0.34 
     Middle  0.97 (0.73-1.28)  0.98 (0.74-1.31)  
     Low  1.24 (0.81-1.90)  1.27 (0.82-1.97)  
   Perceived family wealth (vs. Very well off)   0.92  0.93 
     Quite well off  1.13 (0.80-1.59)  1.12 (0.79-1.58)  
     Average  1.08 (0.73-1.59)  1.06 (0.72-1.57)  
     Not so/at all well off  1.10 (0.66-1.83)  1.09 (0.65-1.81)  
   Parental working status (vs. Both working)   0.27  0.30 
     One working parent  1.03 (0.80-1.32)  1.03 (0.80-1.33)  
     No working parent  0.72 (0.47-1.11)  0.74 (0.48-1.14)  
   Parental level of education (vs. Post-secondary)   0.41  0.51 
     Secondary or lower  0.86 (0.66-1.11)  0.88 (0.67-1.15)  
     Undetermined  1.09 (0.67-1.76)  1.12 (0.69-1.81)  
   Migration Status (vs. Natives)   0.38  0.45 
     Second-generation immigrants  0.89 (0.67-1.76)  0.90 (0.69-1.18)  
     First-generation immigrants  0.80 (0.58-1.10)  0.81 (0.58-1.12)  
School-level variables      
   School socioeconomic index and proportion of 

immigrants (vs. high SEI, low MIG) 
    0.87 

     Medium SEI, low MIG    1.04 (0.71-1.51)  
     POOR (%)    0.0%  
     Medium SEI, middle MIG    1.03 (0.74-1.44)  
     POOR (%)    0.0%  
     Low SEI, low or middle MIG    0.84 (0.57-1.24)  
     POOR (%)    0.0%  
     Low SEI, high MIG    0.93 (0.66-1.32)  
     POOR (%)    0.0%  
      
   Intercept  0.48 (0.43-0.53) 0.49 (0.33-0.72)  0.48 (0.32-0.71)  
      
   Variance of random effects 0.00 0.00  0.00  
   Corrected variance of random effects� - 0.00  0.00  
      
Measures of components of variance and 
heterogeneity 

     

   PCV Reference -  -  
   VPC 0.000 0.000  0.000  
   MOR 1.00 1.00  1.00  

POOR: proportion of odds ratios in the opposite direction; PCV: proportional change of the variance; VPC: variance partition 
coefficient; MOR: median odds ratio. Significant school effect in bold. Model 1: school-specific random effects; model 2: model 
1 adjusted on individual-level variables; model 3: model 2 adjusted on school-level variables  
� Scale correction factor= 0.981986 
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Table R-3. Multilevel logistic regressions for water consumption (ref: daily consumption) (n= 1,603). 2018 

HBSC in French-speaking Belgium. 

 Model 1 Model 2 Model 3 
  ORa (95% CI) P value ORa (95% CI) P value 
Individual-level variables      
   Gender (vs. Girls)   0.22  0.25 
     Boys  0.81 (0.57-1.14)  0.82 (0.58-1.16)  
   Age group (vs. <14 years old)   0.98  0.88 
     15-16 years old  0.96 (0.62-1.50)  0.91 (0.59-1.42)  
     17-20 years old  0.99 (0.64-1.53)  0.90 (0.58-1.39)  
   Family structure (vs. Two-parent family)   0.007  0.004 
     Blended family  1.80 (1.11-3.21)  1.95 (1.15-3.32)  
     Single-parent family  1.72 (1.17-2.53)  1.76 (1.20-2.60)  
   Family Affluence Scale (vs. High)   0.18  0.37 
     Middle  1.60 (0.92-2.76)  1.45 (0.83-2.54)  
     Low  1.87 (0.93-3.77)  1.63 (0.80-3.32)  
   Perceived family wealth (vs. Very well off)   0.43  0.56 
     Quite well off  0.63 (0.37-1.10)  0.68 (0.39-1.18)  
     Average  0.71 (0.39-1.27)  0.76 (0.42-1.37)  
     Not so/at all well off  0.78 (0.39-1.27)  0.83 (0.40-1.72)  
   Parental working status (vs. Both working)   0.75  0.85 
     One working parent  1.10 (0.74-1.63)  1.07 (0.72-1.59)  
     No working parent  1.23 (0.70-2.19)  1.18 (0.66-2.09)  
   Parental level of education (vs. Post-secondary)   0.006  0.03 
     Secondary or lower  1.83 (1.24-2.71)  1.66 (1.11-2.47)  
     Undetermined  0.95 (0.43-2.14)  0.90 (0.40-2.03)  
   Migration Status (vs. Natives)   0.85  0.96 
     Second-generation immigrants  1.07 (0.68-1.69)  0.99 (0.62-1.57)  
     First-generation immigrants  1.16 (0.69-1.96)  1.05 (0.62-1.79)  
School-level variables      
   School socioeconomic index and proportion of 

immigrants (vs. high SEI, low MIG) 
    0.21 

     Medium SEI, low MIG    0.85 (0.39-1.83)  
     POOR (%)    23.5%  
     Medium SEI, middle MIG    1.71 (0.98-3.00)  
     POOR (%)    10.5%  
     Low SEI, low or middle MIG    1.55 (0.84-2.87)  
     POOR (%)    29.3%  
     Low SEI, high MIG    1.67 (0.94-2.97)  
     POOR (%)    1.4%  
      
   Intercept  0.11 (0.09-0.14) 0.06 (0.03-0.13)  0.06 (0.03-0.11)  
      
   Variance of random effects 0.22 0.07  0.03  
   Corrected variance of random effects� - 0.06  0.03  
      
Measures of components of variance and 
heterogeneity 

     

   PCV Reference 72.3%  88.7%  
   VPC 0.063 0.020  0.008  
   MOR 1.57 1.28  1.17  

POOR: proportion of odds ratios in the opposite direction; PCV: proportional change of the variance; VPC: variance partition 
coefficient; MOR: median odds ratio. Significant school effect in bold. Model 1: school-specific random effects; model 2: model 
1 adjusted on individual-level variables; model 3: model 2 adjusted on school-level variables  
� Scale correction factor= 0.963357 
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Table R-4. Multilevel logistic regressions for sugar-sweetened beverages consumption (ref: non-daily 

consumption) (n= 1,603). 2018 HBSC in French-speaking Belgium. 

 Model 1 Model 2 Model 3 
  ORa (95% CI) P value ORa (95% CI) P value 
Individual-level variables      
   Gender (vs. Girls)   0.05  0.06 
     Boys  1.40 (1.11-1.77)  1.39 (1.10-1.75)  
   Age group (vs. <14 years old)   0.10  0.04 
     15-16 years old  1.15 (0.86-1.55)  1.11 (0.83-1.49)  
     17-20 years old  0.84 (0.62-1.14)  0.78 (0.58-1.05)  
   Family structure (vs. Two-parent family)   0.56  0.69 
     Blended family  0.90 (0.61-1.34)  0.94 (0.64-1.40)  
     Single-parent family  0.86 (0.65-1.14)  0.89 (0.67-1.17)  
   Family Affluence Scale (vs. High)   0.05  0.11 
     Middle  1.54 (1.08-2.18)  1.45 (1.02-2.04)  
     Low  1.58 (0.97-2.56)  1.38 (0.85-2.22)  
   Perceived family wealth (vs. Very well off)   0.24  0.34 
     Quite well off  0.68 (0.47-0.99)  0.72 (0.50-1.04)  
     Average  0.76 (0.51-1.15)  0.81 (0.54-1.22)  
     Not so/at all well off  0.72 (0.42-1.22)  0.75 (0.44-1.28)  
   Parental working status (vs. Both working)   0.03  0.08 
     One working parent  1.34 (1.02-1.76)  1.28 (0.98-1.67)  
     No working parent  1.62 (1.07-2.46)  1.50 (0.99-2.26)  
   Parental level of education (vs. Post-secondary)   0.04  0.16 
     Secondary or lower  1.44 (1.09-1.90)  1.30 (0.99-1.72)  
     Undetermined  1.14 (0.69-1.88)  1.08 (0.66-1.79)  
   Migration Status (vs. Natives)   0.08  0.02 
     Second-generation immigrants  0.84 (0.62-1.13)  0.80 (0.59-1.08)  
     First-generation immigrants  0.66 (0.45-0.95)  0.60 (0.42-0.87)  
School-level variables      
   School socioeconomic index and proportion of 

immigrants (vs. high SEI, low MIG) 
    <0.001 

     Medium SEI, low MIG    1.48 (0.93-2.35)  
     POOR (%)    0.7%  
     Medium SEI, middle MIG    2.52 (1.72-3.70)  
     POOR (%)    0.0%  
     Low SEI, low or middle MIG    3.86 (2.53-5.89)  
     POOR (%)    0.0%  
     Low SEI, high MIG    3.13 (2.13-4.61)  
     POOR (%)    0.0%  
      
   Intercept  0.46 (0.36-0.60) 0.35 (0.20-0.60)  0.19 (0.12-0.30)  
      
   Variance of random effects 0.38 0.26  0.01  
   Corrected variance of random effects� - 0.25  0.01  
      
Measures of components of variance and 
heterogeneity 

     

   PCV Reference 32.6%  96.9%  
   VPC 0.103 0.074  0.004  
   MOR 1.80 1.63  1.11  

POOR: proportion of odds ratios in the opposite direction; PCV: proportional change of the variance; VPC: variance partition 
coefficient; MOR: median odds ratio. Significant school effect in bold. Model 1: school-specific random effects; model 2: model 
1 adjusted on individual-level variables; model 3: model 2 adjusted on school-level variables  
� Scale correction factor= 0.981762 

 


