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Background

Early childhood is a critical period for the development of eating habits, because taste 
preferences and dietary behaviors are shaped during this period and are suggested to 
track into adulthood 1,2. In addition, adequate dietary intake in all phases of childhood is 
essential for optimal growth, development, and health, not only in childhood, but also 
in later life 3-5. It has been shown that the origins of several chronic diseases, including 
type 2 diabetes and cardiovascular diseases, which are nowadays the leading causes of 
mortality worldwide, lies in childhood 6,7. Several studies have shown that potential risk 
factors for these diseases, including obesity, hyperlipidemia, and high blood pressure, 
already occur in childhood 6-9, and may track into adulthood 10-12. Also other diseases 
with a high burden in the general population, including osteoporosis, and atopic dis-
eases, have been shown to originate in childhood 6,13,14. Early‐life nutrition has been 
suggested to play an important role in setting the risk of several health outcomes in 
later life, including coronary heart disease, type 2 diabetes, osteoporosis, and asthma 
3-5. Therefore, nutrition in early life should be a key target in the prevention of chronic 
diseases and maintenance of health throughout the life course.

This thesis focuses on the relation of diet with health conditions that are highly 
prevalent already in childhood, including adiposity, other cardiometabolic markers, and 
atopic diseases. These health conditions are important public health problems, with a 
large increase in prevalence in recent decades. Also, these problems already occur in 
childhood and are suggested to track into adulthood. Hence, it is of high importance to 
identify modifiable risk factors – such as diet – in order to start prevention at an early 
stage.

Dietary patterns

Although intake of several single nutrients or foods in childhood has been linked to 
health, children consume a variety of nutrients and foods combined in meals rather than 
single nutrients or foods. The combination of nutrients and foods in meals may capture 
complex synergistic or interaction effects of nutrients and foods, food structure, or prep-
aration methods on health. Over the past few decades, analysis of dietary patterns has 
emerged as an important research field, complementary to studies focusing on single 
dietary compounds 15,16. Well-known dietary patterns include the Mediterranean diet, 
characterized by high intakes of fruit, vegetables, and fish, and low intakes of red meat; 
and the Western diet, characterized by high intakes of energy-dense, high-processed 
foods, and low intakes of fruit and vegetables. Dietary patterns may better capture the 
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complex interactions between nutrients and foods, which may give better insights on 
the effects of overall diet on health.

Two main approaches to study dietary patterns can be distinguished, namely data-
driven or predefined. Data-driven dietary patterns are identified based on the variation 
of dietary intake data within a study population, whereas predefined dietary patterns 
are constructed based on specific dietary guidelines or recommendations 15. Dietary 
guidelines are often country specific because of different eating habits 17. Most dietary 
guidelines combine recommendations for both foods and individual nutrients. The 
current dietary guidelines in the Netherlands are unique in the sense that they are 
completely food-based, which might be easier to link to real-life foods for the general 
population. Although the Dutch dietary guidelines are based on extensive previous 
research on nutrients, foods, and dietary patterns in relation to specific diseases, the 
association of adherence to these overall dietary guidelines with health outcomes has 
not yet been evaluated. In addition, these dietary guidelines were developed to prevent 
the most common diseases in the general population, and the effects of adherence to 
these guidelines on health in childhood has not yet been studied.

Body composition and cardiometabolic health

Childhood obesity is a rising public health problem worldwide, which causes serious 
health problems both in childhood as well as later in life 18,19. Estimates suggest that 
currently, 15% of children in the Netherlands has overweight or obesity 20; in South-
European countries, estimates of childhood overweight and obesity prevalence even 
reach 40% 21. Childhood obesity impacts children’s health and quality of life, by causing 
for example fractures, asthma, and poor self-esteem. In addition, children with obesity 
are likely to remain obese as adults and are at risk of chronic diseases. Obesity is also 
strongly related to cardiometabolic health in childhood; e.g., variations in blood lipids, 
blood pressure, and insulin resistance are already influence by obesity in childhood 19. 
These cardiometabolic risk factors have been shown to track from childhood to adult-
hood 14,22 and thereby increasing the risk of coronary heart diseases, type 2 diabetes, 
and premature death 7,18,23. Poor diet in childhood is one of the fundamental causes of 
childhood obesity and other cardiometabolic markers24, and should therefore be a key 
target in the prevention of developing these cardiometabolic risk factors in childhood 
and later life. Hence, it is essential to gain knowledge about dietary factors that may 
influence obesity and cardiometabolic health in childhood, which is of high importance 
for early prevention of chronic diseases. Previous studies that examined the associations 
of dietary intake with obesity in children mainly focused on body mass index (BMI) as an 
outcome measure. However, especially in growing children, the use of a general mea-
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sure like BMI is not an adequate measure of body fatness, as body mass includes both fat 
mass as well as lean mass and bone mass 25,26. Increased BMI may be caused by increased 
fat mass or increased lean mass, or both 27. Therefore, it is important to consider both of 
these as potential obesity-related outcomes.

Atopic diseases

Another disease that is already highly prevalent in childhood are atopic diseases, such as 
eczema, asthma, and food allergy. The prevalence of childhood atopic diseases has rapidly 
increased in recent decades 28-30. These diseases have a substantial impact on the quality 
of life of those affected. Genetic background is one of the factors associated with risk of 
atopic diseases, but given the rapid increase in prevalence, environmental risk factors, 
including geographic area and lifestyle factors may play a substantial role in the develop-
ment of allergies and other atopic diseases 30,31. Early-life nutrition is an important modifi-
able lifestyle factor that affects the maturation process of a child’s immune system, and 
has therefore often been hypothesized to influence the development of atopic diseases.

There has been great interest in the role of early-life dietary exposures in the develop-
ment of atopic diseases. Previous studies have examined several nutritional aspects, 
including the avoidance of several allergenic foods during pregnancy or lactation 32, 
timing of introduction of highly allergenic foods 33, exclusive and/or longer duration of 
breastfeeding 34,35, probiotics and prebiotics 36-38, and supplements such as fatty acids 39,40 
or vitamin D 41. However, evidence for an effect of these nutritional interventions remain 
inconsistent. In addition, these nutritional factors may also represent an overall dietary 
pattern. Nevertheless, the role of overall diet quality in childhood in the development of 
atopic diseases remains unclear.
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This thesis

Objectives

The aims of this thesis were to evaluate overall diet quality in childhood, to study its 
determinants, and to examine its associations with body composition, cardiometabolic 
health, and atopic diseases (Figure 1.1).

Study populations

The studies in this thesis were embedded in three population-based cohort studies: the 
Generation R Study, the ABCD Study, and the Rhea Study.

Generation R Study
The Generation R Study is an ongoing population-based prospective cohort from fetal 
life onward in Rotterdam, the Netherlands 42. Pregnant women with a delivery date 
between April 2002 and January 2006 were invited to participate in the study. The Gen-
eration R Study is designed to identify early environmental and genetic causes of normal 
and abnormal growth, development, and health from fetal life until young adulthood. In 
total, 9,778 women were included in the study and 7,893 children were enrolled in early 
childhood. During pregnancy, physical examinations were performed and question-
naires were used to obtain information on several sociodemographic and lifestyle fac-
tors, including diet. From birth onward, we obtained information on health and growth 
of the children from Child Health Centers and with questionnaires. Child food intake 
was assessed at two moments in childhood using food-frequency questionnaires (FFQ) 
which were specifically designed for that age group. At child’s ages of 6 and 10 years, 
they were invited to our dedicated research center at Erasmus University Medical Center 
for a detailed physical examination. We measured height and weight; and fat mass, fat-
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free mass, and bone mass were assessed using dual-energy X-ray absorptiometry (DXA). 
Additionally, blood pressure and serum concentrations of triacylglycerol, cholesterol, 
and insulin were measured. At the age of 10 years, skin prick tests were performed to 
examine sensitization to several inhalant and food allergens.

ABCD Study
The Amsterdam Born Children and their Development (ABCD) Study is an ongoing 
prospective population-based cohort study in Amsterdam, the Netherlands 43. Between 
January 2003 and March 2004, all pregnant women living in Amsterdam were invited to 
participate. This large prospective population-based cohort study examines the associa-
tions between maternal lifestyle, medical, psychosocial and environmental conditions 
during pregnancy and children’s health at birth as well as in later life. Of the 12,373 
women approached, 8,266 women were enrolled in the study, and 7,995 children par-
ticipated at birth. Around the children’s age of 6 years, an FFQ was used to assess diet 
in childhood. In addition, questionnaires were used to obtain information on socioeco-
nomic and lifestyle factors of the participants. Growth of the children were measured 
at their ages of 6 and 12 years at our research center. In addition, detailed measures of 
body composition were assessed using bioelectrical impedance analysis (BIA).

Rhea Study
The Rhea Study (The Mother-Child Cohort) is an ongoing prospective population-based 
cohort on the island of Crete, Greece 44. This cohort included a representative sample of 
mother-child pairs from early pregnancy and aims to follow them up to young adulthood. 
One of the general objectives of the study is to characterize nutritional, environmental, 
and psychosocial determinants of children’s growth and development. A total of 1,610 
pregnant women were enrolled in the study between 2007 and 2008 and 1,363 live 
born children were available for follow-up. Dietary data was collected at child’s age of 4 
years using an FFQ. Information of sociodemographic and lifestyle factors was obtained 
using questionnaires. Data on height, weight, and waist circumference were repeatedly 
collected in early childhood. Blood samples were obtained to determine concentrations 
of leptin and adiponectin at the age of 4 years and of total, LDL, and HDL-cholesterol, 
and triglycerides at the ages of 4 and 6 years. Systolic and diastolic blood pressure of 
the children were measured at both time points. In addition, at the age of 6 years, body 
composition of the children was measured using BIA.

Outline

Chapter 2 of this thesis focuses on overall diet in early childhood. Chapters 2.1 and 
2.2 describe parental feeding-related determinants of diet quality in early childhood, 
including maternal history of eating disorders (Chapter 2.1) and feeding practices (Chap-
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ter 2.2). Chapter 2.3 focuses on dietary taste patterns in the diet of young children. In 
chapter 2.4, we evaluated overall diet quality in school-age children in the Generation 
R Study, its socioeconomic and lifestyle determinants, and its relation with diet quality 
in early childhood.

Chapter 3 focuses on diet quality in childhood in relation to children’s body composi-
tion and cardiometabolic health. Chapters 3.1 and 3.2 describe our research on diet 
quality in relation to growth and body composition in the Generation R Study (Chapter 
3.1) and the ABCD Study (Chapter 3.2). Chapter 3.3 presents results on the associations 
of diet quality with bone health in childhood. Chapters 3.4 and 3.5 describe associa-
tions of diet quality with cardiometabolic health in children in the Generation R Study 
(Chapter 3.4) and the Rhea Study (Chapter 3.5).

Chapter 4 focuses on diet and atopic diseases in childhood. In Chapter 4.1, associa-
tions of diet quality at different time points in childhood with allergic sensitization and 
atopic diseases in the Generation R Study are presented. Chapter 4.2 provides an over-
view of the current scientific literature on the effects of dietary interventions in the first 
2 years of life on the development of atopic diseases. 

Chapter 5 provides on overview of the main findings from all studies described in 
this thesis. In this chapter, major strengths and limitations as well as implications and 
recommendations for future studies are discussed.
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