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Background

Adequate nutrition in childhood is essential for optimal growth and development in both child-
hood and later life (1). Unhealthy diets in childhood increase the risk of noncommunicable diseases
(e.g. cardiovascular disease, diabetes or musculoskeletal disorders) (2, 3), poorer mental health and
lower learning abilities (4). In addition to that, unhealthy diets are also a risk factor for suboptimal
weight development (5-7). The prevalence of overweight and obesity is rising in the majority of the
countries within the WHO European Region (8). In many high-income countries, prevalence of over-
weight is higher in children originating from low- and middle-income countries (9-12) or when the
parents had a lower socioeconomic position (SEP) (8, 13-16). These differences between groups are
already present early in life (11, 17, 18). Obesity in childhood tracks into adolescence (19, 20) and
later into adulthood (21, 22) and this process is even more pronounced in children originating from
low- and middle-income countries and in groups with a lower socioeconomic position. Concurrently,
there is evidence for a growing prevalence of underweight in higher SEP children originated from
high-income countries (23-25). Although it is not clear how important this trend is for clinical practice,
both underweight and overweight/obesity are a risk factor for health problems at young age and later
in life (27-32). Therefore it is important to develop healthy eating habits from early childhood and
focus on optimal weight development (33).

Dietary patterns

Intake of foods tends to cluster and therefore studying dietary patterns may better capture the totality
of the diet then single foods or nutrients (34, 35). Dutch and other national dietary guidelines made
a shift from focusing on intake of single nutrients to a more food-based dietary guideline (36). The
current Dutch Dietary Guidelines are translated at the level of foods and food patterns and are in line
with dietary patterns that have been associated with health benefits such as Mediterranean diet, the
‘Dietary Approaches to Stop Hypertension’ (DASH-) diet and a vegetarian diet (37). Overall, these
dietary patterns include high intakes of plant-based staple foods such as vegetables, fruit, whole-
grain products, nuts, legumes, low-fat dairy products and fish; and low intakes of animal-based foods
such as red or processed meat, full-fat dairy products, hard fats, salt or drinks or products with added
sugar (37). Despite these recommendations, children consume more often Western dietary patterns
that are characterized by high intakes of energy-dense, high-processed foods and low intakes of
fruit and vegetables (38-40). And these ultra-processed foods are associated with adverse health
outcomes as cardio-metabolic risks (41-43), asthma (42, 44) and increased body fatness (41, 45-47)
in children and adolescents. Dietary patterns that are once established in childhood, may track into
mid-childhood (48), adolescence (49-53) and adulthood (53, 54). Therefore it is of extra importance
to develop healthy dietary patterns from early childhood. By identifying the most relevant determi-
nants of these dietary patterns, public health care professionals will be able to use this information
in interventions to possibly target children at risk for unhealthy dietary patterns from early childhood.
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Role of ethnicity and socioeconomic position

Although dietary patterns are population specific (55, 56), there is limited evidence about ethnic
differences in dietary patterns in young children. Few studies described ethnic differences in die-
tary patterns in pre-school children and findings are mixed. These studies observed that children
originating from low- and middle-income countries consumed unhealthy dietary patterns more often
(7, 57), healthy dietary patterns less often (7) but also consumption of both a healthy and a unhealthy
dietary pattern are observed (58, 59). In Europe, the Avon Longitudinal Study of Parents and Children
(ALSPAC) cohort divided the study population into white and non-white ethnicity and observed that
a 'junk’ pattern was related to white ethnicity at age 4 and 7 (60) a healthy pattern was related with
non-white ethnicity at age 2 (61). However the distinction between ethnic groups as white/non-white
does not do justice to the diversity of ethnicities in Europe. Based on earlier food consumption data
in the Netherlands and studies among adults, we expect to observe differences in dietary intake
between ethnic groups (62-64).

Socioeconomic differences in dietary patterns in children have frequently been described (57, 65-70).
A number of studies described that lower maternal education is associated with unhealthy dietary
patterns in children (57, 65, 66, 69, 71, 55, 60). Maternal education is an important determinant of
children’s diet (72-74) and consequently most literature focuses on the role of maternal education as
a proxy for SEP. SEP however, is a multidimensional construct (75, 76) and in children, SEP impacts
well-being at multiple levels, including individual and neighbourhood level (75, 76). Besides the
existing literature about the role of maternal education, there has been less consideration of how
other SEP factors influence dietary patterns in young children. On an individual level, paternal educa-
tion can be linked to dietary patterns through knowledge and attitudes but its role in children’s diets
may reflect gender roles (72). Additionally, household finance, may be indicative of the potential to
purchase a healthy diet (77, 78). At neighbourhood level, there is evidence that individuals living in
low-income neighbourhoods are subject to a greater degree of food advertising (79), have greater
accessibility to unhealthy food establishments and have lower accessibility to healthy food stores
(77, 80). At the same time, there is evidence that the importance of dietary costs for dietary quality
differs between ethnic (81) and SEP groups (81, 82).

In recent decades, European populations have become increasingly ethnically diverse (83, 84) and
children originating from low- and middle-income countries are often disproportionately represented
in lower SEP groups (83, 85). For this reason, ethnicity and SEP cannot be studied separately from
each other. The prevalence of childhood obesity is not only unevenly distributed across ethnicity and
SEP, it is also unevenly distributed across neighbourhoods (86). This can be related to ethnic and
individual socioeconomic factors of residents in the neighbourhood, but also possible related to
neighbourhood SES factors which reflect the food environment by the type of foods that are availa-
ble (79, 87) and advertisements that are present (86). And one may argue to which extent observed
ethnic differences in dietary patterns in children are also driven by socioeconomic factors (58). So it is
of importance to study the role of both ethnicity and different levels of SEP in dietary patterns, and
identify groups at higher risk of unhealthy dietary patterns.
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Textbox 1: Terminology of ethnicity

Ethnicity

In this thesis we focus on ethnicity in its role as a cultural determinant of health and dietary
patterns. Ethnicity encompasses a broad range of characteristics, including shared origins,
cultural traditions, common sense of identity, language or religious tradition and links to a
particular geographic region. In this dissertation we have used a number of different terms to
designate ethnicity. In Chapters 2, 4 and 6, we have used the terms: ethnic minority groups,
non-native groups, non-western origin and non-native ethnicities. In the general introduction
and discussion of this thesis we instead used the terms: children originating from low- and
middle-income countries, Dutch, African Surinamese, Turkish or Moroccan children, children

from Dutch, non-Dutch, African Surinamese, Turkish or Moroccan origin.

Surinamese children

The majority of Surinamese children are of either African or South (East) Asian origin. The African
Surinamese group has a mixed African and European ancestry, the South Asian group originated
from the Indian sub-continent and the South East Asian group originated from southern Asian
countries as for example Indonesia. In this thesis we include Surinamese children of African
origin, thus, in Chapter 2 where we include the group ‘Surinamese children” we are referring to
African Surinamese. In Chapter 4,6, and the general introduction and discussion of this thesis,

we chose to identify the group more specific by using the term ‘African Surinamese’ descent.
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Textbox 2: Terminology of socioeconomic position

The term socioeconomic position (SEP) indicates the extent to which a person has access to
resources and opportunities, and how this affects living conditions and health. It is usually based
on determinants at individual level, such as educational level, income and occupation which
relate to different underlying causal mechanisms. In children, SEP impacts well-being at multiple
levels, including individual and neighbourhood level. In this thesis, we included maternal educa-
tion level, paternal education level, and the level of household finance as socioeconomic deter-
minants at individual level. We have also included neighbourhood socioeconomic status (SES) as
an determinant at neighbourhood level, which is assessed based on a composite score including

educational level, household income and employment status of residents per postal code.

In Chapters 2, 3, 4 and 6, we have used the previously more common term socioeconomic
status (SES) instead of the term SEP. SES however describes the position of a person, usually
at determinants as educational level, income and occupation, which however can also reflect a
value judgment. In the general introduction and discussion of this thesis we used the terms SEP

instead of SES.
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Dietary patterns and BMI and body composition

A number of studies have observed cross-sectional or longitudinal associations between dietary
patterns and Body Mass Index (BMI) or body composition in children in Western European countries
(50, 88-95). In general, dietary patterns containing of ‘obesogenic foods' (including energy-dense and
low-fiber ultra-processed foods, fatty cheeses, sugary drinks, processed foods, fast food, candies,
snacks, cakes, animal products, whole milk, and refined grains) were associated with higher risk of
becoming overweight in children and adolescents. While dietary patterns containing 'healthy foods’
(including low levels of sugar and fat and high levels of fruits, vegetables, whole grains, fish, nuts,
legumes, and yogurt) showed the weakest association with the risk of becoming overweight or obese
(6, 89, 90, 94, 96). Although it is convincing that there is an association between dietary patterns
and weight and weight development in young children, the evidence in the existing literature is
not straightforward as illustrated by studies that indicate counterintuitive results (92, 95). Body mass
includes both fat mass as well as lean mass and bone mass (97, 98). Increased BMI may be caused by
increased fat mass or increased lean mass, or both (99). Given the observed mixed associations, it is
essential to gain knowledge about the role of dietary patterns in weight development, and also to
study measures of body composition as Fat Mass (FM) and Fat Free Mass (FFM) in this association.
Furthermore, it is essential to study if these dietary patterns are relevant for ethnic and SEP subgroups
among children.

Aims

Exploring the potential ethnic and socioeconomic differences in dietary patterns in young children
and associations with weight development, may provide new and more specific insight for public
healthcare professionals to identify groups with unhealthy dietary patterns in order to contribute to
the prevention of childhood overweight.

Research questions

The research in this thesis aims to define dietary patterns at age 5 using three different methods.
And examine associations with ethnicity, socioeconomic determinants, longitudinal BMI and body
composition. The following research questions will be addressed in this thesis (Figure 1.1), using data
from the Amsterdam Born Children and their Development (ABCD) study (100):
1. Which dietary patterns can be defined in 5 year old children?
a. Inan aposteriori derived method (Chapter 2)
b. Inan a priori derived method (Chapter 5)
c.  Inahybrid method (Chapter 6)
2. Which ethnic and socioeconomic determinants are associated with the derived dietary patterns?
(Chapters 2, 3 and 5)
3. To which extent are the derived dietary patterns associated with longitudinal BMI and measures
of body composition? (Chapters 4, 5 and 6)
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Dietary patterns at age 5

Ethnic and socioeconomic a posteriori derived method BMI and body composition at age

A
\4

determinants = a priori derived method 5,10and 12

a hybrid method

2003 2004 2008 2009 2015 2016

FAsE 1 FASE 2 FASE 3 FASE 4

ZWANGERSCHAP GEBOORTE 5 JAAR OUD 11 JAAR OUD
Research question 2 Research question 1 Research question 3
Chapters 2, 3and 5 Chapters 2, 5 and 6 Chapters 4, 5and 6

Figure 1.1: The associations investigated in this thesis: In research question 1, dietary patterns are derived using three different
methods. Research question 2 addresses the association between ethnicity, socioeconomic determinants and the derived dietary
patterns are investigated. In research question 3, the association between the derived dietary patterns and longitudinal BMI and

measures of body composition are described.

Chapter 2 of this thesis describes dietary patterns in children using the a posteriori Principal
Component Analyses (PCA) and the association with ethnicity and SEP. Chapter 3 focuses on the
socioeconomic determinants of the PCA-derived so called snacking pattern. Chapter 4 describes
weight development between age 5 and 10 years and its association with all PCA-derived dietary
patterns. In Chapter 5, an a priori method (diet quality score) was used to determine diet quality and
associations with longitudinal BMI and body composition between age 5 and 10. And finally Chapter
6 describes the use of a hybrid method Reduced Rank Regression (RRR) to derive dietary patterns
that are related to BMI and body composition, and the association with longitudinal BMI and body
composition.
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Methods and design

The Amsterdam born children and their development (ABCD) study

Textbox 3: Study design and population

The ABCD-study is a multi-ethnic population based, prospective, ongoing longitudinal birth
cohort (http://www.abcd-study.nl/). The aim of the ABCD-study was to determine early-life
factors that might explain differences in health between children from different groups in later
life. Between January 2003 and March 2004, all pregnant women living in Amsterdam, the
Netherlands, were invited to participate in the ABCD cohort by their obstetric care provider at
their first parental care visit. Of the 12,373 women approached, 8,266 women filled out a preg-
nancy questionnaire. When the children turned 5 years of age, the addresses of 6,161 mothers
were retrieved from the Youth Health Care registry of the Public Health Service Amsterdam.
A 5-year questionnaire was sent to the woman's home address and 4,488 questionnaires were
filled out by the mothers. These woman's received a invitation for a health check of their child
which was completed by 3,321 children. Also, a self-administered Food Frequency Questionnaire
(FFQ) was send out. A number of 2,851 mothers returned the FFQ. At age 10, an invitation
was sent for a regular preventive health check of the child, arranged by the Youth Health Care
Department of the Public Health Service Amsterdam, carried out at their primary school. At age
12, an invitation was sent for a another health check of the child within the framework of the

ABCD study, which was conducted by a team of trained researchers (Figure 1.2).
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Pregnant women approached

n=12373

Pregnancy questionnaires returned
n=8 266
n=132 excluded due to multiple
pregnancy, n=92 due to a miscarriage
or fetal death, n=179 lost to follow-up
Live-born singleton infants
n=7 863
n=1 128 excluded due to no permis-
sion for follow-up, n=574 excluded
due to lost to follow-up
Approached for follow-up at age 5
n=6161

n=1 673 excluded due to non-re-

sponse
5-year questionnaires returned
n=4488
Attended 5-y health check FFQs returned n=2 851 Valid FFQ's n=2 782
n=3 321

Attended 10-y preventive health
check
n=2 268

Figure 1.2: Inclusion of the participants in this thesis.

Assessment of dietary patterns

Dietary intake was assessed using a semi-quantitative FFQ which was developed by TNO Food (Zeist,
The Netherlands) and was validated for energy intake against the doubly labelled water method
(101). This FFQ was filled out by the mother of the child and included questions on food items, fre-
quency of consumption, portion sizes, and type of products consumed, covering the last 4 weeks.
Based on the data clearance protocol developed by TNO Food, the returned FFQs were scanned
and the data on amounts (g/day) of products consumed and intake of energy was calculated using
the Dutch Food Composition Database (NEVO) 2010 (102).
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Generally a data-driven method (a posteriori), a hypothesis-driven method (a priori) or a combina-
tion with these two methods have been used to describe dietary patterns in children (67). The first
method to derive dietary patterns was the a posteriori method PCA. PCA is a data-driven method
that derives dietary patterns based on the correlations between consumed food items. PCA tends
to explain as much variation in dietary intake as possible, and can therefore represent actual dietary
habits in a study population. Food items, including different type of products, were reduced to 41
food groups, based on nutritional value and culinary use. In this thesis, we were interested in the
effect of dietary quality independent of its energy content and adjusted for total energy intake using
the nutrient residual method (103, 104). Standardized energy adjusted intake (g/d) of the 41 food
groups were used in the PCA analysis with varimax rotation. Secondly, we applied the a priori diet
quality score. Assessing a diet quality score is an example of a hypothesis-driven method, in which
prior knowledge in the form of specific dietary guidelines or recommendations is used to define an
individual score that reflects the dietary intake compared to the guideline or recommendation. In
this thesis, we applied a previously developed predefined diet quality score for school-age children
(105), which quantified adherence to the Dutch Dietary Guidelines for children at age 5 (37). Although
PCA derived dietary patterns and a diet score both reflect several advantages, these methods do not
include specific health related information of the study population. Therefore Reduced Rank Regres-
sion (RRR) was used as a third method to derive dietary patterns. This method is combining both the
a posteriori and the a priori method, by deriving dietary patterns in an exploratory way but based on
a priori knowledge used in the selection of response variables that are thought to link dietary patterns
to disease risk (106). In this thesis, RRR was used to derive dietary patterns for the response variables
BMI z-score, FMI, and FFMI at age 5 and this analysis was conducted separately for each maternal
education level group. In line with the PCA analyses, the energy adjusted intake (g/d) of 41 composed
food groups were used to derive dietary patterns using the RRR method.

Assessment of BMI and measures of body composition

Data on height and weight were measured at age 5 and 12 during the ABCD 'health check’ and at
age 10 during the preventive Health Check at the children’s primary school. At age 5 and 12, they
were measured by a team of trained researchers according to standard protocols and at age 10
by a professional of the Youth Health Care Department of the Public Health Service Amsterdam.
Height and weight were converted to BMI scores [weight (kg) / height (m)2]. Age- and sex-specific
BMI cut-offs from the International Obesity Task Force (32, 107) were used to categorize the BMI
scores into underweight, normal weight and overweight/obesity. BMI scores were also converted to
age- and sex-specific BMI z-scores (SD scores), by comparison with the "World Health Organization
standards’ (108). Additionally, weight development in children is often defined by Body Mass Index
(BMI) as an outcome measure. However, especially in young children, the use of general measures like
BMI is not an adequate measure of body fatness, as body mass includes both fat mass (FM) as well
as fat free mass (FFM) consisting of lean mass and bone mass (97, 98). Increased BMI may be caused
by increased FM or increased FFM, or both (99). Therefore, it's important to consider both FM and
FFM as additional proxy’s for healthy weight development. At age 5 and 12, components of body
composition were measured during the ABCD 'health check’ were children were measured by a team
of trained researchers according to standard protocols. Fat Mass (FM) with arm-to-leg bioelectrical
impedance analysis (BIA) was measured (Bodystat 1500 MDD machine (Bodystat Inc, Douglas, UK)),
Fat Free Mass (FFM) was measured (weight(kg) - FM) and fat mass index (FMI) (fat mass (kg) / height
(m)2) and fat-free mass index (FFMI) (fat-free mass (kg) / height (m)2) were calculated.
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Abstract

Background

Health inequalities are already present at young age and tend to vary with ethnicity and
socioeconomic status (SES). Diet is a major determinant of overweight, and studying dietary patterns
as a whole in relation to overweight rather than single nutrients or foods has been suggested. We
derived dietary patterns at age 5 and determined whether ethnicity and SES were both related to
these dietary patterns.

Methods

We analysed 2769 validated Food Frequency Questionnaires filled in by mothers of children (5.7
+ 0.5y) in the Amsterdam Born Children and their Development (ABCD) cohort. Food items were
reduced to 41 food groups. Energy adjusted intake per food group (g/d) was used to derive dietary
patterns using Principal Component Analysis and children were given a pattern score for each dietary
pattern. We defined 5 ethnic groups (Dutch, Surinamese, Turkish, Moroccan, other ethnicities) and
3 SES groups (low, middle, high, based on maternal education). Multivariate ANOVA, with adjust-
ment for age, gender and maternal age, was used to test potential associations between ethnicity or
SES and dietary pattern scores. Post-hoc analyses with Bonferroni adjustment were used to examine
differences between groups.

Results

Principal Component Analysis identified 4 dietary patterns: a snacking, full-fat, meat and healthy
dietary pattern, explaining 21% of the variation in dietary intake. Ethnicity was related to the dietary
pattern scores (p < 0.01): non-Dutch children scored high on snacking and healthy pattern, whereas
Turkish children scored high on full-fat and Surinamese children on the meat pattern. SES was related
to the snacking, full-fat and meat patterns (p < 0.01): low SES children scored high on the snacking
and meat pattern and low on the full-fat pattern.

Conclusions
This study indicates that both ethnicity and SES are relevant for dietary patterns at age 5 and may

enable more specific nutrition education to specific ethnic and low socioeconomic status target
groups.
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Background

Health inequalities, such as the prevalence of overweight, are already present at a young age and
tend to vary on the basis of ethnicity and socioeconomic (SES) status [1-3]. Diet is a major determi-
nant of overweight [4-6], and studying dietary patterns as a whole in relation to overweight rather
than single nutrients or foods has been suggested [7-9]. Dietary patterns are population specific and
influenced by sociocultural factors and food availability [10, 11]. In recent decades, European popu-
lations have become increasingly ethnically diverse and ethnic minority groups are often dispropor-
tionate in lower SES groups [12]. The predominant ethnic minority groups, i.e. Turkish, Arabs (North
African and Middle Eastern), Berbers and Black Africans (Afro-Caribbean and others by descent), form
approximately 3% of the total European population, with the largest numbers in Western European
countries [13]. Non-native groups have less often completed higher education than native borns [14]
which makes observation of SES differences also of interest. Socioeconomic differences in dietary
patterns have been described in adults. In children, SES differences in dietary patterns has been
observed in several studies including 4 prospective birth cohorts in 3 countries in Europe, i.e. The
Avon Longitudinal Study of Parents and Children (ALSPAC) cohort, the EDEN mother-child cohort, the
Norwegian Mother and Child Cohort Study and the Southampton Women's Cohort Survey [15-23].
Data on ethnic differences in dietary patterns among children is limited [24]. To our knowledge, only
the ALSPAC cohort identified an association between ethnicity dividing the study population into
white and non-white ethnicity [18, 19]. However, the diversity of ethnic groups in Western Europe
is more pronounced and we expect to observe differences in dietary intake between ethnic groups
[25-27]. Exploring the potential ethnic diversity as well as socioeconomic differences in dietary pat-
terns in children may provide new and more specific insight for public healthcare professionals to
identify groups with poor dietary habits.

Therefore, the aim of the present study was to derive dietary patterns at age 5 in the multi-ethnic
Amsterdam Born Children and their Development (ABCD) cohort and to examine potential associa-
tions with either or both ethnicity and SES.

Methods

Study design and study population Data were used from the ABCD study, a large ongoing
community-based birth cohort (http://www.abcdstudy.nl/). The cohort study design has been
described previously [28]. Figure 2.1 shows the study procedure and inclusion in the current analysis.
In brief, between January 2003 and March 2004, all pregnant women living in Amsterdam were
invited to participate in the ABCD study by their obstetric care provider at their first prenatal care
visit. Of the 12,373 women approached, 8266 women filled out a pregnancy questionnaire that
covered socio-demographic characteristics, obstetric history, family history and lifestyle, which was
available in Dutch, English, Turkish and the Arabic language. When the children turned 5 years of
age, 4488 received a self-administered Food Frequency Questionnaire (FFQ) by post and a number
of 2851 mothers returned the FFQ. Based on a data clearance protocol set by TNO Food (Zeist, The
Netherlands), children were excluded from analysis with more than 50% missing per page or per
cluster of food items (n = 69). Finally, 13 children were excluded as years of education of the mother
was not available in the pregnancy questionnaire, resulting in 2769 children included in the present
analysis. Efforts to enhance participation among all women and children, regardless of ethnicity and
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education were done by using translated questionnaires and information leaflets. Also, women from
ethnic minority groups who did not respond within a month were approached by phone by trained
students who explained the study in the women's preferred language. Attrition in follow-up number
was largely attributable to untraceable changes in address or migration. This study was approved
by the institutional review committee of the Academic Medical Center, and the Registration Com-
mittee of Amsterdam. All of the participants gave written informed consent for themselves and their
children. The present study was conducted according to the guidelines laid down in the Declaration
of Helsinki.

Pregnant women approached

12373

Filled-out pregnancy questionnaires

8266

n=132 excluded due to multiple pregnancy, n=92 due to a miscarriage or fetal death
>
% and n=179 were lost to follow-up

Live-born singleton infants 7 863

n=1 128 excluded due to no permission for follow-up, n=574 excluded due to lost to

————»
% follow-up, n=1 673 excluded due to non-response and n=1 637 excluded due to no

implementation of FFQ at age 5 year

Filled-out FFQs 2 851

%;» n=69 excluded due to > 50% missing information on the FFQ and n=13 excluded

due to missing SES data

A number of 2 769 FFQ's were used

for the present analysis

Figure 2.1. Flowchart of the inclusion into the present study.

Dietary assessment

A validated 71-item FFQ, developed by TNO Food (Zeist, The Netherlands) was used [29]. Per food
item, consumption frequency, portion size and the type of product consumed over the last 4 weeks
was reported by the mother of the child. Frequency options were “never”, "less than once a week”,
"once a week”, "2-3 times a week”, “4-5 times a week”, and "“6-7 times a week”. Food items were
assessed in units (e.g. a piece of fruit and a slice of bread) and in household units (e.g. a glass and
a tablespoon). Intake of items such as breakfast cereals, vegetables or pasta were asked in standard
tablespoons which could give a reliable idea of the actual eaten portion size for children. Based on
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the data clearance protocol developed by TNO Food, the returned FFQs were scanned and the
data were checked for inconsistencies or extreme values. Impossible values were defined as por-
tion sizes larger than the maximum portion size consumed in the Dutch Food Consumption Survey
and were imputed by the mean. For example a maximum of 6 tablespoons of cooked vegetables
(180 g) per day was substituted when a higher amount was filled in. Frequencies and portion sizes
were converted into weights (g/day) of product consumed and intake of energy was calculated using
the Dutch Food Composition Database (NEVO) 2010 [30]. Each food item in the questionnaire was
linked with one or more foods from the Dutch Food Composition Database. In total, a number of 308
different NEVO codes were used for analysis. After calculation of the scanned FFQs, inconsistencies
in energy intake for those children with the 5% highest and 5% lowest intake of energy were checked
with the original FFQ. When the FFQ was filled in correctly, FFQ's of these children were not excluded
as we expect that these high or low energy intakes might reflect a realistic intake.

Assessment of ethnicity and socioeconomic status

Data on ethnicity and SES was collected via the pregnancy questionnaire, filled out by the mother
during the baseline measurements of the ABCD study. Five ethnic categories were formed: Dutch,
Surinamese, Turkish, Moroccan and other ethnicities (mainly non-western origin). We excluded
the Surinamese South Asians because of specific body composition and cardiometabolic risk [31].
Ethnicity was based on the country of birth of the pregnant woman and her mother including both
first-generation women (born outside the Netherlands) and second generation women (born in the
Netherlands but whose mother was born in another country). When the pregnant woman or her
mother were born in a country defined as 'none of the given options’: the participant’s self-registered
ethnic origin was used [32]. The pregnant women's education after primary school was defined in
years and considered as a proxy for SES. Low SES was defined as a maximum of 5 years post primary
education, middle SES as 6-10 years and high SES was defined as more than 10 years of post-primary
education [33].

Assessment of dietary patterns

Principal Component Analyses (PCA) with varimax rotation was used to derive dietary patterns. Food
items, including different type of products, were reduced to 41 food groups, based on nutritional value
and culinary use. The list with food groups and its type of products can be found in Supplemental
Table 2.1. Products such as ginger cake and raisins are often given to children as a healthy alternative
for biscuits or candy and were therefore assigned to the food group “healthy snacks”. Because we
were interested in the effect of dietary quality independent of its energy content, we adjusted total
energy intake using the nutrient residual method [34, 35]. Standardized energy adjusted intake (g/d)
of the 41 food groups were used in the PCA analysis. The number of components (dietary patterns)
retained was based on the scree plot [see Supplemental Figure 2.2], eigenvalues >1 and the interpret-
ability of the dietary patterns [36, 37]. Food groups with component loadings 0.3 were considered
important for interpretability of the dietary patterns. A larger absolute factor loading indicates
a higher positive or negative correlation between the food group and a given dietary pattern. The
patterns were named after the nature of the food groups with the highest component loadings within
each pattern. Individuals were given a pattern score for each pattern as a sum of the 41 standardized
food group intakes, each weighted according to their factor loading. Positive pattern scores indicate
higher consumption of food groups in that pattern.
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Statistical analysis

Statistical analyses were performed in SPSS version 22 for windows. Population characteristics were
described in percentages or means with standard deviations (SD), shown for the total population
and by ethnicity. Univariate and multivariate ANOVA was used to determine whether ethnicity and/or
SES were related to dietary patterns with the individual pattern score of each dietary pattern used as
continuous dependent variable and ethnicity or SES used as independent variables (Model 1; crude).
The association with ethnicity was additionally adjusted for SES (dummy) and the association with SES
was additionally adjusted for ethnicity (dummy) (Model 2). In the fully adjusted model (Model 3) the
association with ethnicity was adjusted for child’s age (y), gender, maternal age (y) and SES (dummy)
and the analysis with SES was adjusted for age (y), gender, maternal age (y) and ethnicity (dummy).
Mean + SE pattern scores were shown for each of the dietary patterns by ethnic and SES group
separately. Post-hoc analyses with Bonferroni adjustment was used to examine differences between
groups. Additionally, we tested for interaction by SES in the association between ethnicity and dietary
pattern scores. P < 0.01 was considered significant.

Results

Population characteristics

Characteristics of the study population, divided by ethnicity are shown in Table 2.1. Mean age of the
study population was 5.7 = 0.5 years and 51% of the population was boy. The percentage of children
from Dutch origin was 82.4%, followed by Surinamese (4.2%), Moroccan (4.1%), Turkish (2.2%) and
other ethnicities (7.1%). The majority of children (53.3%) belonged to the high SES, 35.4% to middle
SES and 11.3% to low SES group.

Table 2.1. Population characteristics in the ABCD cohort by ethnicity (n=2 769).

Population characteristics Total Dutch Surinamese Moroccan Turkish Other
population (n=2 283, (n=116,4.2%) | (n=112,4.1%) | (n=61, 2.2%) ethnicities
(n=2769) 82.4%) (n=197,7.1%)
Age, in year (Mean, SD) 5.7,0.5 5.7,0.5 5.8,0.5 6.0,0.6 5.9, 0.5 5.7,0.5
Boy, n (%) 1415(51.1) 1166 (51.1) 58 (50.0) 64 (57.1) 34 (55.7) 93(47.2)
Socioeconomic status, n (%)
Low 313 (11.3) 145 (6.4) 38(32.8) 48 (42.9) 33(54.1) 49 (24.9)
Middle 980 (35.4) 759 (33.2) 57 (49.1) 55 (49.1) 25 (41.0) 84 (42.6)
High 1476 (53.3) 1379 (60.4) 21(18.1) 9(8.0) 3(4.9 64 (32.5)
Maternal age (Mean, SD) 323,43 32.8,3.8 30.6,5.8 279,49 27.1,6.0 315,48

Ethnicity was based on the country of birth of the pregnant woman and her mother including both first-generation women and
second generation women. SES was based on maternal educational: low SES (< y), middle SES (6-10y) and high SES (>10y) post-

primary education.
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Dietary patterns

PCA identified 4 dietary patterns in this cohort explaining 20.8% of the variation of dietary intake,
according to the Rotated Sums of Squared Loadings. In Table 2.2, an overview of the component
loadings from >0.3 is shown per dietary pattern. The snacking pattern was mainly characterized by
high intakes of savoury snacks and refined breakfast products and low intakes of whole-grain break-
fast products. The full-fat pattern was characterized by high intakes of full-fat spreads and pasta
dishes and low intakes of low-fat spreads. The meat pattern was characterized by high intakes of low-
and high-fat meat, sauces and refined grain products for warm meals. Finally the healthy pattern was
characterized by high intakes on the food groups water and tea, vegetables, fish and fruits.

Ethnicity and dietary patterns

Ethnicity was significantly related to dietary pattern scores (p < 0.01, Table 2.3). Post-hoc analy-
ses showed that Dutch children had significantly lower (=0.171 = 0.019, p < 0.01) snacking scores
compared to the other ethnic groups, whereas Turkish children had significantly higher (1.363 £ 0.118,
p < 0.01) snacking scores. After adjustment for SES the associations were less pronounced (-0.124
+ 0.019 for Dutch, 0.998 + 0.117 for Turkish), but still significant for most groups. Further adjustment
for age, gender and maternal age did not change the results (Table 2.3). With respect to the full-fat
pattern, Turkish children and children from other ethnicities had higher pattern scores compared
to Moroccan children (0.283 + 0.128 and 0.167 = 0.071 versus —0.247 + 0.094, p < 0.01), whereas
Surinamese children scored higher on the meat pattern (0.589 + 0.092) compared to the other ethnic
groups (p < 0.01). Adjustment for SES did somewhat diminish the associations, but not the level of
significance (Table 2.3). Further adjustment for other confounding factors yielded similar results (Table
2.3). The healthy pattern was most pronounced within the groups of Turkish and Moroccan children
(0.660 = 0.092 for Moroccan and 0.602 + 0.125 for Turkish, p < 0.01). Adjustment for SES and other
factors did not change the results.

Table 2.2. Component loadings (20.3) of the 41 food groups per dietary pattern.

Snacking Full-fat Meat Healthy
Explained variance (%) 71 4.6 4.6 44
Savory snacks 0.47
Refined breakfast products 0.45
Ice cream 0.42
Sauces 0.41 - 0.35
Chocolate and candy 0.38
Fruit drink 0.31
Full-fat dairy 0.30
Low-fat spreads -0.38 -0.55
Sandwich toppings (sweet) -0.38 - - -0.33
Whole grain breakfast products -0.74
Tomato sauce for pasta - 0.61
Full-fat spreads - 0.48 -0.30
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a. Rotation converged in 12 iterations.

Component loadings (>0.3) were considered important for interpretability of the dietary patterns. A larger factor loading indicates a

higher positive or negative correlation between the food group and dietary pattern.
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Socioeconomic status and dietary patterns

SES was significantly related to snacking, full-fat and meat dietary pattern scores (p < 0.01, Table
2.4). Post-hoc analyses showed that low SES children had significantly higher snacking pattern scores
(0.864 + 0.052) compared to middle (0.171 = 0.030) and high SES groups (-0.297 + 0.024, p < 0.01).
After adjustment for ethnicity the associations were less pronounced (0.590 + 0.054 for low SES, 0.137
+ 0.029 for middle SES and —0.216 + 0.024 for high SES), but still significant. Further adjustment for
age, gender and maternal age did not change the results. The full-fat pattern was most pronounced
within the group of high SES children (0.055 + 0.026, p < 0.01). The meat pattern was most pro-
nounced in low SES children (0.229 + 0.056, p < 0.01). After adjustment for ethnicity, associations were
more pronounced (Table 2.4). Further adjustment for age, gender and maternal age did not change
the results (Table 2.4). SES was significantly related to the healthy pattern in the crude model (p < 0.01,
Table 2.4) showing low SES children had higher healthy pattern scores (0.217 + 0.056) compared to
middle (0.004 + 0.032) and high SES children (—0.049 + 0.026). After adjustments in either model 2 or
3, SES was no longer significantly associated with the healthy pattern.

Table 2.4. Mean dietary pattern scores by socioeconomic status in the ABCD cohort (n=2 769).

Mean SE Mean SE Mean SE
Snacking
Model 1: Crude 0.864 0.052° 0.171 0.030® -0.297 0.024 = <0.01
Model 2: Ethnicity 0.590 0.054 ° 0.137 0.029 ® -0216  0.024° <0.01
Model 3: Fully adjusted 0.591 0.054° 0.134 0.0292 -0214  0.024° <0.01
Full-fat
Model 1: Crude -0.179 0.056° -0.026  0.032 0.055 0.026 ¢ <0.01
Model 2: Ethnicity -0.217 0.060° -0.028  0.032 0.065 0.027 © <0.01
Model 3: Fully adjusted -0.213 0.060° -0.025  0.032 0.061 0.027 © <0.01
Meat
Model 1: Crude 0.229b  0.056 0.098 0.032° -0.114  0.026° <0.01
Model 2: Ethnicity 0.242 0.060° 0.096 0.032° -0.115  0.026° <0.01
Model 3: Fully adjusted 0.231 0.060° 0.093 0.032° -0.111 0.026* <0.01
Healthy
Model 1: Crude 0.217 0.056 * 0.004 0.032 ¢ -0.049  0.026° <0.01
Model 2: Ethnicity 0.025 0.059 -0.019  0.031 0.008 0.026 0.716
Model 3: Fully adjusted 0.043 0.059 -0.019  0.031 0.003 0.026 0.618

SES was based on maternal educational: low SES (<éy), middle SES (6-10y) and high SES (>10y) post-primary education.

Mean, SE pattern scores per dietary pattern by socioeconomic group.

Mean pattern scores for the total group was set to 0.000, based on PCA method.

Model 1: unadjusted.

Model 2: adjusted for ethnicity.

Model 3: adjusted for ethnicity, age, gender and maternal age.

Sign (P < 0.01) is based on ANOVA and Post-hoc Bonferroni; -sign with all groups; ®-sign with high SES group; “-sign with low SES

group.
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Ethnicity, socioeconomic status and dietary patterns

The main positive significant associations between ethnicity, SES and dietary patterns in the fully
adjusted model are shown in Figure. 2.2. We tested for interaction between SES and ethnicity in
relation to pattern scores and found a borderline significant interaction for the full-fat (p = 0.018) and
meat pattern (p = 0.017), whereas no interaction was present for the snacking (p = 0.324) and healthy
(p = 0.260) pattern. Profile plots showed that both ethnicity and SES were independently related to
dietary patterns [See Supplemental Figure 2.3].

Healthy < Moroccan
High SES > Full-fat < Turkish
Snacking
Low SES > Meat < Surinamese

Figure 2.2. The main positive significant associations between ethnicity, SES and dietary patterns (n=2769).

Discussion

We have identified four dietary patterns in the large multi-ethnic ABCD cohort, consisting of 2769
children. Already at age 5, both ethnicity and SES were independently related to dietary patterns.
Non-Dutch had high snacking and healthy pattern scores, whereas Turkish children scored higher
on full-fat and Surinamese children scored higher on meat pattern scores. Low SES children had
high snacking, meat and low full-fat pattern scores. Both ethnicity and SES seem to contribute inde-
pendently to the differences in dietary patterns.

Interpretation and comparison with previous studies

Results of a systematic review including 14 publications utilizing PCA in 1-8 year old native children in
mainly European countries [15] showed that most studies identified between two and six dietary pat-
terns, with the majority of studies identifying a healthy, unhealthy/processed/snacking, and local/tra-
ditional pattern [5, 15, 22, 38]. Among the cohorts that evaluated the diets of children aged 3-5 years,
a healthy and unhealthy pattern were most often identified [15, 17, 21, 38-42] with similar dietary
patterns as the healthy and snacking pattern, which were observed in the present analysis. Our full-fat
pattern shows similarities with the varied traditional Norwegian pattern, found by Oellingrath in 9-10
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year old Norwegian children, which was characterized by high component loadings on full-fat cheese
and full-fat spreads [5], food groups that also characterized the full-fat pattern in this study. We have
identified an association between ethnicity and dietary patterns. Up to now, data on the association
between ethnicity and dietary patterns has been scarce. In ALSPAC a snacking pattern was related
to white ethnicity at age 3 and 7 [17, 19] and a healthy pattern with non-white ethnicity at age 4 to
7 years [19]. We found both higher healthy and snacking pattern scores in non-Dutch groups. In the
Netherlands, the consumption of fruit and vegetables is higher in 7-9 year old children from Turkish
and Moroccan origin [43] and 9-10 year old children from non-western origin [44] than that of Dutch
children. However also consumption of snacking items and soft drinks has been found to be higher
in 5-6y old non-ethnic groups, mainly of Turkish origin [42] which is in line with findings in our study.
Additionally, the present study showed a full-fat and a meat pattern. Surinamese children have higher
meat pattern scores than children from other ethnic groups and Turkish children have higher full-fat
pattern scores. It has been reported in Dutch National Food Survey’s that intake of fat and full-fat
dairy products is high among groups from Turkish origin [25, 26]. Several studies have observed SES
differences in dietary patterns in children [15-23] with maternal education being the most important
variables [18, 21]. In four large prospective birth cohorts (ALSPAC, the EDEN mother-child cohort, the
Norwegian Mother and Child Cohort Study and the Southampton Women's Cohort Survey) healthier
dietary patterns in young children (1-7y) were associated with higher maternal education [17, 19,
21, 23, 39]. We did not find significantly different healthy pattern scores between SES groups how-
ever low SES children had higher healthy pattern scores than middle and high SES groups. In the
ALSPAC cohort, the junk pattern at age 4 and 7 was more likely when maternal education level was
low [20]. In line with these findings, we found that low SES children have higher snacking pattern
scores. Our high SES children had higher full-fat pattern scores (full-fat spreads, full-fat cheese and
refined pasta dishes) and low meat pattern scores (low and high fat meat, sauces and refined grain
products for warm meals). We did not find other studies describing this full-fat dietary pattern in high
SES children. In the present study, the non-Dutch groups (Surinamese, Turkish, Moroccan and other
ethnicity) came disproportionally from lower SES groups (Table 2.1). Although ethnicity and SES are
strongly correlated, we showed that both ethnicity and SES explained differences in dietary pattern
scores between groups at age 5y. This suggests that both ethnicity and SES seem to be a predictor
for adherence to a specific dietary pattern.

Methodological consideration

A problem common in studies using the PCA method is that the number of dietary patterns is based
on scree plots, eigenvalues and the interpretability of the dietary patterns which is a limitation in
objectivity [45]. The labelling of the identified patterns is subjective, which can be judged by the
reader from the presented component loadings (Table 2.2). The 4 identified dietary patterns in this
cohort explained 20.8% of the variation of dietary intake which is common in studies using the PCA
method. FFQs are considered an appropriate method for population-based evaluations of dietary
patterns in childhood and are favoured in large-scale studies because they are less burdensome to
participants and reduce post collection processing of dietary data [27]. A possible limitation is that the
FFQ was based on food commonly consumed by the Dutch population as determined by the Dutch
Food Consumption Survey 1997-1998 [46]. However sub analysis showed that energy intake related
to energy requirements (based on Schofield resting metabolism) was not different between Dutch
and non-Dutch groups. It might be possible that some ethnic specific food items were not registered
by the mother. The open question at the end of the FFQ gave the mother the opportunity to register
consumed food items that were not literally asked in the 71-items. Based on methodological consid-
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erations (not all mothers filled-in this open question and there was the risk of double registration),
we decided to not analyse these registered items. The FFQ was validated with the gold standard of
doubly labelled water in a group of 4- to 6-year-old children, who did not exactly reflect the non-
Dutch groups [29]. The present study had a response rate of 33% of the original cohort. Smaller
numbers in ethnic groups is inherent to the ABCD study design but it is possible that some biases
may have been introduced into the analyses, particularly as the non-responders tended to come
disproportionately from lower SES and ethnic minority groups that consumed more according to the
snacking pattern. Response rates per ethnic and SES group were 53% for Dutch, 23% for Surinamese,
14% for Turkish, 15% for Moroccan, 9% for other ethnicities, 16% for low SES, 31% for middle SES and
47% for high SES. A nonresponse analysis determining the degree of selective response and selection
bias between pregnancy and birth outcomes, indicated that selective non-response was present in
the ABCD-study, but selection bias was acceptably low and did not influence the studied birth out-
comes [47]. Strengths of this study includes the sample size of 2769 children in which dietary pattern
analyses was performed. The present study is one of few that provides insight into dietary patterns in
children in a multi-ethnic population.

Implications for research and interventions

In this group of young children, we identified specific ethnic and SES groups that consumed more
according to unfavourable dietary patterns. Dietary tracking, the maintenance of a dietary pattern
over a certain time period, has been observed during childhood and from childhood to adolescence
and unhealthy eating habits have been found to track into adolescence and adulthood. Dietary habits
are a major determinant of overweight [4, 5]. Non-native, especially children of Turkish origin, and low
SES groups show higher adherence to the unfavourable snacking pattern and show disproportionally
higher prevalence of overweight and obesity (7% for Dutch, 14% for Surinamese, 25% for Turkish, 23%
for Moroccan, 17% for low SES, 12% for middle SES and 8% for high SES) at age 5 [48]. Future studies
could analyse the explanatory factors in early childhood contributing to these (differences in) dietary
choices and the possible relationships these dietary patterns may have with weight development and
health inequalities in later childhood.

Conclusion

This study indicates that both ethnicity and SES are relevant for dietary patterns at age 5 and may
enable more specific nutrition education to specific ethnic and low SES target groups, in order to
avoid overweight and other health inequalities.
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Supplemental Table 2.1. Food groups and their products, used in the principal component analysis

in the ABCD cohort (n=2 769).

Fruits
Vegetables

Refined breakfast products

Whole grain breakfast products
Low-fat spreads

Full-fat spreads

Low-fat cheese

Full-fat cheese

Processed meats
Peanut butter

Sandwich toppings (sweet)

Low-fat dairy

Medium-fat dairy

Full-fat dairy

Unhealthy meals
Healthy meals

Tomato sauce (for pasta)
Refined grain products
Whole grain products warm meal
Fried potato products
Boiled potatoes

Sauces

Pulses

Fish

Eggs

Low-fat meat

High-fat meat

Meat alternatives and soy products

Granola bars
Biscuits and pastries
Ice cream

Chocolate and candy

Healthy snacks

All sorts of fruits

All sorts or raw and boiled vegetables (excluding vegetables in the mashed potato stew)
White/refined bread, rusks, crackers, crispbreads, Cornflakes, Cruesli, Rice Krispies,
Frosties, Smacks, Honey Loops

Brown- and whole grain bread, rusks, crackers, crispbreads and rye bread, muesli
Low-fat margarine, Blue Band Good Start

Butter, margarine

Low-fat or light cheese (spreads) 20+ 30+

Full-cream cheese (spreads) 48+, Brie 60+, goat cheese, including cheese added to hot
meals

Ham, corned beef, liver products, salami, meatloaf, smoked dried beef

Peanut butter

Chocolate spreads and sprinkles, jam, apple syrup, honey, fruit sprinkles, coconut slices,
Schuddebuikjes

Skimmed, low-fat or artificially sweetened vanilla, fruit or natural quark/yoghurt(drink)/
Biogarde/(chocolate) milk, buttermilk

Semi-skimmed vanilla, fruit or natural quark/yoghurt(drink)/Biogarde/(chocolate) milk,
Barley gruel

Custard, milk pudding, Danoontje, full-cream vanilla, fruit or natural quark/yoghurt(drink)/
Biogarde/(chocolate) milk, ready-made porridge from oats, semolina or rice

Pizza, quiche, filled tortillas or taco's, poffertjes, pancackes

Mashed potato stew with vegetables, nasi, bami, noodles

Tomato sauce in pasta dishes

White rice, macaroni, spaghetti or other pasta

Whole grain rice, macaroni, spaghetti or other pasta

Rosti, fried potato or French fries

Boiled or mashed potatoes

Gravy, mayonaise or salad cream

Brown, white beans and marrowfat peas etc.

All types of fish

Boiled and baked eggs

Chicken breast or leg, chop, pork slices/steak/filet, stewing beef or steak, steak tartar,
roast beef,

Chicken burger/nuggets, minced meat, bacon, sausage, hamburger, schnitzel, frankfur-
ters or cocktail sausages as a snack or on bread

Flavoured or natural soy milk(dessert). Vegetarian schnitzel/burger, tahoe/tofu, tempé,
Quorn or Valess.

Granola bars, Sultana, Liga nutritional biscuits

Sweet pie, pastries, fruit flan, cakes and biscuits

Ice cream

All types of chocolate bars, chewing gum and sweets

Ginger cake, sponge cake, raisins, ice lolly, breadsticks or rice cakes
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Savory snacks

Sugar sweetened sodas
Artificially sweetened sodas
Fruit drink

Fruit drink concentrate

Water and tea

Kroket, frikandel, satay, crisps, nibbits, prawn crackers, salty biscuits, sausage roll
Nuts (coated) peanuts

Sugar containing soft drinks and squashes

Light and artificially sweetened soft drinks and squashes

Apple juice, orange juice, Dubbeldrank and multi-fruit drink

Fruit concentrate diksap, Roosvicee and Karvan Cevitam

(Mineral)water and tea without sugar

Sugar Added sugar or calorie containing sweeteners in cereals, desserts or tea
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Supplemental Figure 2.2. Scree plot of the 41 components in the PCA in the ABCD cohort (n=2 769).
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Abstract

Objective

We examined whether the role of maternal education in children’s unhealthy snacking diet is
moderated by other socio-economic indicators.

Methods

Participants were selected from the Amsterdam Born Children and their Development cohort, a
large ongoing community-based birth cohort. Validated Food Frequency Questionnaires (FFQ)
(n=2782) were filled in by mothers of children aged 5.7+0.5yrs. Based on these FFQs, a snacking
dietary pattern was derived using Principal Component Analysis. Socio-economic indicators were:
maternal and paternal education (low, middle, high; based on the highest education completed)
household finance (low, high; based on ability to save money) and neighbourhood SES (composite
score ncluding educational level, household income and employment status of residents per postal
code). Cross-sectional multivariable linear regression analysis was used to assess the association and
possible moderation of maternal education and other socio-economic indicators on the snacking
pattern score. Analyses were adjusted for children’s age, sex and ethnicity.

Results

Low maternal education (B 0.95, 95% CI 0.83;1.06), low paternal education (B 0.36, 95% CI 0.20,0.52),
lower household finance (B 0.18, 95% Cl 0.11,0.26) and neighbourhood SES (B -0.09, 95% CI -0.11;-
0.06) were independently associated with higher snacking pattern scores (p<0.001). The association
between maternal education and the snacking pattern score was somewhat moderated by household
finance (p=0.089) but remained strong. Children from middle-high educated mothers (B 0.44, 95%
Cl 0.35;0.52) had higher snacking pattern scores when household finance was low (B 0.49, 95% ClI
0.33;0.65).

Conclusions

All socio-economic indicators were associated with increased risk of unhealthy dietary patterns in
young children, with low maternal education conferring the highest risk. Yet, within the group of
middle-high educated mothers, lower household finance was an extra risk factor for unhealthy dietary
patterns. Intervention strategies should therefore focus on lower educated mothers and middle-high
educated mothers with insufficient levels of household finance.
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Introduction

Maternal education is an important determinant of children’s diet, with lower education being as-
sociated with less healthy diets and dietary patterns in children [1,2]. A potential mechanism is that
mother’s education reflects knowledge, attitudes and skills regarding diet and food preparation [3].
However, maternal influence on diet is not independent of other indicators of socio-economic status
(SES). For example there is evidence that paternal education [4-8], household finance [5,7,9] and
neighbourhood SES [8,10,11] also play a role in the dietary patterns of children.

While the role of maternal education in children’s diets has been extensively studied, there has been
less consideration of how this association might be modified by other SES indicators. For instance,
paternal education can also be linked to dietary patterns through knowledge and attitudes but its role
in children’s diets may reflect gender roles. Household finance, on the other hand may be indicative
of the potential to purchase a healthy diet [3], although it's possible that maternal knowledge and
skills can overcome financial barriers to a healthy diet. While parents are likely have a decisive role
in the food consumption pattern of young children, meso-level factors such as neighbourhood SES
might play an indirect role on children’s diets [8] via its influence on mothers (and fathers) via the food
environment. Childhood overweight prevalence is unevenly distributed across neighbourhoods [12]
and there is evidence that individuals living in low-income neighbourhoods are subject to a greater
degree of food advertising [13] and have greater accessibility to unhealthy food establishments and
lower accessibility to healthy food stores [14]. At the same time, there is evidence for an association
between SES and food costs for diet quality [15,16]. Insight into the influence of different SES factors
is relevant in helping to identify groups at higher risk of unhealthy dietary patterns. In a previous study,
we observed that lower maternal education was associated with higher scores on a unhealthy snacking
pattern (characterized by high intakes of sweet and savoury snacks, refined breakfast products and
low intakes of whole-grain breakfast products) [17]. In this study, we wanted to investigate the addi-
tional influence of SES factors. Therefore the aim of our present study was to examine whether the
role of maternal education in children’s diet is modified by other SES indicators.

Materials and Methods

Study design and population

Data were used from the Amsterdam Born Children and their Development (ABCD) study, a large
ongoing community-based birth cohort (http://www.abcd-study.nl/). The cohort study design has
been described previously [18]. Between January 2003 and March 2004, all pregnant women living in
Amsterdam were invited to participate in the ABCD study. Of the 12373 women approached, 8266
women filled out a pregnancy questionnaire that was available in Dutch, English, Turkish and Ara-
bic. A 5-year questionnaire was sent to the woman's home address and 4488 questionnaires were
filled out by the mothers. These woman'’s received a self-administered Food Frequency Question-
naire (FFQ) and 2851 mothers returned the FFQ. At age 10, fathers received a 10-year questionnaire
and 2268 questionnaires were returned. A number of 2782 children were included in the present
analysis (Fig 3.1). This study was conducted according to the guidelines laid down in the Declaration
of Helsinki. Approval of the study was obtained from the Central Committee on Research Involving
Human Subjects in the Netherlands, the medical ethics review committees of the Academic Medical
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Center, Amsterdam, the VU University Medical Center Amsterdam and the Registration Commit-
tee of the Municipality of Amsterdam. All women provided written informed consent. This informed
consent procedure was approved by the committees of the Academic Medical Center, Amsterdam,
the VU University Medical Center Amsterdam and the Registration Committee of the Municipality of

Amsterdam.

Pregnant women approached

n=12373

Pregnancy questionnaires returned

n=8 266

Live-born singleton infants

n=7 863

Approached for follow-up at age 5
n=6 161

5-year questionnaires returned

n=4 488

Approached for follow-up at age
10n=5 644

10-year questionnaires returned

n=2 268

A number of n=2 782 children were

included in the present analysis

n=132 excluded due to multiple
pregnancy, n=92 due to a miscarriage

or fetal death, n=179 lost to follow-up

n=1 128 excluded due to no permis-
sion for follow-up, n=574 excluded

due to lost to follow-up

n=1673 excluded due to

non-response

n=1637 excluded due to no

implementation of FFQ at 5 year

n=3 376 excluded due to non-

response

Figure 3.1. Flow-chart of the sampling procedure of the ABCD cohort (n=2 782).
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Assessment of socio-economic factors

Data on maternal education, household finance and neighbourhood SES were collected as part
of the 5-year questionnaire. Paternal education was collected as part of the 10-year questionnaire.
Level of maternal and paternal education were defined as the highest education completed and
were defined as: low: (a few years of) primary education/lower secondary education/lower vocational
education, middle: general higher secondary education/intermediate vocational education or high:
higher professional programmes or university programmes leading to a bachelor or master degree
[19]. Household finance was based on the question 'what is your current financial situation?’ and
defined as low (insufficient or exactly enough) or high (ability to save money). Neighbourhood SES
was determined using 2010 status scores obtained from the Social and Cultural Plan Bureau (SCP),
a division of the Netherlands Institute for Social Research [20]. The children’s neighbourhoods were
defined by the four digit postal code at the time of their residence at age 5. Postal code areas in
Amsterdam are on average 2.5 km2 and they had a mean population of approximately 9593 residents
in 2010 (interquartile range (IQR): 4530-13345) [21]. Status scores were calculated by the SCP for each
postal code area using data from registries on the mean educational level, household income and
employment status of area residents, analysed by Principal Component Analysis. Mean (SD) status
score in the study population was 0.414 (1.18) and mean status score in Amsterdam was -0.282 (1.458)
in 2010. Higher status scores represent higher SES of the neighbourhood.

Assessment of potential covariates

Potential covariates that might influence the association between dietary patterns and SES factors
were children’s age (y), sex (boys/girls) and ethnicity. Age and sex were collected via the FFQ and
ethnicity via the pregnancy questionnaire. Ethnicity was based on the country of birth of the pregnant
woman and her mother including both first-generation women (born outside the Netherlands) and
second generation women (born in the Netherlands but whose mother was born in another coun-
try). Five ethnic categories were formed: Dutch, African Surinamese, Turkish, Moroccan and other
ethnicities (mainly non-western origin).

Assessment of diet

At age 5, mothers filled in a validated 71-item FFQ developed by TNO Food (Zeist, The Netherlands)
[22]. In brief, per food item, consumption frequency, portion size and the type of product consumed
over the last 4 weeks was reported by the mother of the child. Frequency options were “never”,
“less than once a week”, “once a week”, “2-3 times a week”, "4-5 times a week”, and "“6-7 times
aweek"”. Food items were assessed in units (e.g. a piece of fruit and a slice of bread) and in household
units (e.g. a glass and a tablespoon). Intake of items such as breakfast cereals, vegetables or pasta
were asked in standard tablespoons which could give a reliable idea of the actual eaten portion size
for children. Dietary patterns were derived in a previous study using Principal Component Analyses
(PCA) [17]. In that study four dietary patterns were identified: snacking; full-fat; meat; and healthy,
explaining 21% of the variation in dietary intake. In the current study we focused on children’s intake
of the snacking pattern.
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Statistical analysis

Population characteristics were described in number, percentages or means with standard deviations
(SD). ANOVA and Post-hoc Bonferroni were used to show differences by maternal education group.
Non-parametric correlation by Spearman was used to check for multicollinearity between maternal
education and other variables (paternal education 0.436, household finance 0.292, neighbourhood
SES 0.295, snacking pattern score -0.381, age -0.109, sex 0.011 and ethnicity -0.341) and for corre-
lations between paternal education and other variables (household finance 0.219, neighbourhood
SES 0.215, snacking pattern score -0.249, age -0.021, sex 0.035 and ethnicity -0.186). Multiple linear
regression analysis with listwise deletion was used to assess the association between maternal edu-
cation (n=2766) and paternal education (n=1803), household finance (n=2738), and neighbourhood
SES (n=2752) on the snacking pattern score (n=2782). The individual snacking pattern score was used
as continuous dependent variable and SES factors (maternal and paternal education level, household
finance and neighbourhood SES) used as independent variables. Model 1 describes the association
between maternal education and the snacking pattern score. Subsequently, in model 2, 3 and 4,
one individual SES factor (resp. paternal education, household finance or neighbourhood SES) was
added. In model 5, all SES factors were added simultaneously, to examine the association of all SES
factors combined on the snacking pattern score. All models were adjusted for child’s age, sex and
ethnicity. Effect modification between maternal education and paternal education, household finance
and neighbourhood SES was tested by multiple linear regression analysis and considered potentially
significant at a p-value<0.10. Additionally they were tested for heterogeneity by sex by including an
interaction term of sex with each of the SES factors. No effect modification was found indicating that
the association between maternal education and SES factors on the snacking pattern score, were
similar in boys and girls. Statistical analyses were performed in SPSS version 22 for windows and the
level of statistical significance was set at 0.01.

Results

Population characteristics

Population characteristics based on maternal education level are presented in Table 3.1. Children
with lower educated mothers had significantly more often lower educated fathers, lower household
finance, lower neighbourhood SES and higher pattern scores than children from middle-high and
higher educated mothers, reflecting higher intakes of snack items.
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Table 3.1. Socio-economic characteristics of the study population by maternal education (n=2 766).

Population Population by maternal education n= 2 766
Characteristics Low n=287 Middle-high n=552 High n=1 927
(10.4%) (20.0%) (69.6%)

Age, in years

Mean, SD 5.83 (0.52) 575 (0.50) 5.67 (0.47)*
Sex

Boys, n (%) 154 (50.7) 280 (50.7) 980 (50.9)
Ethnicity

Dutch, n (%) 140 (48.8)* 390 (70.7)* 1750 (90.8)*
Surinamese, n (%) 23 (8.0 58 (10.5)* 35 (1.8)*
Turkish, n (%) 31 (10.8)* 20 (3.6)* 9 (0.5)*
Moroccan, n (%) 48 (16.7)* 42 (7.6)* 20 (1.0)*
Other ethnicities, n (%) 45 (15.7)* 42 (7.6)* 113 (5.9)*

Paternal education

Low, n (%) 51 (44.0* 42 (13.8)* 48 (3.5)*
Middle, n (%) 39 (33.6)* 118 (38.7)* 181 (13.1)*
High, n (%) 26 (22.4)* 145 (47.5)* 1149 (83.4)*
Household finance

Low, n (%) 191 (68.0)* 243 (44.7)* 468 (24.5)*
High, n (%) 90 (32.0* 301 (55.3)* 1443 (75.5)*
Neighbourhood SES

Mean, SD -0.727 1.24* -0.069 1.28* 0.500 1.15*

Snacking pattern score

Mean, SD 0.992 1.11* 0.329 1.01* -0.246 0.84*

Maternal education was based on the highest education completed. Increasing neighbourhood SES scores represent higher neigh-
bourhood SES and positive snacking pattern scores indicate higher consumption of food groups in that pattern.

* Sign (P<0.01) is significant with all groups and based on ANOVA and Post-hoc Bonferroni.

SES indicators, including maternal education, in relation to the snacking pattern

The associations between maternal education, paternal education, household finance, neighbour-
hood SES and the snacking pattern score are presented in Table 3.2. Maternal education was strongly
related to the child's snacking pattern score. Model 1 shows a 0.946 SD higher snacking pattern score
(95% ClI 0.829; 1.064) for children from low educated mothers and a 0.438 SD (95% CI 0.352; 0.524)
higher snacking pattern score for children from middle-high educated mothers compared to children
from high educated mothers. After adding paternal education to the model (Model 2), the association
between maternal education and snacking score remained strong. Adding household finance and
neighbourhood SES (resp. Model 3 and 4) also had a minimal influence on the association between
maternal education and snacking pattern scores. Although paternal education, household finance and
neighbourhood SES were all significantly associated with the snacking pattern score individually (Table
3.2), these factors did not overrule the strong association between maternal education and snacking
pattern score. Adding all SES factors to the model simultaneously (Model 5) showed similar results.
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Effect modification between maternal education and household finance

We observed that the role of middle-high maternal education on the snacking pattern score was
somewhat moderated by low household finance (p=0.089), indicating a difference in the association
between maternal education and finance on the snacking pattern score. Therefore analyses were
stratified by household finance and all models were run within the low and high household finance
group separately (Table 3.3). Higher maternal education was used as the reference. In Model 1, the
association between maternal education and the snacking pattern remained strong in both groups.
Within the low household finance group, children from lower educated mothers had a 0.821 SD (95%
Cl1 0.641; 1.000) higher snacking pattern score and children from middle-high educated mothers had
a 0.4.92 SD (95% Cl 0.334; 0.651) higher snacking pattern score compared to children from high
educated mothers. We also examined the potential effect modification between household finance
and the other SES factors (Supplemental Table 3.1). Results of paternal education were similar to
those for maternal education, but the association with neighbourhood SES was small and not statis-
tically significant.
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Discussion

We aimed to examine whether the role of maternal education in children’s dietary patterns is modified
by other SES indicators. Our results showed that of all SES indicators, maternal education was most
strongly associated with children’s snacking patterns. Moreover, it was independent of other SES
indicators and was not moderated by other SES factors studied except for household finance. We
found higher snacking pattern scores in children from middle-high educated mothers when house-
hold finance was low.

In this study, we used SES indicators commonly used in public health research that are related to
dietary patterns, i.e. maternal education, paternal education, household finance and, less frequently
studied, neighbourhood SES. Our study corroborates the findings of studies that have considered
arange of SES factors in relation to unfavourable dietary patterns in young children. Maternal educa-
tion, paternal education and household finance (individually or in combination with each other) have
been associated with unfavourable dietary patterns [5-7,23-26]. Also in line with our results, studies
demonstrated that the influence of household finance on dietary patterns was less pronounced than
that of maternal and paternal education [7,27-29].

Furthermore, studies in two other cohorts have observed that maternal education was a stronger
determinant of children’s dietary patterns than other SES factors [5,26,30,31]. Only a few studies have
considered the role of neighbourhood SES. A Canadian study found higher diet quality in adoles-
cents living in high versus low SES neighbourhoods [10]. An Australian study [8], found a minimal
role for neighbourhood SES on dietary patterns. Within the ABCD cohort, earlier results showed that
adiposity at age 5-6y was associated with neighbourhood characteristics [32] but that study did not
investigate the role of dietary intake. None of the studies mentioned above explicitly investigated
whether the role of maternal education on the dietary pattern of young children was moderated by
other SES factors. Béghin et al observed that cultural and geographical factors could attenuate the
relationship between paternal education and adolescents’ diet quality [26], indicating a potential
moderating role of other SES factors. In our study, maternal education was the strongest indicator for
an unfavourable snacking pattern, but we also observed a moderating effect of household finance.
Higher snacking pattern scores were found in children from middle-high educated mothers when
household finance was low.

Interpretations of findings

The associations between different SES indicators and unhealthy dietary patterns indicate distinct
pathways of influence. First, higher educated parents may have higher nutritional knowledge and
may perceive long term consequences of diet on the health of their children [33], which is associated
with healthier food purchasing leading to healthier dietary patterns of their children [34]. Potential
explanations are maternal nutrition knowledge; positive concern and attitudes of the mother towards
healthy eating [33,35], self-efficacy, feeding practices and modelling, as well as the quality of foods
made available and accessible at home [36]. Knowledge and skills attained through education may
affect a person’s cognitive functioning, making them more receptive to health education messages,
or more able to communicate with and access appropriate health services [3]. Parents, and in particu-
lar the mother is considered to take the role of gate-keeper that decides which food items are present
in the house and on the table [37,38]. In the HELENA study, results from the Healthy Eating Question-
naire showed that mother-child communication was more effective than father-child communication.
Mother was the family member most likely to promote healthy dietary habits [26,39].
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Second, household finance reflects the availability of economic and material resources and reflect the
potential to purchase a healthy diet [3,4]. Possible determinants are the lower cost per mega joule of
energy dense and nutrient poor diets and the easy physical access to low-cost energy-dense foods
[40]. Other suggested mechanisms are access to health services and indirect to education, promot-
ing self- esteem and social standing [3]. In the group of middle-high educated women, economic
recourses are perhaps a stronger limiting factor than knowledge and attitudes.

Finally, studies in the US and Australia, have shown that the foods available in low SES neighbour-
hoods are of lower quality, cost more, and have less variety, than foods available in higher SES neigh-
bourhoods [10,11]. At the age of 5, familial factors probably play a more important role in influencing
dietary patterns than neighbourhood SES [41], but it's possible that a poor food environment might
influence children through its effect on their parents. Indeed we found an independent association
between neighbourhood SES and unhealthy snacking pattern. However, we also found that the
association between maternal education and the unhealthy snacking pattern was not moderated by
neighbourhood SES levels, implying that maternal education (and the underlying mechanisms) may
provide some resistance to challenges presented by a low SES neighbourhood.

Strength and limitations

A major strength of this study is the ability to examine whether the role of maternal education in
young children’s diet is moderated by other SES indicators. Additionally, this study is one of the
few studies taking into account the potential role of neighbourhood SES on unfavourable dietary
patterns in young children, in combination with more commonly used SES indicators as parental
education and household finance. Studying the role of these SES indicators individually, simulta-
neously and the possible moderating effect of these indicators allowed specific relationships to be
highlighted according to the differences in SES. Neighbourhood SES was calculated based on postal
codes where children were living at age 5, when most SES factors and dietary intake were measured.
Several limitations should be taken into account. A possible limitation is that we did not have exact
data on how long children had been living in their current neighbourhood. It could have been pos-
sible that a family moved to a neighbourhood only recently and was living in a neighbourhood with
a different neighbourhood SES before. Our study population (mean neighbourhood status score
0.414 (1.18)), may not be representative of children in Amsterdam (-0.282 (1.458)), or other main cities
in the Netherlands (-0.969 (1.573) in Rotterdam and 0.0069 (1.705) in the Hague), indicating higher SES
of neighbourhoods in our study population. Neighbourhood SES was calculated by the SCP based
on 4-digit postal codes. Using 6-digit postal codes would provide more specific information about
actual neighbourhood SES, especially for children living at transitional areas of neighbourhoods [42].
However to our knowledge, no appropriate calculation of status score based on 6-digit postal codes
was available for our population.

A multilevel approach for data analysis could be considered, given the hierarchical nature of studying
how neighbourhood’s SES may affect snacking pattern scores in children. By using multiple linear
regression analysis instead, it might be possible that the assumption of independence were violated
and the generalization of the research findings are limited. 388 different 4-digit postal codes were
included in our analysis and the mean number of participants per postal code was 7.1 (13.6). To ensure
sufficient power for statistical analysis, postal code areas with less than 10 children would have been
excluded to ensure sufficient power for statistical analysis [32].

Paternal education was collected during the 10-year questionnaire and the number of missing values
was substantial (n=979). Compared to children with complete data, children with missing data on
paternal education had more often lower educated mothers (resp. 6.4% and 17.5%), lower household
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finance (resp. 27.4% and 42.3%), lower neighbourhood SES (resp. 0.414 (1.179) and -0.038 (1.344))
and higher snacking pattern scores (-0.146 (0.902) and 0.268 (1.109)). However, sensitivity analyses
within children with complete data on dietary patterns and all SES factors and potential confounders
(n=1765) showed similar results.

Attrition of study population was largely due to untraceable changes in address or migration. A non-
response analysis determining the degree of selective response and selection bias between preg-
nancy and birth outcomes, indicated that selective non-response was present in the ABCD-study, but
selection bias was acceptably low and did not influence the studied birth outcomes [43]. No further
nonresponse analysis was done. It is possible that some biases may have been introduced into the
analyses, particularly as the non-responders tended to come disproportionately from lower SES and
ethnic minority groups.

Implications

We found that all SES indicators were independently related to snacking pattern scores of children
age 5 and we observed a cumulative association of these different SES indicators that add to the
risk of an unhealthy dietary pattern. However, the influence of maternal education remained strong,
despite addition of other SES indicators. Lower snacking pattern scores were found in children of
middle-high educated woman with sufficient household income. This suggests that primary focus
for intervention strategies should be given to lower educated mothers, with particularly targeting of
mothers were more unfavourable SES indicators are prevalent and middle-high educated mothers
with insufficient levels of household finance.

Conclusions

Our results show that all SES indicators contribute to the risk of unhealthy dietary patterns in a popu-
lation of young children. Low paternal education, lower household finance and lower neighbourhood
SES were all independently related to higher snacking pattern scores, but they did not affect the
strong relationship between low maternal education and the intake of a dietary pattern characterized
by snack foods. Within the group of middle educated mothers, higher snacking patterns were found
when the level of household finance was low.
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Abstract

Background

Social inequalities in bodyweight start early in life and track into adulthood. Dietary patterns are an im-
portant determinant of weight development in children, towards both overweight and underweight.
Therefore, we aimed to examine weight development between age 5 and 10 years by ethnicity, SES
and thereafter by BMI category at age 5, to explore its association with dietary patterns at age 5.

Methods

Participants were 1 765 children from the Amsterdam Born Children and their Development (ABCD)
cohort that had valid data on BMI at age 5 and 10 and diet at age 5. Linear mixed model analysis was
used to examine weight development between age 5 and 10 years and to assess if four previously
identified dietary patterns at age 5 (snacking, full-fat, meat and healthy) were associated with weight
development. Analyses were adjusted for relevant confounders, stratified by ethnicity and SES and
thereafter stratified per BMI category at age 5.

Results

Overall, weight decreased in Dutch and high SES children and increased in non-Dutch and
low/middle SES children. Across the range of bodyweight categories at age 5, we observed a
conversion to normal weight, which was stronger in Dutch and high SES children but less pronounced
in non-Dutch and low/middle SES children. Overall, the observed associations between weight
development and dietary patterns were mixed with some unexpected findings: a healthy dietary
pattern was positively associated with weight development in most groups, regardless of ethnicity
and SES (e.g. Dutch B 0.084, 95% CI 0.038;0.130 and high SES B 0.096, 95% ClI 0.047;0.143) whereas
the full-fat pattern was negatively associated with weight development (e.g. Dutch B -0.069, 95%
Cl-0.114;-0.024 and high SES B -0.072, 95% CI -0.119;-0.026).

Conclusions
We observed differential weight development per ethnic and SES group. Our results indicate that
each ethnic and SES group follows its own path of weight development. Associations between dietary

patterns and weight development showed some unexpected findings; follow-up research is needed
to understand the association between dietary patterns and weight development.
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Background

In recent years, research and Public Health has focussed on the high prevalence of obesity and over-
weight among children, mainly present in ethnic minority and lower Socio-economic (SES) groups
[1, 2, 3, 4]. Concurrently, there is evidence of a growing prevalence of underweight in children of
native origin in high-income countries [5, é]. Although it is not clear how important this trend is for
clinical practice, both underweight and overweight/obesity are a risk factor for health problems in
later life [7, 8]. Therefore it's important to focus on the total range of bodyweight.

Social inequality in bodyweight starts early in life and tracks into adulthood. Children who are
already overweight or obese in mid-childhood are likely to remain so by the start of adolescence
[9, 10], and later into adulthood [11] and associations between rapid infancy growth and obesity in
childhood were strongest in populations consisting of greater proportions of ethnic minority and low
SES children [12]. In the Netherlands ethnic differences in overweight are present from 2-4 years on-
wards [1, 2, 13, 14]. Data from the Amsterdam Born Children and their Development (ABCD) cohort
observed ethnic differences in overweight at age 2 [1] and overweight at this age was, specifically
in non-Dutch children, a strong predictor of staying overweight (tracking) at age 5-6 years [1, 15]. In
a British birth cohort study, differences in BMI trajectories were found between 4 year old children from
different maternal education background. And these differences widened with increasing age [16].
Studying the total range of weight development in high-income countries is a relatively new focus in
Public Health research and studies are lacking. Based on the observation that underweight is increas-
ing in prevalence in Europe [5, 4], it is important to also consider how this tracks in childhood and
whether it is associated with ethnicity and/or SES. Earlier results in the ABCD cohort showed that both
ethnicity and SES were related to different dietary patterns at age 5[17].

There is growing interest in the role of dietary patterns in early childhood as a determinant of obesity
risk [18]. Diets of poor quality might be important, as they are often characterized by high consump-
tion of energy-dense foods [19, 20, 21]. Children with higher intakes of food from unhealthy patterns
showed an increase in total and central body adiposity [22]. Remarkably, in 9-10 year old Norwegian
children a higher prevalence of overweight and obesity was found in children consuming dietary
patterns identified as healthy, and less overweight was found in children adhering to a dietary pattern
high in processed foods [23, 24]. Therefore, it is of interest to confirm the association between dietary
patterns and weight development in the ABCD cohort. The aims of this study were to examine (1)
weight development between age 5 and 10 years by ethnicity, SES and thereafter by BMI category at
age 5 and (2) its association with dietary patterns at age 5.

Methods

Study design and population

Data were used from the ABCD cohort, a large ongoing community-based birth cohort (http://www.
abcd-study.nl/). The cohort study design has been described previously [25]. In brief, between January
2003 and March 2004, all pregnant women living in Amsterdam, the Netherlands, were invited to
participate in the ABCD cohort by their obstetric care provider at their first parental care visit. Of the 12
373 women approached, 8 266 women filled out a pregnancy questionnaire that covered socio-demo-
graphic characteristics, obstetric history and lifestyle characteristics. The questionnaire was available in
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Dutch, English, Turkish and the Arabic language. When the children turned 5 years of age, the address-
es of 6 161 mothers were retrieved from the Youth Health Care registry. A 5-year questionnaire was sent
to the woman'’s home address and 4 488 questionnaires were filled out by the mothers. These women
received an invitation for a health check and a self-administered Food Frequency Questionnaire (FFQ)
for their children. The health check was completed by 3 321 children and a number of 2 851 mothers
returned the FFQ. At age 10, parents received an invitation for a regular preventive health check of their
child, provided by the department of Youth Health Care of the Public Health Service Amsterdam carried
out at their primary school. Finaly, a number of 1 765 children had valid data on diet at age 5 and BMI at
age 5 and 10 years, and were included in the present analysis (Figure 4.1).

Pregnant women approached

n=12373

Pregnancy questionnaires returned

Dacioce n=132 excluded due to multiple

pregnancy, n=92 due to a miscarriage

or fetal death, n=179 lost to follow-up

Live-born singleton infants

W= B n=1 128 excluded due to no permis-

sion for follow-up, n=574 excluded

due to lost to follow-up

Approached for follow-up at age 5

n=6161
n=1673 excluded due to

non-response

5-year questionnaires returned

n=4 488

FFQs returned
Attended 5-y health check n=3 321
n=2 851

Attended 10-y preventive health
Valid FFQ's n=2 782
check n=2 268

A number of n=1765 children had valid data on diet at age 5 and BMI

at age 5 and 10 years and were included in the present analysis

Figure 4.1. Flow-chart of the sampling procedure of the ABCD study population (n=1765).
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Assessment of BMI

At age 5, height and weight were measured during the ABCD health check were children were
measured by a team of trained researchers according to standard protocols using a Leicester portable
height measure (Seca) and a Marsden weightening scale (model MS-4102), respectively. At age 10,
height and weight were measured by a health professional during the regular preventive health check
at the children’s primary school. During both measurements, children were dressed in light clothing.
Data on height and weight were converted to Body Mass Index (BMI) scores [weight (kg) / height (m)2].
BMI scores were classified in age- and sex-specific BMI cut-offs from the International Obesity Task
Force [7, 26] and three categories were formed: underweight, normal weight and overweight/obesity.
BMI scores were also converted to age- and sex-specific BMI z-scores (SD scores), by comparison with
the 'World Health Organization standards’ [27].

Assessment of dietary patterns

The assessment of dietary patterns within the ABCD cohort at age 5 has been previously described
[24]. Mothers filled in a validated 71-item FFQ developed by TNO Food (Zeist, The Netherlands) [28].
In brief, per food item, consumption frequency, portion size and the type of product consumed over

"o "o

the last 4 weeks was reported. Frequency options were “never”, “less than once a week”, “once
a week”, “2-3 times a week”, "4-5 times a week”, and "6-7 times a week”. Mothers were given
the possibility to fill in food items that were not included in the FFQ. Based on the data clearance
protocol developed by TNO Food, the returned FFQs were scanned and the data on amounts
(g/day) of products consumed and intake of energy was calculated using the Dutch Food Compo-
sition Database (NEVO) 2010 [29]. Energy adjusted intake (g/d) of 41 composed food groups were
derived to assess dietary patterns, using Principal Component Analyses (PCA) with varimax rotation.
Four dietary patterns were derived: a snacking (sweet and savoury snacks, refined breakfast products
and low intakes of whole-grain breakfast products), full-fat (full-fat spreads and pasta dishes and low
intakes of low-fat spreads), meat (low and high fat meat, sauces and refined grain products for warm
meals) and healthy pattern (water and tea, vegetables, fish and fruits). Individuals were given a pattern
score for each dietary pattern as a sum of the 41 standardized food group intakes, each weighted
according to their factor loading. Positive pattern scores indicate higher consumption of food groups
in that pattern.

Assessment of ethnicity and socio-economic status

Data on ethnicity was collected via the pregnancy questionnaire and based on the country of birth of the
pregnant woman and her mother including both first-generation women (born outside the Netherlands)
and second generation women (born in the Netherlands but whose mother was born in another coun-
try). Five ethnic categories were formed: Dutch, African Surinamese, Turkish, Moroccan and “other”
ethnicities (mainly of non-western origin). Level of maternal education was collected via the 5-year ques-
tionnaire and was used as a proxy for SES. It was defined as the highest education completed: low: (a
few years of) primary education / lower secondary education / lower vocational education, middle:
general higher secondary education / intermediate vocational education or high: higher professional
programmes or university programmes leading to a bachelor or master degree [30].
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Assessment of potential confounders

Covariates were selected on the basis of theory and previous literature and were included in case of
a significant change (=10%) effect estimated on the dietary patterns. Potential covariates that might
influence weight development and its relation with dietary patterns were sex, children’s exact age at
the 5-years health check, screen time at age 5 and maternal BMI at age 5. Maternal BMI (kg/m2) was
based on mothers self-reported height and weight when the child was 5-year old and screen time
(hour/day) was based on the duration in hours that the child spent watching TV or used a computer
or console per day at age 5 [31].

Statistical analysis

Population and anthropometric characteristics were described in numbers, percentages or means
with standard deviations (SD) for the total population and by ethnic and SES groups separately. Of the
children that were included in this analyses (n=1765), 1 765 children had complete data on sex, age
and ethnicity, 1 759 on SES, 1 756 on screen time and 1 666 on maternal BMI.

For the first research objective, linear mixed model analyses were used to examine the change in
BMI z-scores over time (from age 5 to 10 years) (i.e. weight development) in the total population by
including time as a fixed effect. This method incorporates all available repeated measurements of the
BMI z-scores simultaneously and takes into account that these measurements are correlated within
participants. The likelihood ratio tests were used to determine a suitable random effect structure. The
model with a random intercept and slope with time was considered most appropriate for all analyses.
We tested for interactions between weight development between age 5 and 10 years and ethnic
and SES groups by including an interaction term of ethnic and SES groups with time (significant at a
p-value<0.10). No significant interactions were found between the low and middle SES groups, there-
fore we reported the results for these groups combined. We further examined weight development
between age 5 and 10 years by ethnicity and SES. (Model 1). Adjustments were made for children’s
sex, exact age, screen time, and maternal BMI, ethnicity or SES (Model 2). Model 2 was further strati-
fied by BMI categories at age 5: underweight (Model 2a), normal weight (Model 2b) and overweight/
obesity (Model 2¢). In sensitivity analysis, we tested for interaction between weight development
between age 5 and 10 years and sex within the total population, by including an interaction term of
sex with time.

For the second research objective, linear mixed effect models were used to examine the association
between dietary patterns at age 5 and BMI z-scores at age 5 and 10 years (i.e. weight development)
by ethnicity and SES (Model 1). Adjustments were made for children’s sex, age, screen time, and
maternal BMI, ethnicity or SES (Model 2). We performed two sensitivity analyses. First, Model 2 was
additionally adjusted for total energy intake, in order to obtain insight into the role of energy intake in
this relationship. Second, per ethnic and SES group, Model 2 was further stratified by BMI categories
at age 5: underweight (Model 2a), normal weight (Model 2b) and overweight/obesity (Model 2¢). All
statistical analyses were performed in SPSS version 24 for windows and the level of statistical signifi-
cance was set at 0.05.
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Results

Population characteristics

Population characteristics of the total study population (n=1 765) including stratification by ethnicity
and SES groups are presented in table 4.1. Mean (SD) age was 5.7 (0.5) y at the 5-years health check
and 10.6 (0.4) y at the 10-years health check. Most children were from Dutch origin (79.3%), followed
by Moroccan (5.4%), African Surinamese (4.4%), Turkish (2.6%) and “other” ethnicities (8.3%). The
majority of children (68.3%) belonged to the high SES group and 31.7% belonged to the low/middle
SES group. Highest BMI z-scores at age 5 were found in Turkish (0.60 SD 0.99) and Moroccan children
(0.55 SD 1.67) and lowest BMI z-scores were found in Dutch (-0.04 SD 0.86) and high SES children
(-0.06 SD 0.81).

Results in figure 4.2 presents the change, over BMI categories between age 5 and 10 years. In
most groups, the majority of children that were underweight at age 5 switched to normal weight
at age 10 (e.g. 64% in African Surinamese and 56% in Moroccan children). However, in Dutch and
high SES children, respectively 51% and 50% of the children switched to normal weight and a higher
percentage of children remained underweight at age 10. In children that were normal weight at age
5, mainly African Surinamese (24%) and Turkish children (33%) switched to the overweight/obesity
category at age 10 (e.g. 9% in Moroccan children and 16% in low/middle SES children). In none of
the groups, children switched from underweight to overweight/obesity or from overweight/obesity
to underweight.

Mean (SD) BMI z-scores per BMI category at age 5 and 10 years are presented in Supplemental Table
4.1. In 10-year old overweight/obese children, mean (SD) BMI z-scores were lower in Dutch (1.44 SD
0.71) and high SES children (1.25 SD 0.61) than in other groups (e.g. Moroccan: 1.85 SD 0.63 and
low/middle SES: 1.89 SD 0.66). Anthropometric characteristics further specified by sex are shown in
Supplemental Table 4.2.

Weight development between age 5 and 10 years
Within the total population (n=1 765), there was a non-significant decrease in weight between age

5 and 10 years (B -0.018, 95% CI -0.052; 0.016). When this model was adjusted for confounders, the
association was comparable (B -0.021, 95% CI -0.056; 0.014).
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Weight development by ethnicity

Significant interactions were found between weight development and most ethnic groups; between
Dutch and African Surinamese, Dutch and Turkish, Dutch and children of “other” ethnicities (p<0.001),
between Moroccan and African Surinamese (p=0.022), Moroccan and Turkish (p=0.011) and between
high and low/middle SES children (p<0.001). Therefore analyses of weight development between
age 5 and 10 years are shown per ethnic group separately (Table 4.2 and Figure 4.3). In Dutch chil-
dren, weight decreased (B -0.070, 95% CI -0.107; -0.033; Model 2). In Moroccan children there was
no change in weight (B -0.001, 95% CI -0.182; 0.179). In African Surinamese, Turkish and children
of “other” ethnicities weight increased. Weight development differed depending on children’s BMI
category at age 5. In children that were underweight at age 5 we observed an increase in weight
across all ethnic groups (e.g. in Dutch children: B 0.186, 95% CI 0.092; 0.280; Model 2a). In children
with a normal weight at age 5 we observed a decrease in weight in Dutch and Moroccan children,
although in the latter group this was not statistically significant. In Turkish, African Surinamese and
children of “other” ethnicities however we observed an increase in weight (e.g. B 0.455, 95% CI1 0.175;
0.734 in Turkish children). In overweight/obese children we observed a decrease in weight except in
the Turkish or “other” ethnicities groups.

Weight development by SES

Analyses of weight development between age 5 and 10 years per SES group are presented in table
4.2 and figure 4.3. In low/middle SES children, weight increased (B 0.174, 95% CI 0.103; 0.245; Model
2) while in high SES children weight decreased (B -0.107, 95% CI -0.145; -0.068). In children that were
underweight at age 5 we observed an increase in weight in both SES groups. In children with a normal
weight at age 5 we observed an increase in weight in low/middle SES children and a decrease in high
SES children. In overweight/obese children we observed a decrease in weight in both SES groups.
Sensitivity analyses showed that weight development was significant different between boys (B 0.056,
95% C1 0.005; 0.106) and girls (B -0.097, -0.145; 95% CI -0.049) in the total population (p<0.001).
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Figure 4.3. Observed mean BMI z-scores at age 5 and 10 years by ethnicity and SES in the ABCD study population (n=1765).

Dietary patterns and weight development by ethnicity

Associations between dietary patterns at age 5 and weight development between age 5 and 10 years
per ethnic group are presented in table 4.3. In Dutch children, full-fat pattern scores at age 5 were
negatively associated with weight development between age 5 and 10 years (B -0.069, 95% CI -0.114;
-0.024; Model 2), while healthy pattern scores were positively associated with weight development
(B 0.092, 95% CI 0.047; 0.137). Also in Moroccan children, healthy pattern scores were positively
associated with weight development (B 0.259, 95% CI 0.002; 0.516).

Other results were not statistically significant but showed comparable associations: also in Turkish
and children of “other” ethnicities, we observed that full-fat pattern scores were negatively asso-
ciated, and healthy pattern scores positively associated with weight development. In most ethnic
groups, snacking pattern scores were negatively associated and meat pattern scores were positively
associated with weight development between age 5 and 10 years.

Dietary patterns and weight development by SES

The associations between dietary patterns at age 5 and weight development between age 5 and 10
years by SES group are presented in table 4.3. In low/middle SES children, healthy pattern scores at
age 5 were positively associated with weight development (B 0.094, 95% CI 0.008; 0.179; Model 2). In
high SES children, snacking (B -0.081, 95% Cl -0.136; -0.025) and full-fat pattern scores (B -0.072, 95%
Cl -0.119; -0.026) were negatively associated with weight development while healthy pattern scores
were positively associated with weight development (B 0.096, 95% CI 0.047; 0.143).
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Sensitivity analyses dietary patterns and weight development by BMI category

Dietary patterns were associated with weight development, independently of energy intake: addi-
tional adjustment for total energy intake (B reflects the intake per kcal) did not change the results
(e.g. in Dutch children, full-fat pattern scores were B -0.069, 95% Cl -0.116; -0.026 without adjustment
for total energy intake and B -0.071, 95% Cl -0.116; -0.026 with adjustment for total energy intake).
In the same model, energy intake was not associated with weight development in ethnic or SES
groups (e.g. B -0.0003, 95% CI -0.0010; 0.0004 in Turkish children and B -0.0001, 95% CI -0.0005; 0.0002
in children of “other” ethnicities). Finally, when Model 2 was further stratified by BMI categories at
age 5: underweight (Model 2a), normal weight (Model 2b) and overweight/obesity (Model 2¢), no
clear pattern was found among children in different BMI categories. In normal weight Dutch children,
healthy pattern scores were associated with positive weight development (B 0.070, 95% CI 0.035;
0.106). And in normal weight high SES children, snacking pattern scores were negatively associated
with weight development (B -0.051, 95% CI -0.096; -0.006) and healthy pattern scores were associated
with positive weight development (B 0.070, 95% CI 0.031; 0.109) between age 5 and 10 years. Other
results were mainly non-significant associations without a clear structure.

Discussion

This study revealed differences in weight development between age 5 and 10 years between ethnic
and SES groups in the large multi-ethnic ABCD cohort, consisting of 1 765 children, indicating that
these groups follow different patterns of weight development. In Dutch and high SES children
we observed a decreased weight development, while in non-Dutch and low/middle SES children
weight development increased. Across the range of bodyweight categories at age 5, we observed
a conversion to normal weight, which was stronger in Dutch and high SES children but less pro-
nounced in non-Dutch and low/middle SES children. Dutch and high SES children were more often
underweight or normal weight, at both ages and less often overweight/obese compared to non-
Dutch and low/middle SES children. Contrary to our expectations, high healthy pattern scores were
positively associated with weight development in Dutch, Moroccan and all SES categories of children
and high full-fat pattern scores were negatively associated with weight development in Dutch and
high SES children.

In line with our results, other studies also showed ethnic [8, 32] and SES [24, 33] differences in over-
weight and obesity. Prevalence of overweight/obesity was nearly double in children of non-western
origin compared to children of western origin [8, 32]. However in our study, we also observed clear
differences in the prevalence of overweight/obesity within the non-native group. At age 10, 44% of
the children from Turkish origin was overweight/obese while 30% of children of African Surinamese
and 24% of Moroccan origin were overweight/obese. Ethnicity also carries information about SES.
Maternal educational level (in our study used as a proxy for SES) explains part of the ethnic differ-
ences in childhood overweight [14]. Non-native groups are more often from lower SES groups than
native groups. In our study, 23% of Dutch children was from the low/middle SES group, compared to
69% in African Surinamese, 87% in Turkish, 82% in Moroccan children and 43% in children of “other”
ethnicities. Despite comparable SES levels, we clearly observed that Turkish children developed more
often overweight/obesity between the age of 5 and 10 years (44%) than Moroccan children (24%).
These results suggest that the non-native group is a diverse group with possibly different causes and
mechanisms that contribute to childhood overweight/obesity in each ethnic group.
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We observed a higher tendency to underweight and normal weight in Dutch and high SES children.
Another Dutch study also observed higher percentages of underweight in Dutch children, while per-
centages of underweight in children of Turkish and Moroccan origin were at most only half as high
[34]. But unlike our results, this study did not observe SES differences in underweight rates [34].
A study in 4-5 year old children in Norway, found comparable percentages of underweight between
children of European (10.4%) and Middle East/North African origin (12.7%) [32]. These differences could
be possibly due to unintended side effects of current obesity prevention programs, and current delivery
of these programs to lower SES groups is either not adequately reaching into these groups [35].
Additionally we examined weight development per ethnic and SES group, stratified by BMI category
at age 5. We observed a conversion to normal weight in most groups, which is not in line with a study
in 6-12 year old Norwegian children, where they found that overweight children tended to gain more
weight than normal-weight children [24]. But the conversion to normal weight differed per ethnic and
SES group. It was stronger in Dutch and high SES children that were more likely to experience nega-
tive weight development, regardless of BMI category at age 5. Observing weight development strati-
fied per BMI category at age 5, showed that none of the children switched from underweight to over-
weight/obesity or from overweight/obesity to thinness. We also obtained more specific information
of the differences in weight development between the non-native groups. Weight development of
Moroccan children, seemed to be more in line with the structure of weight development in Dutch and
high SES children. In normal weight Dutch and high SES children, weight development was negative
while in normal weight African Surinamese, Turkish, “other” ethnicities and low/middle SES children,
weight development was positive. In normal weight Moroccan children, weight decreased; however
results were not statistically significant. In overweight/obese children, we observed a further increase
of weight in Turkish children and children of “other” ethnicities.

Our results indicate that a healthy dietary pattern at age 5 is positively associated with weight
development whereas a full-fat dietary pattern at age 5 is negatively associated weight development.
Oellingrath et al. [23] also observed a positive association between dietary patterns identified as
healthy (a 'varied Norwegian’ pattern characterized by intakes of fish and meat for dinner, brown
bread, regular white or brown cheese, lean meat, fish spread, and fruit and vegetable) and BMI. In
this study, 9 year old children with high scores on this 'varied Norwegian’ pattern were more likely to
be overweight or obese at 9 years of age [23]. Another Dutch birth cohort observed that better diet
quality at age 1 and 8 years was associated with higher height, weight, and FFMI, but not with body
fatness up to age 10 years. This was independent of diet quality at an earlier or later time point [36].
We did not find other studies in the literature that observed an association between a dietary pattern
comparable to our full-fat pattern (high intakes of full-fat cheese and full-fat spreads, low intakes of
low-fat cheese, low-fat spreads and low-fat dairy) and BMI. In line with other studies [23, 37, 38, 39,
40], we did not observe a clear association between the snacking pattern (a dietary pattern charac-
terized by snacking items) and weight development. Overall, the observed patterns of association
between dietary patterns and weight development were mixed, also after analyses were stratified
by BMI category at age 5. We observed only a few statistically significant associations, mainly within
the larger groups (e.g. Dutch, low/middle SES and high SES). Therefore based on these results, we
cannot draw any conclusions about the role of dietary patterns at the age of 5 in weight development
over the next 5 years.

Childhood obesity is a complex construct. A diversity of factors contribute as biological- and life-
style factors but also the social- and obesogenic environment [41]. There is also interest in the role
of dietary patterns in early childhood as a determinant of obesity risk [18]. Few studies observed
associations between dietary patterns and overweight [22, 23, 24]. In our analyses we considered
sex, children’s exact age at the 5-years health check, screen time at age 5 and maternal BMI at age
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5 as major determinants that might influence the association between dietary patterns at age 5 and
weight development.

Additionally, we studied the role of energy intake in the association between dietary patterns at age
5 and weight development. A previous study by Northstone et al [42] also failed to observe differ-
ences in outcome when adjusting for energy intake before entry into the PCA analysis. However, to
exclude a possible role of energy intake, we included energy adjusted intake of food groups as an
input in the PCA analyses to derive dietary patterns [43]. In sensitivity analyses, we also observed
that additionally adjusting for energy intake in the association between dietary patterns at age 5 and
weight development did not change the results. In the same Model, we observed that energy intake
was not associated with weight development in the ethnic and SES groups.

Results of the association between dietary patterns and weight development stratified by ethnic
and SES group, also give information about the possible moderating effect of ethnicity and SES. In
another sensitivity analysis, we studied the intermediate effect of dietary patterns on the association
with ethnicity / SES on weight development and we observed that the intermediate role of dietary
patterns on weight development is limited. However, in our cohort, results were more pronounced in
the ethnic groups than in the SES groups.

Methodological considerations

A strength of this study is the population based cohort-design that included a number of 1765
children with complete data on dietary patterns at age 5 and BMI at age 5 and 10 years, of differ-
ent ethnic and SES groups that are often excluded in epidemiological studies. Analyses stratified
per BMI category gave an complete overview of weight development in these groups. Height and
weight were measured by a team of trained researchers and health professionals according to stand-
ard protocols.

However, interpretation of the association between dietary patterns and weight development is
limited due to the cross sectional nature of dietary intake assessment. Dietary tracking, the mainte-
nance of a dietary pattern over a certain time period, has been observed during childhood and from
childhood to adolescence [40]. Another limitation of our study is that the FFQ was based on food
commonly consumed by the Dutch population as determined by the Food Consumption Survey
1997-1998 [44]. The FFQ was validated with the gold standard of doubly labelled water in a group of
4 to 6-year-old children, although this validation study did not include non-Dutch groups [45]. Thus
the FFQ may not reflect the food intake of ethnic minority children. To account for this we included
an open question at the end of the FFQ, asking participants to note commonly eaten foods that were
missing from the questionnaire. However, in the analysis we decided to not include the food items
mentioned in the open item section because it was used only by a few mothers and it was unclear
whether the mentioned items were additional to what was already included in the FFQ. In sub-analysis
we found that energy intake related to energy requirements (based on Schofield resting metabolism)
was not different between Dutch and non-Dutch groups, implying that the FFQ is able to capture
total food intake in this population. Smaller numbers in ethnic groups is inherent to the ABCD cohort
design but it is possible that some biases may have been introduced into the analyses, particularly as
the non-responders tended to come disproportionately from lower SES and ethnic minority groups.
Response rates per ethnic and SES group were 27% for Dutch, 12% for African Surinamese, 10% for
Turkish, 13% for Moroccan, 13% for other ethnicities, 11% for low/middle SES and 38% for high SES.
A nonresponse analysis determining the degree of selective response and selection bias between
pregnancy and birth outcomes, indicated that selective non-response was present in the ABCD
cohort, but selection bias was acceptably low and did not influence the studied birth outcomes [46].
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Conclusions

We observed ethnic and SES differences in weight development between age 5 and 10 years in
a multi-ethnic, population-based cohort of 5-10 year old children in The Netherlands. Our results
indicate that each ethnic and SES group follows its own path of weight development. Results of the
role of dietary patterns in weight development were mixed, limiting our ability to draw conclusions
regarding the exact role of dietary patterns in ethnic and SES differences in weight development.
Overall, however, our results indicate that a healthy pattern is positively associated, and a full-fat
pattern is negatively associated with weight development.
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List of abbreviations

BMI: Body Mass Index

ABCD cohort: Amsterdam Born Children and their Development cohort
SES: socio-economic status

FFQ: Food Frequency Questionnaire

PCA: Principal Component Analysis

SD: standard deviations

e.g: for example
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Abstract

Introduction

Diet quality in childhood may be an important target in the prevention of adiposity. We aimed to
evaluate overall diet quality of children participating in the Amsterdam Born Children and their
Development (ABCD) study and to examine associations of diet quality around age 5 years with
growth and body composition up to age 12 years.

Methods

We analysed data on diet quality and growth and body composition of 844 children (47.8% were girls).
Data on dietary intake were assessed with a food-frequency questionnaire at their median age of 5.6
(IQR 5.3 -6.0) years. A predefined diet quality score (range 0-10) was calculated, reflecting adherence
to age-specific dietary guidelines. Anthropometrics and body composition were assessed around
ages 5 and 12 years using bioelectrical impedance analysis. We calculated sex- and age-specific SD-
scores for height, weight, body mass index (BMI), fat mass index (FMI), fat-free mass index (FFMI), and
body fat percentage (BF%).

Results

We observed a mean (+SD) total diet quality score of the children of 4.8 (= 1.1) out of 10. The high-
est score was observed for the whole grains component, whereas low scores were observed for
sugar-containing beverages and high-fat and processed meat. After adjustment for socioeconomic
and lifestyle factors, we observed that a higher diet quality score at age 5 years was associated with
a lower weight (-0.49 SDS per 1 point increase in diet quality score, 95%Cl -0.80, -0.18), a lower BMI
(-0.18 SDS, 95%Cl -0.29, -0.07) and a lower FMI (-0.09 SDS, 95%Cl -0.17, -0.02) at age 12 years. The
observed associations were independent of baseline anthropometric values.

Conclusion
Diet quality of 5-year-old children in the ABCD study was suboptimal. We observed that, independent

of sociodemographic and other lifestyle factors, children with a better diet quality at age 5, had lower
weight, BMI and body fat mass 7 years later.
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Introduction

The prevalence of childhood overweight is increasing rapidly globally and is of great concern because
of its adverse health consequences in both childhood and adulthood [1,2]. Diet in childhood is one
of the most important modifiable determinants of obesity risk. Not only specific foods or nutrients,
but also overall dietary patterns have been related to obesity risk. For example, a review of previous
studies in children has shown that high adherence to data-driven ‘Western-like" dietary patterns is
associated with higher risk of obesity [3], whereas high adherence to data-driven dietary patterns that
are labelled as more healthy is linked to a lower obesity risk [3]. However, these data-driven dietary
patterns do not necessarily align with guidelines for healthy diets.

A few previous studies have examined predefined diet quality indices reflecting dietary recommenda-
tions in relation to BMI or body composition in children. Some studies suggested that children with
a higher diet quality at ages ranging from 2 years to 10 years have lower weight [4] or BMI [5]. In con-
trast, we previously observed among Dutch children participating in the Generation R Study that a
higher diet quality in infancy and at age 8 years was associated with a higher BMI up to age 10 years,
but that this was fully explained by a higher fat-free mass rather than fat mass [7,8]. The few studies
that examined diet quality in relation to detailed body composition in childhood showed inconsistent
results with respect to fat and lean mass [4,6,7,8].

As childhood is a period of rapid growth and development, differences between these few stud-
ies may be explained by differences in age groups. Therefore, more research is needed to explore
associations of diet quality in childhood with detailed measures of body composition. In this study, we
aimed to evaluate diet quality of 5-year-old children from a prospective population-based cohort in
Amsterdam, and to examine associations of diet quality at the age of 5 years with body composition
up to age 12 years.

Methods

Study design and population

This study was embedded in the Amsterdam Born Children and their Development (ABCD) study,
an ongoing prospective population-based cohort study in Amsterdam, the Netherlands 9. Between
January 2003 and March 2004, all pregnant women living in Amsterdam were invited to participate. Of
the 12,373 women approached, 8,266 women filled out a pregnancy questionnaire. Approval of the
study was obtained from the Central Committee on Research Involving Human Subjects in the Neth-
erlands, the medical ethics review committees of the participating hospitals, and the Registration
Committee of the Municipality of Amsterdam 9. All mothers gave written informed consent for their
children.

Around the children’s age of 5 years, a food-frequency questionnaire (FFQ) to assess diet in child-
hood was sent to mothers of 4,488 children, of which 2,851 mothers returned the questionnaire. Valid
dietary intake data were available for 2,782 of the children 10. Of these children, a total of 844 children
had complete data on growth and body composition at both the ages of 5 and 12 years (Figure 5.1).
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Measurements

Diet quality

As described in detail previously 10, dietary intake in childhood was assessed at a median age of
5.6 (IQR 5.3 - 6.0) years using a semi-quantitative FFQ, which was developed for Dutch children and
validated for energy intake against the doubly labelled water method 11. This FFQ was filled out by
the mother of the child and included questions on food items, frequency of consumption, portion
sizes, and type of products consumed, covering the last 4 weeks. Energy and nutrient intakes were
calculated using data from the Dutch Food Composition Table (NEVO) 2010 12.

We applied a previously developed predefined diet quality score for school-age children 13, which
quantified adherence to dietary guidelines for children aged 4 to 8 years. The ten following compo-
nents and cut-off values were included in de diet quality score: intake of fruit (= 150g/d); vegetables
(> 125g/d); whole grains (= 90g/d); fish (= 55g/w); pulses (= 84g/w); nuts (> 15g/d); dairy (= 300g/d);
oils and fats (> 30g/d); sugar-containing beverages (< 150g/d); and high-fat and processed meat
(< 250g/w). Ratios of reported intakes and recommended intakes were calculated, resulting in a score
between 0 and 1 for each component and an overall sum-score ranging from 0 to 10, with a higher
score representing a better diet quality 13.

Body composition

At child's mean ages of 5.6 + 0.5 and 11.8 = 0.4 years, we assessed anthropometrics of the chil-
dren. Height was determined to the nearest millimeter using a Leicester portable height measure
(Seca, Hamburg, Germany) and weight was measured to the nearest 100 g using a Marsden MS-4102
weighing scale (Oxfordshire, United Kingdom). At the 5.6 and 11.8 year measurements, we addi-
tionally measured fat mass with arm-to-leg bioelectrical impedance analysis (BIA) (Bodystat 1500
MDD machine (Bodystat Inc, Douglas, UK)). For both time points, we calculated BMI (weight(kg)/
height(m)2), fat-free mass index (FFMI) (fat-free mass(kg)/height(m)2), fat mass index (FMI) (fat
mass(kg)/height(m)2), and body fat percentage (BF%) (fat mass as percentage of total body weight).
For all outcomes, we created age- and sex-adjusted standard deviation scores (SDS) based on chil-
dren with data within the ABCD Study.

Covariates

We assessed several socioeconomic and lifestyle factors of the children and their mothers. Infor-
mation on sex and date of birth of the children was obtained using questionnaires. Ethnicity was
based on the country of birth of the mother and her mother, for which information was obtained
from questionnaires, and was categorized into five categories (Dutch; Surinamese; Turkish, Mo-
roccan; other). Information on child’s physical activity around the age of 5 years was obtained with
a questionnaire and included questions on frequency and duration of playing outside, sports partic-
ipations, and walking and biking to and from school. Responses were combined and averaged into
a continuous variable indicating average amount of time being physically active per day (<1 h/d; 1
—2h/d; >2 h/d) 15. Information on screen time was also obtained using a questionnaire and reflects
time spent watching TV or using a computer (<1 h/d; 1 — 2 h/d; >2 h/d) 15. Information on pubertal
developmental stage (tanner stage) of the child was obtained using a questionnaire around the age
of 12 years 16,17. At the age of 5 years, questionnaires were used to obtain information on maternal
educational level (low; high (higher vocational education or university)).
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Statistical analyses

We used linear regression models to analyse associations of diet quality at the age of 5 years with
body composition at ages 5 and 12 years separately. Diet quality was analysed both as a continuous
variable and categorized into quintiles. Potential confounders for all analyses were selected based on
literature. Model 1 included child's sex, age at dietary assessment and for outcomes at age 12 also
corresponding baseline anthropometric values. The second model was additionally adjusted for sev-
eral socioeconomic and lifestyle factors: ethnic background, physical activity, screen time and mater-
nal educational level. To examine whether associations of diet quality and body composition were in-
dependent of energy intake, model 3 was additionally adjusted for total calorie intake. Finally, model
4 was additionally adjusted for pubertal status to examine whether associations were independent of
development stage. To examine whether associations of diet quality with body composition differed
by child’s sex, an interaction term was included in the models.

To reduce potential bias due to missing values on covariates (ranging from 0 to 3.0%), these were
multiple imputed (n=10 imputations). Results were based on pooling of the effect estimate of the im-
puted datasets and considered statistically significant at P<0.05, two-sided alpha error. The statistical
analyses were carried out using SPSS statistics version 24.0 (IBM Inc., Armonk, NY, USA) and R version
3.4.1 (The R Foundation for Statistical Computing, Vienna, Austria).

Children whose mothers received the
food-frequency questionnaire at 5

years of age (n=4 488)

Exclusion due to missing data on the

FFQ (n=1637)

Children whose mothers returned the

FFQ (n=2 851)

Exclusion due to invalid data on the

FFQ (n=69)

Children with valid dietary data
(n=2782)
Exclusion due to missing data on
body composition at age 5 or 12
(n=1938)
Children with dietary data and body
composition measurements at age 6

and 12 years (n=844)

Figure 5.1. Flow chart of participants included in the study.
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Results

Population characteristics

Characteristics of the children and their mothers are presented in Table 5.1. Most of the children had
a Dutch ethnic background (76.2%) and 47.8% were girls. Median total energy intake was 1503 (IQR
1305 - 1700) kcal per day. Median BMI of the children was 15.3 kg/m2 (IQR 14.6 — 16.0) at the age of 6
years and 17.1 kg/m2 (IQR 15.8 — 18.7) at the age of 12 years. Children with a higher diet quality score
more often had a mother with a higher educational level, were more physically active, and spent less
time using screens (Supplemental Table 5.1).

Diet quality

Mean (+ SD) diet quality of the children was 4.8 (+ 1.1) on a theoretical range from 0 to 10. Children
with higher diet quality scores on average had higher daily energy intakes (Supplemental Table 5.1).
Table 5.2 shows the median scores for the individual diet quality components. We observed a median
score of 1.00 (IQR 0.80 - 1.00) for whole grains component, a score of 0.75 (IQR 0.52 — 1.00) for fruit,
and a score of 0.68 (IQR 0.18 — 1.00) for fish. The lowest scores were observed for pulses (0.21 (IQR
0.00 - 0.63), sugar-containing beverages 0.00 (IQR 0.00 — 0.02), and high-fat and processed meat 0.00
(IQR 0.00 - 0.35).
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Table 5.1. Characteristics of the study participants (n=844).

Child characteristics
Sex
Girls
Ethnicity
Dutch
Surinamese
Turkish
Moroccan
Other
Screen time
Less than 1 hour/day
1 to 2 hours per day
More than 2 hours per day
Physical activity
Less than 1 hour/day
1 to 2 hours per day
More than 2 hours per day
Maternal educational level
High
Child dietary assessments
Age at dietary assessment (y)
Total energy intake (kcal/d)

Diet quality (score)*

Child growth and body composition

At baseline (5 years)

403

643
34

29
128

340
395
109

60

319

466

616

Age at 5 years measurement (y)

Height (cm)
Weight (kg)
Body mass index (kg/m2)
Fat mass (kg)
Fat-free mass (kg)
Body fat percentage
At follow-up (12 years)

Age at 12 years measurement (y)

Height (cm)

Weight (kg)

Body mass index (kg/m2)
Fat mass (kg)

Fat-free mass (kg)

Body fat percentage

Mean + SD, median (IQR), or %

47.8

762
4.0
12
34
15.2

40.3
46.8
129

7.1
378
552

730

56(5.3-60)
1503 (1305 - 1700)
48+11

56+05
116.5(112.5-120.5)
20.8(18.8-227)
15.3(14.6-16.0)
40(3.2-5.1)
16.6(15.4-17.8)
19.5(16.3-23.3)

11.8+04

1537 (148.5-158.1)
40.5(36.1 - 45.6)
17.1(15.8-18.7)
9.0(7.3-11.4)
31.5(28.1-34.8)
23.0(19.4-26.8)

Values are medians (IQR) for continuous variables with a skewed distribution or means +SD for continuous variables with a normal

distribution and percentages for categorical variables.

* theoretical range 0-10, a higher score reflects a better diet quality.
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Table 5.2. Cut-off values of the diet quality score components and intakes, and scores of the differ-
ent diet quality score components (n=844).

Component Cut-off values Unit Intake g/d Score

Fruit > 150 g/d 112 (78-169) 0.75 (0.52-1.00)
Vegetables >125 g/d 64 (40-96) 0.51(0.32-0.77)
Whole-grains >90 g/d 99 (72-130) 1.00 (0.80-1.00)
Fish >55 aglw 38(10-75) 0.68(0.18-1.00)
Pulses >84 aglw 18 (0-53) 0.21(0.00-0.63)
Nuts >15 g/d 54(1.1-10.7) 0.36(0.07-0.71)
Dairy >300 g/d 159 (61-279) 0.53(0.20-0.93)
Qils and soft or liquid fats >30 g/d 11(6-17) 0.37 (0.19-0.56)
Sugar-containing beverages <150 g/d 244 (147-362) 0.00 (0.00-0.02)
High-fat and processed meat <250 glw 280 (162-416) 0.00 (0.00-0.35)

Values are median (IQR). Maximum score per component: 1 (van der Velde LA, Nguyen AN, Schoufour JD, et al. Diet quality in child-
hood: the Generation R Study. Eur J Nutr. 2018.).
Because for some food components, the guidelines include a range rather than fixed number, we used the mean of this range, as

mean age of the children in our study at dietary assessment was around 6 years.

Diet quality and growth and body composition

After adjustment for sex, age, and baseline anthropometric values (model 1), results from linear
regression models showed that higher diet quality at age 5 years was associated with lower weight,
BMI, FMI, and BF% at age 12 years (model 1: B= -0.69 SDS (95%Cl: -0.99, -0.40) for weight; B= -0.28
SDS (95%Cl: -0.38, -0.17) for BMI; B=-0.16 SDS (?5%Cl: -0.23, -0.09) for FMI; and B= -0.46 SDS (95%Cl:
-0.71, -0.21) for BF%) (Table 5.3). After additional adjustment for socioeconomic and lifestyle factors
(model 2), total calorie intake (model 3), and pubertal stage (model 4), associations of diet quality with
body composition outcomes slightly attenuated but remained statistically significant for weight, BMI
and FMI (model 4: B=-0.49 SDS, (95%Cl: -0.80, -0.18) for weight; B=-0.18 SDS (95%Cl: -0.29, -0.07) for
BMI; B=-0.09 SDS (95%Cl: -0.17, -0.02) for FMI; and B= -0.24 SDS (95%Cl: -0.50, -0.03) for BF%) (Table
5.3). In the adjusted models (model 4), diet quality was not associated with height, FFMI, or BF%.

We found a statistically significant interaction of diet quality with child’s sex for the association with
FFMI (p-for-interaction = 0.04), but not with other outcomes (p-for-interaction > 0.05). After stratifying
our analyses for boys and girls, we observed that girls with a higher diet quality score had a lower
FFMI (8= -0.12 SDS (95%Cl: -0.22, -0.02), whereas in boys, diet quality was not associated with FFMI
(B=0.01 SDS (95%Cl: -0.08, 0.11).

Associations for the diet quality score in quintiles were generally similar to those for the diet score as
continuous variable (Supplemental Table 5.2). Children with a diet quality score in the highest quintile at
age 5years had a 1.74 SDS lower weight (95%Cl -2.84, -0.65) at age 12 years compared to children in the
lowest quintile. For BMI and FMI we observed associations in the same direction, but with smaller effect
estimates (3= -0.67 SDS (95%Cl: -1.07, -0.27) for BMI; and = -0.33 SDS (95%Cl: -0.60, -0.06) for FMI).

Diet quality in relation to body composition in childhood 105




For outcomes at the age of 5 years, we observed that children with a diet quality score in the highest
quintile had a 0.38 SDS higher BMI (95%Cl 0.09, 0.67) compared to children in the lowest quintile
(Supplemental Table 5.3). No associations were observed for diet quality with other body composi-
tion outcomes at the age of 5 years.

Discussion

We evaluated diet quality in children around the age of 5 years and examined associations with body
composition after a 7-year follow-up in a large population-based cohort of children. We observed
that diet quality in our study population was suboptimal. Intake of whole grains was generally in
line with dietary guidelines, but intakes of sugar-containing beverages, and high-fat and processed
meat were almost always higher than recommended. We also observed that a higher diet quality in
childhood was associated with a lower weight, BMI and fat mass at age 12 years but not with height.
Associations with fat free mass differed by child sex.
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Interpretation and comparison with previous studies

Diet quality was suboptimal in our population of children. On average, only half of the dietary guide-
lines were met. This is in line with diet quality observed in other population-based studies among
children in the Netherlands 13 and the US 18. Although the majority of the children in this cohort has
a sufficient intake of whole grains, with 64.1% of the children reaching the maximum score for this
component (i.e., fully adhering to the guideline), most children do not meet recommendations for
intakes of several other components. Especially the intake of pulses was generally much lower than
recommended, whereas intakes of sugar-containing beverages and of high-fat and processed meat
were generally much higher than recommended. Previous studies have shown that consumption
of sugar-containing beverages and high-fat meat is associated with higher risk of obesity and type
2 diabetes [19-21]. It has also been shown that dietary intake tracks from childhood to adulthood
22,23, emphasizing the need to improve intake of these dietary components in childhood to prevent
the development of chronic diseases later in life.

In our study, we indeed also observed that higher diet quality in childhood was associated with
a lower weight, BMI, and fat mass 7 years later. These associations were especially pronounced for
diet quality score in the highest quintile compared to the lowest quintile. We observed that chil-
dren in the highest quintile of diet quality also had the highest total energy intake per day. Total
energy intake and diet quality are not necessarily correlated, as the high energy intake could also
be obtained from unhealthy food products, which are not included in the diet quality score. Still, our
findings were independent of total energy intake, suggesting that not only the quantity, but also the
quality of the diet may be an important factor in lowering risk of overweight in childhood.

Our findings are in line with previous studies reporting lower BMI or fat mass in children with a higher
diet quality [4,5], although previous analyses in the Generation R Study using the same diet quality
score found associations no associations with a lower fat mass but with a higher fat-free mass 7,24.
This suggests that higher diet quality in childhood may be associated with lower risk of adiposity and
a better body composition (i.e., lower body fat mass and/or a higher lean mass) in children. Further
studies are needed to explore associations of diet quality with detailed measures of body composi-
tion at different ages across childhood.

Strengths and limitations

Strengths of this study include its large sample size, the population-based, longitudinal design, and
the availability of data on several potential confounders. Another strength is that we evaluated overall
dietary intake rather than one single nutrient or food and we used age-specific dietary guidelines.
The advantage of studying overall diet is that it takes the correlations between foods and nutrients
into account [28]. As BMI only is not an accurate measure of adiposity, it is important to examine
detailed measures of body composition, especially in growing children. We therefore assessed
detailed measures of body composition using BIA. In addition, we studied prospective associations
with later childhood body composition, adjusted for the baseline values of outcome measures.

Several limitations should be taken into account as well. Dietary intake was assessed with a FFQ,
which may be subject to measurement errors. However, the FFQ that we used showed reasonable to
good validity for estimating energy intake in a previous validation study against the doubly labelled
water method [11]. Another potential limitation is that we calculated age- and sex-specific SD-scores
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for the outcomes based on children within the ABCD study, because no external standard refer-
ence values are available for body composition. Therefore, if body composition of the whole study
population would shift in the same direction between the two time points, individual changes could
not be detected. Our findings may not begeneralizable to all children, since the majority of our study
participants were highly educated. Finally, a higher diet quality may be a proxy for an overall healthy
lifestyle, which could potentially confound associations of diet with adiposity. Although we had data
on a large number of potential confounders such as physical activity, we cannot rule out unmeasured
or residual confounding.

Conclusion

In conclusion, we observed that diet quality in a population-based sample of Dutch children was
suboptimal. Generally, intake of whole grains was sufficient, whereas intake of pulses was too low
and intake of sugar-containing beverages and high-fat and processed meat were higher than
recommended. Higher diet quality was associated with lower weight, BMI, and fat mass up to the age
of 12 years. Our findings emphasize the importance of diet quality in childhood in the prevention of
an unhealthy body composition in childhood.
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Dietary Patterns by Level of Maternal Education and
Their Contribution to BMI, Fat Mass Index, and Fat-
Free Mass Index at Age 5 and the Longitudinal Associa-
tion with BMI at Age 10
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Abstract

Background

Our aim was to identify dietary patterns by the level of maternal education that contribute to BMI,
fat mass index (FMI), and fat-free mass index (FFMI) in children at age 5 and to assess if these dietary
patterns are related to BMI at age 10.

Methods

Per group (low/middle/high level), Reduced Rank Regression (RRR) was used to derive dietary patterns
for the response variables BMI z-score, FMI, and FFMI in 1728 children at age 5 in the Amsterdam
Born Children and their Development (ABCD) cohort. Regression analyses were then used to deter-
mine the association with BMI at age 10.

Results

In each group, pattern 1 was characterized by its own cluster of food groups. Low: water/tea, sa-
voury snacks, sugar, low-fat meat, and fruits; middle: water/tea, low-fat cheese, fish, low-fat dairy, fruit
drink, low-fat meat, and eggs; and high: low-fat cheese, fruits, whole-grain breakfast products, and
low-fat and processed meat. Additionally, in each group, pattern 1 was positively associated with BMI
z-scores at age 10 (low: B = 0.43[95% Cl = 0.21; 0.66], p < 0.001, middle: B = 0.23[0.09; 0.36], p <0.001,
and high: 3 =0.24[0.18; 0.30], p < 0.001).

Conclusions

The dietary patterns stratified by the level of maternal education are characterized by different food
groups. But in all the groups, pattern 1 is positively associated with BMI at age 10.
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Introduction

Differences in BMI and body composition in children are unequally distributed across socio-economic
status (SES) groups and these differences already start at an early age [1,2]. Underweight as well as
overweight and obesity are risk factors for the development of diseases [3,4]. Dietary patterns are
important determinants of BMI and body composition in childhood [5], and they are associated with
SES [6]. In several birth cohort studies, a higher consumption of a healthy dietary pattern in young
children was associated with a higher SES, while a higher consumption of an unhealthier/junk pattern
was associated with a lower SES [7,8]. We observed similar findings in the Amsterdam Born Children
and their Development (ABCD) cohort, where data on dietary intake was available at age 5 [9].

A number of studies have observed cross-sectional or longitudinal associations between dietary
patterns and BMI and body composition in children from Western European countries [10-14].
Surprisingly, some studies have observed that the consumption of 'healthy’ dietary patterns increased
levels of overweight or obesity [10,11]. Also, the consumption of dietary patterns high in processed
foods decreased the prevalence of overweight or obesity [10]. We also observed this tendency in the
ABCD cohort [13]. When children were 5 years old, higher scores on a healthy dietary pattern were
associated with increased weight development, and higher scores on a full-fat dietary pattern were
associated with decreased weight development between the ages of 5 and 10 years [13]. Crucially,
these described dietary patterns were obtained via an a posteriori method (PCA) or an a priori meth-
od (diet score). To understand which dietary components are most associated with BMI and body
composition in children, we applied Reduced Rank Regression (RRR) analysis. RRR combines the
a posteriori and a priori methods. Dietary patterns are identified in an exploratory way but are based
on a priori knowledge in the form of pre-selected response variables that are thought to link dietary
patterns to disease risk [15]. Few studies have derived dietary patterns using RRR that were related to
BMI and body composition. However, these RRR-derived dietary patterns were obtained in a different
age category [16] or nutrient intakes were used as response variables [17].

Deriving dietary patterns that explain most of the variation in BMI, fat mass index (FMI), and fat-free
mass index (FFMI) cross-sectionally will enable us to identify high-risk dietary patterns that are
associated with BMI later in life (longitudinally). In addition, deriving dietary patterns stratified by
the level of maternal education as a proxy for SES will provide us with information about differences
in food items that contribute to the explained variation in BMI and measures of body composition
across the different groups. This information might give health care professionals starting points for
targeted interventions.

Therefore, it is of interest to (1) identify dietary patterns stratified by the level of maternal education
which explain most variance in BMI, FMI, and FFMI at age 5, and (2) to assess to which extent these
dietary patterns are related to BMI and weight status at age 10.

Materials and Methods

Study design and population
This study was part of the ABCD cohort, a large ongoing community-based birth cohort (http://www.
abcd-study.nl/ (accessed on 3 August 2024)). The design of the cohort study has been described previ-

ously [18]. Between January 2003 and March 2004, all pregnant women who were living in Amsterdam
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were invited to participate in the ABCD cohort at their first parental care visit. Of the 12,373 women
that were approached, a number of 8266 women filled out a ‘pregnancy questionnaire’. At age 5, the
addresses of 6161 mothers were retrieved from the Youth Health Care registry. A '5-year question-
naire’ was sent to the woman'’s home address and a number of 4488 questionnaires were filled out by
the mothers. These woman's received an invitation for a 'health check’ which was attended by 3321
children and a self-administered Food Frequency Questionnaire (FFQ). A number of 2851 mothers
completed the FFQ. At age 10, the parents received an invitation for a preventive health check of
their child, arranged by Youth Health Care part of the Public Health Service Amsterdam, carried out
at their primary school. A number of 1728 children had valid data on diet at age 5; BMI, FMI, and
FFMI at age 5; maternal education; and BMI at 10 years, and were included in the present analyses
(Figure 6.1).

Pregnant women approached

n=12373

:

Pregnancy questionnaires returned

n=8 266

n=132 excluded due to multiple
L" pregnancy, n=92 due to a miscarriage

or fetal death, n=179 lost to follow-up

Live-born singleton infants

n=7 863

n=1 128 excluded due to no permis-
L" sion for follow-up, n=574 excluded

due to lost to follow-up

Approached for follow-up at age 5
n=6 161

¢ n=1673 excluded due to
I ——

non-response

5-year questionnaires returned

n=4 488

v v

FFQs returned
Attended 5-y health check n=3 321 > Valid FFQ's n=2 782
n=2 851

: :

A number of n=1728 children had valid data on diet at age 5 and BMI, FMI

Attended 10-y preventive health
and FFMI at age 5< maternal eduaction, and BMI at 10 years and were
check n=2 268

included in the present analysis

Figure 6.1. Flow chart of the participants included in the present analyses (n = 1728).
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Assessment of dietary intake and patterns

When the children were 5 years old, their mother completed a 71-item FFQ that was developed and
validated by TNO Food (Zeist, the Netherlands) [19]. Per food item, the consumption frequency, type of
product, and portion size consumed during the previous 4 weeks were reported. The given frequency
options were ‘never’, ‘less than once a week’, ‘once a week’, '2-3 times a week’, '4-5 times a week’, and
'6-7 times a week'. Based on the data clearance protocol developed by TNO Food, the returned FFQs
were scanned. Data on the amounts (g/day) of products consumed and energy intake was calculated
using the Dutch Food Composition Database (NEVO) 2010 [20]. A number of 41 food groups were
composed and per food group, the energy-adjusted intake (g/d) was calculated [9].

Reduced Rank Regression (RRR) analyses identify dietary patterns in an exploratory way, but use
pre-selected response variables that are thought to link dietary patterns to disease risk [15]. For the first
research objective, RRR was used to identify dietary patterns for the response variables BMI z-score,
FMI, and FFMI at age 5. This analysis was conducted separately per level of maternal education. Initially,
three dietary patterns were derived that explained the maximal variance in the response variables. As
the third RRR-derived dietary pattern contributed <10% to the total variance explained, it was left out
of the subsequent analyses. RRR analyses produce a continuous score for each dietary pattern per
individual, which represents the extent to which the dietary intake adheres to the dietary pattern.

Assessment of BMI

When the children were 5 years old, height and weight were measured during the ABCD 'health
check’. The children were measured by trained researchers according to standard protocols using
a Leicester portable height measurer (Seca, Kettering, United Kingdom) and a Marsden weighing
scale (model MS-4102, Advanced Health Products, London, United Kingdom). When the children
were 10 years old, height and weight were measured by a health professional during the preventive
health check at the children’s primary school. During all the measures, the children wore light clothing.
Height and weight were calculated into BMI scores [weight (kg)/height (m)2]. To categorize BMI
scores into underweight, normal weight, and overweight/obesity, age- and sex-specific BMI cut-offs
from the International Obesity Task Force [3,21] were used. Also, the BMI scores were converted to
age- and sex-specific BMI z-scores (SD scores) by comparison with the "World Health Organization
standards’ [22].

Assessment of FMI and FFMI

When the children were 5 years old, components of body composition were measured to calculate
FMI and FFMI during the ABCD ‘health check’ where children were measured by trained researchers
according to standard protocols. Fat mass (FM) with arm-to-leg bioelectrical impedance analysis (BIA)
was measured (Bodystat 1500 MDD machine (Bodystat Inc., Douglas, UK)), fat-free mass (FFM) was
measured (weight (kg)—FM), and fat mass index (FMI) (fat mass (kg)/height (m)2) and fat-free mass
index (FFMI) (fat-free mass (kg)/height (m)2) were calculated.

Assessment of Socio-Economic Status
The level of maternal education was obtained via the ‘5-year questionnaire’ and was used as a proxy
for SES. It was defined as the number of years of post-primary education and categorized as low (<6

yrs), middle (610 yrs), and high (>10 yrs) [9,23].
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Assessment of Potential Confounders

Potential covariates that might influence the association between dietary patterns and BMI, un-
derweight, and overweight/obesity at age 10 were the children’s exact age at the 5-year height
and weight measurement, sex, maternal BMI, screen time, and ethnicity. Maternal BMI and screen
time were collected via the '5-year questionnaire’. Maternal BMI (kg/m2) was based on mothers’
self-reported height and weight when the child was 5 years old. Screen time (h/day) was based on
the duration in hours that the child spent watching TV or using a computer or console per day at age
5 [24]. Ethnicity was defined using data from the ‘pregnancy questionnaire’ and was based on the
country of birth of the pregnant woman and her mother, including both first-generation women (born
outside the Netherlands) and second-generation women (born in the Netherlands but whose mother
was born in another country). We defined five groups: Dutch, Turkish, African Surinamese, Moroccan,
and “other” ethnicities (mostly of non-Western origin).

Statistical Analysis

Population and anthropometric characteristics were described in numbers with percentages or
means with standard deviations (SDs) for each maternal education level separately. ANOVA and post
hoc Bonferroni were applied to show differences by maternal education group.

For the second research objective, linear regression was used to determine to which extent the
RRR-derived dietary patterns at age five were associated with the BMI z-scores at age 10. Logistic
regression was used to determine to which extent the RRR-derived dietary patterns were related to
underweight and overweight/obesity at age 10. Of each dietary pattern, the individual pattern score
was used as the continuous independent variable and the BMI z-score at age 10, underweight at age
10, and overweight/obesity at age 10 were used as the dependent variables (Model 1; crude). In the
adjusted model (Model 2), the association was adjusted for children’s exact age at the 5-year height
and weight measurement, sex, maternal BMI at age 5, screen time at age 5, and ethnicity. The RRR
analyses were performed in SAS® OnDemand for Academics version STAT 15.2. The other analyses
were performed in IBM SPSS Statistics version 28 for Windows. The level of statistical significance
was 0.05.

Results

Population Characteristics

Table 6.1 presents the characteristics of the study population (n = 1728) stratified by the level of
maternal education. Most children (68.3%) had higher-educated mothers, 19.8% middle and 11.8%
had mothers with a lower education level. Mean (SD) age was 5.9 (0.5) in the low, 5.7 (0.5) in the middle,
and 5.6 (0.4) years in the children of higher-educated mothers at the 5-year health check. The high-
est BMI z-scores at age 5 were observed in the group of lower (0.42 SD 1.21) and middle-educated
mothers (0.08 SD 1.04) and the lowest BMI z-scores were observed in the group of higher-educated
mothers (-0.06 SD 0.81).
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Table 6.1. Population characteristics of the ABCD study population at age 5 and 10 years by mater-
nal education level (n = 1728).

Low (n = 204) Middle (n = 343) High (n =1 181)
Age, in years, mean (SD) Age 5 59(0.5)* 5.7 (0.5 * 5.6 (0.4) *
Age 10 10.6 (0.4) 10.7 (0.4) 10.6 (0.4)
Sex, n (%) boys 108 (52.9) 178 (51.9) 574 (48.6)
Screen time, in h/day ®,
mean (SD) Age 5 2.30(1.21)* 1.79 (1.04) * 1.17 0.75) *
Maternal BMI, in kg/m2°,
mean (SD) 266(57)* 24.9(5.0)* 229(3.3)*
Ethnicity, n (%)
Dutch 83(40.7) * 235 (68.5) * 1053 (89.2) *
African Surinamese 18(8.8) * 34 (9.9 * 24 (2.0) *
Turkish 22(108) * 16 (4.7)* 6(0.5)*
Moroccan 44 (21.6)* 3293 * 17 (1.4)*
Other ethnicities 37(18.1)* 26(7.6)* 81(69*
BMI z-score, mean (SD) Age 5 042(1.21)* 0.08 (1.04) -0.06 (0.81)
Age 10 0.64 (1.29) * 0.23(1.16) * -0.17 (0.96) *
FFMI, in kg/m2, mean (SD) Age 5 12.19(0.84) 12.25(0.83) 12.26 (0.80)
FMI, in kg/m2, mean (SD) Age 5 3.97 (1.84)* 3.32(1.43)* 3.01(1.03) *

2 level of maternal education was defined as the number of years of post-primary education: low (<6 yrs), middle (6~10 yrs), and high
(>10yrs); ® data on screen time was missing for n = 7 subjects; < data on maternal BMI was missing for n = 88 subjects.

* significant (p < 0.05) with all the groups.

RRR-derived dietary patterns by maternal education

In each group, the first dietary pattern was positively associated with the BMI z-score and FMI. In
the children with higher-educated mothers, pattern 1 was also positively correlated with FFMI. The
explained variances in response variables were 15.4%, 12.2%, and 4.9% for the low, middle, and
high maternal education groups, respectively. We observed differences as well as similarities in food
groups characterizing the RRR-derived dietary patterns between each group (Table 6.2). Food groups
that are typical for children of lower-educated mothers were water/tea with sugar, savoury snacks,
low-fat meat and fruits (positive loadings), and sweet sandwich toppings, tomato sauce, peanut
butter, whole-grain warm meals, healthy snacks, and high-fat meat (negative loadings). Water/tea,
low-fat cheese, fish, low-fat dairy, fruit drinks, eggs and low-fat meat (positive loadings), and boiled
potatoes and healthy snacks (negative loading) were typical for children of middle-high-educated
mothers. For the children of higher-educated mothers, typical food groups included low-fat cheese,
fruits, whole-grain breakfast products, low-fat and processed meat (positive loadings), and full-fat
dairy and tomato sauce (negative loading). Water/tea, low-fat meat, low-fat cheese and fruits (positive
loadings), and tomato sauce for pasta and healthy snacks (negative loadings) were representative of
RRR-derived pattern 1 in multiple groups. For comparison reasons, Supplemental Table 6.1 provides
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an overview of all the factor loadings on the RRR-derived dietary pattern 1 in the total ABCD cohort
(n <1728) as well as in each level of maternal education.

The second dietary pattern was positively associated with FFMI in all the groups, and negatively
associated with FMI in the higher maternal education group. The explained variances in the response
variables for the second pattern were 8.09% (low), 3.70% (middle), and 1.57% (higher maternal
education level). The food groups characterizing RRR-derived pattern 2, stratified by the level of
maternal education, are shown in Supplemental Table 6.2. Additionally, Supplemental Table 6.3 pro-
vides an overview of all the factor loadings on the RRR-derived dietary pattern 2 in the total ABCD
cohort (n < 1728) and in each group separately.

Table 6.2. Food groups with factor loadings > 0.20 on the RRR-derived dietary pattern 1 with the
BMI z-score, FMI, and FFMI at age 5 as response variables in the ABCD cohort (n = 1 728).

Low (n = 204) Middle (n = 343) High (n = 1 181)
Food Group Load Food Group Load Food Group Load
Positive loadings
Water/tea 0.25 Water/tea 0.35 Low-fat cheese 0.37
Savory snacks 0.24 Low-fat cheese 0.32 Fruits 0.33
Sugar 0.22 Fish 0.28 Whole grain breakfast
products 0.22
Low-fat meat 0.20 Low-fat dairy 0.28 Low-fat meat 0.21
Fruits 0.20 Fruit drink 0.25 Processed meats 0.21
Eggs 0.24
Low-fat meat 0.24

Negative loadings

Sandwich toppings sweet -0.33 Boiled potatoes -0.22 Full-fat dairy -0.40

Tomato sauce for pasta —-0.27 Healthy snacks -0.21  Tomato sauce for pasta -0.23
Peanut butter -0.23
Whole-grain warm meals -0.21
Healthy snacks -0.21
High-fat meat -0.20

Variance explained
in food intake, % 2.64 279 3.06
Variance explained

in response variables, % 15.39 12.21 4.90
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RRR-Derived dietary patterns related to BMI Z-scores and weight status at
age 10

In the children of lower- and middle-educated mothers, the mean BMI z-score at age 10 was higher
(M =0.64 [SD < 1.29] and M = 0.23 [1.16], respectively) compared to age 5, while in the children of
higher-educated mothers, the mean BMI z-score was lower at age 10 (M = —0.17 [0.96)).

In all the groups, the percentage of children with overweight or obesity at age 10 was higher compared
to age 5, although the percentage was highest in the children of lower-educated mothers (34.8% vs.
16.9% in middle and 6.4% in high at age 10 and 25% vs. 11.5% in middle and 5.1% in children of
higher-educated mothers at age 5).

In the children of lower and middle-educated mothers, the percentage of underweight children at
age 10 was lower than at age 5 (13.2% and 15.1%, respectively, at age 5 and 10.3% and 11.1%, respec-
tively, at age 10) while the percentages of underweight children in higher-educated mothers were
12.9% at both age 5 and 10.

In all the groups, pattern 1 was associated with higher BMI z-scores at age 10 and higher odds of
being overweight or obese at age 10 with the strongest associations observed in the children of
lower-educated mothers (B = 0.43 [95% Cl = 0.21; 0.66], p < 0.001 for BMI z-score and OR over-
weight/obesity = 2.21 [1.32; 3.72], p < 0.003), and with a lower odds of being underweight (Table 3).
However, these associations were only statistically significant in children of higher-educated mothers
(OR underweight = 0.66 [0.53; 0.81], p < 0.001). Pattern 2 was mainly associated with lower odds of
being overweight/obese at age 10 (OR = 0.66 [0.52; 0.83], p < 0.001) in children of higher-educated
mothers only (Supplemental Table 6.4).

Table 6.3. The association between the RRR-derived dietary pattern 1 at age 5 and BMI z-score and
weight status at age 10 by the level of maternal education (n = 1 728).

Level of Maternal Education: B (95%-Cl) 2 p-Value OR (95%-Cl) p-Value OR (95%-Cl) p-Value
Low (n=204)
Model 1: crude 0.50(0.28; 0.72) <0.001 0.45(0.25; 0.81) 0.008 2.57 (1.65; 4.00) <0.001
Model 2: adjusted ®  0.43 (0.21; 0.66) <0.001 0.52 (0.26; 1.03) 0.06 2.21(1.32;3.72) 0.003
Middle (n=343)
Model 1: crude 0.40 (0.27; 0.53) <0.001 0.60 (0.39; 0.93) 0.02 2.06(1.50; 2.83) <0.001
Model 2: adjusted ®  0.23 (0.09; 0.36) 0.001 0.73 (0.46; 1.16) 0.18 1.52 (1.06; 2.19) 0.02
High (n = 1181)
Model 1: crude 0.26 (0.20; 0.32) <0.001 0.65 (0.53; 0.78) <0.001 1.76(1.37; 2.25) <0.001
Model 2: adjusted ®  0.24 (0.18; 0.30) <0.001 0.66 (0.53; 0.81) <0.001 1.81(1.37; 2.38) <0.001

# regression coefficients reflect a change in the BMI z-score at age 10 for a 1-unit increase in dietary pattern score;
> model 2 is adjusted for children’s exact age at the 5-year height and weight measurement, sex, maternal BMI, screen time at age
5, and ethnicity; because of missing values, n= 635 subjects (low n=173, middle n= 26, and high n=1 136) were included in the

adjusted analyses.
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Discussion

In a large population-based cohort study in young children, we used RRR to derive dietary patterns
stratified by the level of maternal education that explain the variation in BMI z-score, FMI, and FFMI
at age 5. We observed similarities as well as differences in the food groups that characterized each
dietary pattern. Yet, RRR-derived pattern 1 was positively associated with BMI z-scores and higher
odds of being overweight or obese at age 10 in all the groups.

Interpretation and comparison with previous studies

In each group, we identified a dietary pattern that was correlated with BMI and FMI and a dietary
pattern that was correlated with FFMI. To the best of our knowledge, we did not find other studies
deriving dietary patterns in children stratified by the level of maternal education. Generally, dietary
patterns are derived within the total population and subsequently associated with (measures of) SES
[5,7-9]. As differences in BMI are unequally distributed across SES groups [1,2], the derived dietary
patterns could potentially give insight into which food groups contribute to the variance in BMI,
FMI, and FFMI in young children from mothers with different education levels. Indeed, our analy-
sis indicates that although there were some similarities, different food groups contributed to the
dietary pattern associated with increased body weight at the follow-up (age 10). In our study, the
consumed food items were reduced to 41 food groups based on culinary use and nutritional value
[9]. Each food item in the Food Frequency Questionnaire was linked with at least one food item in
the Dutch Food Composition Database [20]. It might be possible that food items are consumed in
different combinations implicating possible different classifications of food groups than used in our
study. For example, the food group ‘sugar’ consist of sugar consumed as a sweetener in yogurt or
cereals, but also as a sweetener consumed in tea. In the children of lower-educated mothers, both
the intake of water/tea (0.25) and sugar (0.22) were of importance for pattern 1. In the middle group,
however, the intake of water/tea was of importance (0.35) while the intake of sugar (-0.10) did not
characterize pattern 1. Sensitivity analyses show that in the children of lower-educated mothers, more
children consumed sugar as a sweetener in tea (75%) compared to 67% in the middle- and 40% in
the children of higher-educated mothers, and that the average intake was highest in consumers in
the lower (2.55 (2.70) compared to the middle (2.18 (2.60)) and higher maternal education groups
(1.47 (2.12)). These observations possibly reflect the different culinary uses of the food items between
the different groups. In the children of lower-educated mothers, the possible use of tea and sugar
in tea as a sweetener could be combined in a food group ‘sugar-sweetened beverages’. However,
interestingly, we observed in all the groups that pattern 1 was mainly characterized by a high intake
of food items generally considered as healthy which could not be further explained by the possible
differences in culinary use between the groups. In the lower maternal education group, these items
were water/tea, savoury snacks, sugar, low-fat meat, and fruits. In the middle group, these items
were water/tea, low-fat cheese, fish, low-fat dairy, fruit drinks, eggs, and low-fat meat and in the
higher maternal education group, these items were low-fat cheese, fruits, whole-grain breakfast prod-
ucts, low-fat meat, and processed meat (Table 2). The Dutch Generation R cohort has also derived
a dietary pattern associated with a higher FFMI (high intakes of whole-grain products, pasta, rice,
fruit, dairy, vegetable oils and fats, and non-sugar-containing beverages) and a dietary pattern that
was associated with both FMI and FFMI (high intakes of refined grain products, potatoes, meat, fish,
soups, sauces, and sugar-containing beverages) [16]. However, these patterns were derived at age
1 and unlike our results, the FMI pattern was not characterized with food items generally considered
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as healthy. It might be possible that parents provide their children with more 'healthy food items’
when children are already overweight, which possibly indicates reverse causality. From birth, the
weight development of children is monitored through Youth Health Care (YHC). Possibly, the YHC
gave nutritional advice if the weight development of children was suboptimal, which could have re-
sulted in adjusted nutritional habits. Sensitivity analyses showed that in all the groups, all the food
items that were positively related to pattern 1 were consumed in higher amounts by the children with
higher BMI z-scores at age 5 (BMI z-scores > 1) than by the children with lower BMI z-scores (BMI
z-scores < 1). Food items that were negatively related to pattern 1 were consumed in lower amounts
by the children with higher BMI z-scores. Food items that were positively related to pattern 2 did not
show a clear pattern. In the total population and in children of higher-educated mothers, ‘traditional
healthy bread items’, e.g., whole-grain breakfast products and full-fat spreads, were related to the
variation in FFML.

The longitudinal results showed that in each group, a positive association was found between the
RRR-derived pattern 1 and BMI z-scores and the risk of overweight or obesity at age 10, which was
strongest in the lower maternal education group, while only in the higher maternal education group,
the RRR-derived pattern 2 was associated with lower odds of being overweight/obese at age 10.
We observed increasing associations with decreasing levels of maternal education (pattern 1: low
(B =0.43[95% Cl = 0.21; 0.66] and high (B = 0.24 [95% CI = 0.18; 0.30] and pattern 2: low (3 = 0.22
[95% ClI = —0.01; 0.46] and high (8 = —=0.05 [95% CI = —=0.10; —0.005]) which is in line with, and could be
partly explained by the observed increasing percentages of the explained variances of the response
variables in the lower maternal education group. Our results underline that the derived food patterns
at age 5 are strongly associated with the risk of overweight development at age 10 in children of
lower-educated mothers than children in other groups. The observed longitudinal results are in line
with earlier results in our cohort that showed that higher scores on a PCA-derived 'healthy’ pattern
at age 5 (also associated with high intakes of water/tea, fruits, and fish and low intakes of sweet
sandwich toppings) were also associated with significantly higher BMI z-score at age 10 in all the SES
groups [13]. Higher scores on a ‘full-fat’ pattern at age 5 (also high intakes of full-fat spreads) were
associated with significantly lower BMI at age 10 in high SES children [13]. These findings are also
in line with results from the Generation R cohort, where the FFMI pattern was positively associated
with FFMI at age 6 but not with FMI [16] and these associations remained up to age 10 [25]. A higher
diet quality at the age of 1 and 8 years old was (independent of diet quality of the other time point)
associated with higher BMI until the age of 10 years and was explained by a higher FFMI [25]. Unlike
few studies [16,25,26] but in line with another study [27] we did not observe indications that the asso-
ciation between ‘healthy dietary patterns’ and BMI in children would be explained by the amount of
FFMI rather than FMI.

In our cohort, interestingly, only in children of higher-educated mothers, pattern 2 was associated with
lower BMI z-scores at age 10 and lower FMI at age 12 (Supplemental Tables S5 and Sé). These results
suggest that in this group of children, possibly other protecting mechanisms are present that prevent
the development of overweight at age 10. The results in our cohort also show that in the children of
higher-educated mothers, the mean BMI z-score at age 10 was lower than in the children of lower and
middle high educated mothers, which is in line with general observations [28,29].

Methodological Considerations
A strength of this study is the population-based cohort-d/esign that included a number of 1728 chil-
dren with complete data on diet, maternal education, BMI, FMI, and FFMI at age 5 and BMI at age

10 years. In other studies using RRR, generally, nutrients [17] or disease-specific intermediates [30]
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were used as response variables. As childhood obesity is unequally distributed across socio-econom-
ic status (SES) groups, we target this public health problem by using BMI as well as FMI and FFMI as
the response variables. Body mass includes fat mass, lean mass, and bone mass [31,32]. Therefore,
increased BMI could be caused by increased fat mass or increased lean mass, or a combination
[33]. Analyses stratified per level of maternal education, used as a proxy for SES, gave an overview
of dietary patterns that explain the differences in the variation in BMI and other measures of body
composition in each group.

Height, weight, and components of body composition were measured by trained researchers and
health professionals using standard protocols. Data on BMI were available when children were 5,
10, and 12 years old. FMI and FFMI were not available at age 10, but were available at age 5 and in
a select population at age 12. Longitudinal analyses describing the observed associations between
the dietary patterns and BMI, FMI, and FFMI in each group were conducted as sensitivity analyses.
We observed comparable associations at age 10 and age 12. In each group, pattern 1 was positively
associated with FMI at age 12 while pattern 2 was negatively associated with FMI at age 12 in the
children of higher-educated mothers. The results are shown in Supplemental Tables S5 and Sé.
There are also a few possible limitations. Possibly, some biases may have been introduced into the
analyses, especially because the non-responders came more often from lower maternal education
groups. Response rates per SES group were 11% for the low plus middle SES group combined and
38% for the high SES group. A non-response analysis determining the level of selective response and
selection bias between pregnancy and birth outcomes indicated that selective non-response was
present in the ABCD cohort, but that the observed selection bias was acceptably low and did not
influence the studied birth outcomes [34]. Also in our cohort, children from lower-educated mothers
came disproportionally from non-native ethnicities (Table 1). Despite the fact that ethnicity and SES
are correlated, we observed in previous research that the effect of maternal education level is not
only driven by ethnicity [?,13]. We observed that both ethnicity and maternal education explained
differences in dietary pattern scores between groups at age 5 y which may suggest that both are
relevant for the adherence to a specific dietary pattern [9]. Previous results also showed different
prevalences of overweight and obesity within the non-native group despite comparable SES levels
[13]. For example, children of Turkish origin (87% low-/middle-educated mothers) developed more
often (44%) overweight and obesity between the ages of 5 and 10 years than children of Moroccan
origin (24%, 82% low-/middle-educated mothers).

Dietary intake was obtained using an FFQ, which may be subject to measurement errors. Mothers
were asked to report all that their child had eaten or drunk in the last four weeks. In the Netherlands,
parents provide their children with all the consumed foods and drinks while attending primary school.
If children were looked after by a childminder or went to after-school care, mothers were asked to
ask the person responsible what their child ate or drank there. Nevertheless, mothers may not be
fully aware of their children’s exact consumption at all times during the last 4 weeks. The FFQ that we
used showed reasonable to good validity for estimating energy intake in a previous validation study
against the doubly labelled water method [19]. Longitudinal analyses were adjusted for important
confounding factors such as children’s exact age at the 5-year height and weight measurement, sex,
maternal BMI, screen time, and ethnicity. However, in addition, there may be more potential con-
founding factors (e.g., maternal age, health-conscious behaviour of the mother during pregnancy,
parity, breastfeeding, and complementary feeding) that are possibly associated with early life nutri-
tion [35,36].
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Conclusions

Our results indicate that the observed dietary patterns stratified by the level of maternal education
contribute to the variation in BMI, FMI, and FFMI at age 5 and are relevant for longitudinal BMI and
the odds of being overweight or obese at age 10. However, our results also indicate that the possibility
of reversed causality could not be ruled out. To investigate whether parents possibly provide their
children with more 'healthy food items’ when children are already overweight, it is relevant to have
nutritional, weight, and body composition data below the age of 5 years old. In further analyses, also
the use of additional potential confounding factors could be investigated to study the association
between dietary patterns and BMI and body composition in younger children. We observed that each
dietary pattern was characterized by both similar and different food groups. However, these patterns
were also characterized by only a few food groups and one may argue if these food groups actually
represent a dietary pattern. Despite the observed results in our study, the observed dietary patterns
do not necessarily give insights for practical implementations.
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Supplemental Table 6.1. Overview of factor loadings on the RRR-derived dietary pattern 1 with BMI
z-score, FMI and FFMI at age 5 as response variables in the ABCD cohort (n=1728).

Food group Total cohort (n=1728) Low (n=204) Middle (n=343) High(n=1 181)
Fruits 0.14 0.20 0.03 0.33
Vegetables 0.01 0.07 0.13 0.15
Refined breakfast products 0.1 -0.13 0.01 0.00
Whole grain breakfast products -0.07 0.17 0.03 0.22
Low-fat spreads 0.00 0.06 -0.16 0.17
Full-fat spreads -0.15 -0.15 -0.02 -0.07
Low-fat cheese 0.32 0.18 0.32 0.37
Full-fat cheese 0.04 -0.13 0.02 0.14
Processed meats 0.02 0.10 -0.13 0.21
Peanut butter -0.23 -0.23 -0.11 -0.11
Sandwich toppings (sweet) -0.32 -0.33 -0.17 -0.13
Low-fat dairy 0.14 0.05 0.28 0.16
Medium-fat dairy -0.01 0.02 -0.09 0.09
Full-fat dairy -0.17 -0.17 -0.08 -0.40
Unhealthy meals 0.04 0.07 -0.08 0.05
Healthy meals 0.07 -0.03 -0.03 0.16
Tomato sauce (for pasta) -0.23 -0.27 0.02 -0.23
Refined grain products -0.02 -0.19 0.14 -0.17
Whole grain products warm meal  -0.12 -0.21 -0.15 0.04
Fried potato products 0.02 -0.06 -0.09 -0.16
Boiled potatoes -0.02 0.09 -0.22 -0.08
Sauces 0.25 0.08 0.13 0.05
Pulses 0.14 0.11 0.17. -0.05
Fish 0.23 0.09 0.28 0.16
Eggs 0.21 0.16 0.24 0.05
Low-fat meat 0.29 0.20 0.24 0.21
High-fat meat -0.13 -0.20 -0.07 -0.09
Meat alternatives and soy products -0.03 0.00 -0.05 0.08
Granola bars 0.01 0.19 0.03 -0.06
Biscuits and pastries 0.12 -0.03 0.12 0.06
Ice cream -0.01 0.02 -0.09 -0.11
Chocolate and candy 0.04 0.05 -0.03 -0.10
Healthy snacks -0.09 -0.21 -0.21 0.06
Savory snacks 0.27 0.24 0.09 -0.05
Nuts 0.06 0.08 0.12 -0.04
Sugar sweetened sodas 0.06 0.17 -0.06 -0.07
Artificially sweetened beverages ~ 0.12 0.05 0.16 0.09
Fruit drink 0.18 0.18 0.25 -0.17
Fruit drink concentrate -0.19 0.04 -0.18 -0.02
Water and tea 0.30 0.25 0.35 0.16
Sugar 0.04 0.22 -0.10 -0.13
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Supplemental Table 6.2. Overview of food groups with factor loadings > 0.20 on the RRR derived dietary
pattern 2 with BMI z-score, FMI and FFMI at age 5 as response variables in the ABCD cohort (n=1728).

Low (n=204) Middle (n=343) High (n=1181)
Food group Load Food group Load Food group Load
Positive loadings
Tomato sauce for pasta 0.32 High-fat meat 0.31 Granola bars 0.28
Fried potato products ~ 0.33 Vegetables 0.27 Whole grain breakfast
products 0.27
Fruit drink concentrate ~ 0.23 Sandwich toppings sweet 0.25
Granola bars 0.21 Full-fat spreads 0.20
Medium-fat dairy 0.21
Sauces 0.20
Negative loadings
Eggs -0.34 Tomato sauce
for pasta -0.34 Savory snacks -0.35
Low-fat meat -0.33 Biscuits/pastries -0.21 Biscuits/pastries -0.31
Full-fat dairy -0.23 Low-fat meat -0.20 Sauces -0.28
Pulses -0.23 Unhealthy
meals -0.20 Sugar sweetened sodas  -0.20
Sugar -0.20
Avrtificially sweetened
beverages -0.20
Variance explained in
food intake, % 2.35 243 3.79
Variance explained in
response variables, % 8.09 3.70 1.57
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Supplemental Table 6.3. Factor loadings on the RRR-derived dietary pattern 2 with BMI z-score, FMI
and FFMI at age 5 as response variables in the ABCD cohort (n=1728).

Food group Total cohort (n=1728) Low (n=204) Middle (n=343) High(n=1181)
Fruits 0.25 0.12 0.09 0.11
Vegetables 0.21 0.16 0.27 0.03
Refined breakfast products -0.06 -0.04 0.07 -0.09
Whole grain breakfast products 0.30 0.18 -0.08 0.27
Low-fat spreads 0.07 -0.15 0.07 0.03
Full-fat spreads 0.10 -0.02 -0.09 0.20
Low-fat cheese 0.15 0.14 -0.17 0.00
Full-fat cheese 0.05 -0.07 0.13 -0.02
Processed meats 0.19 -0.10 0.1 0.15
Peanut butter 0.05 -0.12 -0.08 0.17
Sandwich toppings (sweet) 0.09 -0.08 -0.09 0.25
Low-fat dairy 0.08 -0.05 0.05 0.01
Medium-fat dairy 0.17 0.17 0.21 0.06
Full-fat dairy -0.32 -0.23 -0.18 -0.06
Unhealthy meals -0.03 0.07 -0.20 -0.02
Healthy meals 0.07 0.17 0.13 -0.11
Tomato sauce (for pasta) -0.15 0.32 -0.34 -0.12
Refined grain products -0.21 -0.14 -0.06 -0.17
Whole grain products warm meal ~ 0.00 0.04 -0.16 0.01
Fried potato products -0.10 0.33 -0.15 -0.16
Boiled potatoes -0.11 0.1 -0.04 -0.12
Sauces -0.11 -0.02 0.20 -0.28
Pulses 0.00 -0.23 0.18 0.03
Fish -0.06 -0.08 0.03 -0.18
Eggs -0.18 -0.34 -0.02 -0.16
Low-fat meat -0.08 -0.33 -0.20 0.03
High-fat meat 0.10 0.1 0.31 0.00
Meat alternatives and soy products 0.06 0.10 -0.13 0.05
Granola bars 0.23 0.11 0.21 0.28
Biscuits and pastries -0.23 -0.01 -0.21 -0.31
Ice cream -0.13 0.1 -0.08 -0.17
Chocolate and candy -0.18 0.07 -0.15 -0.17
Healthy snacks 0.14 0.17 0.18 0.03
Savory snacks -0.24 -0.17 0.19 -0.35
Nuts -0.11 -0.02 -0.12 -0.09
Sugar sweetened sodas -0.22 -0.14 0.00 -0.20
Artificially sweetened beverages ~ -0.10 -0.07 -0.01 -0.20
Fruit drink -0.06 -0.02 0.08 0.01
Fruit drink concentrate 0.14 0.16 0.23 0.05
Water and tea -0.11 -0.13 -0.12 -0.14
Sugar -0.28 -0.17 -0.13 -0.20

136 Chapter 6



'sash|eue paisnlpe ay1 Ul papn|oul 818Mm (9E| | =U [9A8| UOHEINPS [BUISIEW YBIY ‘9ZE=U S|ppIW ‘c/ | =U MO|) $103[gns Geg | =u sanje Buissiw jo asnedaq ‘Adiuyie pue G abe 1e ||Ng [eulsiew ‘G sbe je swi usaids

‘Juswiainseaw 1yBlem pue 1yBiay sieah-G ay) e abe 10exa susIp|Iyd 'X8s 1o} parsnipe si Z [9POIA q ‘@100s usned Alelsip Ul Juswaidul yoes ioj (| abe 1e 8102s-z ||\ ul 8Bueyd 1un-| e 108|481 S1USIDIYS0D UoIssaIBay .

1000> (€8°0'250) 990 LL0 (vZ'L '58°0) €0'L 800 (S00'0‘0L°07) S0'0- 4 pasnipe :Z [9poy
1000> (840250 ¥9'0 180 (Oz'L /800201 700 (€00'0- 11107 900- 8pnud 1| PO
(181 1=\) Yb1H

690 (¥S'L'S£0)80'L €00 (960'8£°0) 090 €10 (¥20'€00) LL'O 4 pasnipe :Z [9poy
S40) (5L z800 €Ll 100 (060°17°0) 190 L00 (201007 €L0 8pnud 1| [9PO
(eve=u) 3lPPIN

50 @81 w091t €00 (€60°£1°0) 070 L00 (9011007 220 4 pasnipe :Z [9poy
690 (65°L %200 80'L L10 (17’1 '5°0) 90 70 (€€0%1°07) 600 8pnud 1| [BPO
(v0g=\) Mo

anjen-d (12-%56) ¥O anjea-d (1-%56) ¥O anjer-d 2 (ID-%G6) @  UOIEINPS [euisiew 4o [9AaT]

"(8Z/ 1 =U) uoneonpa

[eusalew Jo [aas] Aq | ebe 1e snieis 1yBlem pue 210s-Z |G pue G abe 1e 7 uiened Aielsip paAllap-yyy Usamlaq uoijenosse ay] §'9 9|qe] |eiusws|ddng

137

Dietary patterns by level of maternal education and their contribution to BMI and body composition



‘sash|eue paisnipe sy Ul papnpul 81am (GGE=U [9A8] UOIEINPS [eussiew YBIy ‘GoL=u s|ppiw
‘Sp=umo|) s1oafgns gpG=u senjea Buissiw jo asnedaq ‘AldIuyle pue G ebe 1e ||\g [euialew ‘G abe 1e awil ussids ‘uswainseaw 1ybBiem pue 1ybiay sieah-G sy 1e abe 10exe s,uaIp|Iyd ‘Xes 1o} pa1snipe s Z [SPOIA 4(STS

yb1y 9=u ‘535 9ppiw | =u) s1oalgns /=u 1o} Buissiw sem |44 pue |4 uo ereq ‘@103s usened Aiersip ul Juswaidul yoes 10} 7| abe 1e [|N44 pue ||\4 ‘2103s-Z ||\ g Ul 86ueyd 11un-| e 108481 SIUBIDIB0D uoissaibay .

(¢6'1'85°0)90'L (68°0'97°0) ¥9'0 (€0 2007 800 (v€'0°£00) 120 (82°0'50°0) £L'0 4 pasnipe :Z [9poy
(76'L 109°:0) 80'L (680270 790 (LE0 1000910 (0£0200) 910 (1€°0'80°0) 02’0 8pnud 1| [9PO
(0£€=\) Y6IH

(SL€ 2801941 (051 6z 0) L'l (L£0'1£0) €00 (660'900) 250 (€7°080°07) 8L°0 4 pasnipe :Z [9poy
(S6'€'82°1) 2T (St'L %61°0) 250 (£50'60'07) 720 (€21 'S€°0) 6£0 (19°0°€1°0) ££0 8pnud 1| PO
(90L=Y) 2|PPIN

(8€'8:£8°0)0LC (u1'90'0) 588 (6£:0'59°0) L0'0 (S5°L'100)8£0 (S9°0 %2°07) 020 4 pasnipe :Z [9poy
005260 12T (S7L'950) 58 (co'L ‘8707 L0 (85°L '10°0) 08'0 (L£0's10) LEO 8pnud 1| PO
(8=u) Mo

(12-%56) 4O (12-%56) ¥O < (1D-%56) 9 « (10°%56) 9 < (ID-%S6) § UOHEINPS [euSIeW JO [9A1]

"(Ggg=u) uoneonpa |eussiew jo
|ons] Aq z| @b 1e snieis JyBlem pue uonisoduwiod Apoq ‘21005z |Ng pue § abBe je | uiened Aiejeip peaLsp-yyy Usemiaq uonenosse ay] °g'9 o|qe] [ewuswalddng

Chapter 6



"sasjeue paisnlpe ay3 Ul papn|oul 81em (GGE=U UOIEINPS [euIsieW JO [aA8] YBIY ‘Sl =U a|ppIw
‘Gp=u MmoJ) s108lgns gog=u senjea Buissiw jo asnedaq A1diuyie pue G abe 1e [N g [eulsiew ‘G ebe 1e awi} UsaIds ‘Juswainseaw 1ybiam pue 1yBiay siesk-g oyl 1e abe 10exe sualp|Iyo ‘xas 1o} paisnipe si z [9POA - (SIS

yb1y 9=u ‘S35 8|ppIw | =u) s108lqns /=u 1o} BuIssiw sem [|N44 PUe A4 Uo eie( 4 ‘210ds uleed Aielsip Ui Juswaidul yoes 1o} z| abe 1e ||\44 pue [|A4 ‘8100s-Z [|\g Ul 8Bueyd 1uNn-| e 108|}8J SIUBIDIS0D UOIssalbay .

(Ly'L '05°0) S8'0 (0v'L ‘280 L0'L (81'0'90'07) 900 (€00~ '9207) 710" (900 107 YOO > parsnlpe iz [9poN
(vl 'SS°0) 68°0 (ve'L ‘2800 S0'L (1205007 800 (80°0- '2€07) 020~ (SO0 107 YOO 8pnud 1| [9PO
(0£€=\) Y6IH

(ve'€ ‘€400 951 (9T 210 €50 (6€°0'82°0-) SO0 (ts0'€0) 010 (20907 LOO- > parsnlpe iz [9poN
(tez'0L0) 8T L (612 070 760 (L0 '62°0") 900 (1€0£907) 810 ©Loie0) LLO- 8pnud 1| [9PO
(90L=Y) 3|PPIN

8r'290) (9L GuizLo) vLL (SO'L €07 ¥E0 (090'€0'L) 2z 0- (05°06€°07) 900 > parsnipe iz [9po
(erz'syo eet (ry '92°0) 80'L (S1'L'92°07) #7°0 (150'50°L) £20- (15°06€°07) 900 apnud 1| [9PO
(8y=u) Mo

(12-%56) 4O (12-%56) ¥O e(1D-%S6) 8 e(10-%56) 9 ©(1D-%S6) 8 UONEdNP? [eulalew JO [2AaT]

"(GgG=U) uoiedonpa |eusalew Jo
[ons| Aq z|, ebe 1e snieys 1yBiem pue uonisodwod Apog ‘@100s-z [\ g pue G abe je 7 uiened Aieyaip paallap-yyy Usamiaq uoieldosse ay| ‘9 9 ajge] |eyuswa|ddng

139

Dietary patterns by level of maternal education and their contribution to BMI and body composition






CHAPTER 7

General discussion



142

Chapter 7



Aims

The three research questions in this thesis were: 1 to derive dietary patterns in children at age 5, using
three different methods, 2: to examine associations with ethnicity, maternal education and other
socioeconomic determinants and 3: to examine associations with longitudinal BMI and measures of
body composition. The studies of this thesis were embedded in the Amsterdam Born Children and
their Development (ABCD) study, a prospective community-based cohort study. The current chapter
provides a brief summary of the main findings, a general discussion of the major findings per research
question and methodological considerations, followed by public health implications and directions
for further research.

Main findings

Dietary patterns in childhood

Main findings:

- Using the three major methods to derive dietary patterns, we identified dietary patterns that can
be labelled as healthy, unhealthy, traditional and a pattern in which intakes of full- and low-fat food
groups were relevant (Chapters 2, 5 and 6).

Comparison of the identified dietary pattens

We observed that children in the ABCD-cohort consume dietary patterns that can be labelled as
healthy, unhealthy, traditional and a pattern in which intakes of full-and low-fat food groups were
relevant. This can to a large part be compared to results in the literature where data-driven dietary
patterns identified in children are generally labelled as healthy, unhealthy and, less frequently, as
traditional (1-7). Names of data-driven patterns are chosen subjectively and comparable diet scores
can reflect adherence to different food groups.

In our cohort, both the a posteriori derived data-driven Principal Component Analyses (PCA) and
hybrid Reduced Rank Regression (RRR) method provided a dietary pattern that was characterized
by high intakes of food groups perceived as healthy (Table 7.1). Also, pre-defined diet quality score
components with the highest scores can reflect elements of a healthy dietary pattern (Table 7.1). We
observed that among the three different methods used, similar food groups are of importance in
dietary patterns labelled as healthy. In line with our results, most of the data-driven healthy patterns
were mainly characterized by high intakes of fruit and vegetables (2), but also whole grains (8), fish
and pulses (1) were relevant in data-driven healthy patterns in children, indicating that both in our
cohort but also in the literature, it is unequivocal which food groups are of importance in healthy
dietary patterns.

Using the data-driven PCA method, we also derived a snacking pattern which can be labelled as an
unhealthy pattern (Table 7.1). The a priori diet quality score accounted for unhealthy food intake, by
reverse scoring for the intake of a number of unhealthy foods (Table 7.1). However, the score did not
include all potentially unhealthy foods such as savoury snacks, refined breakfast products, ice cream,
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sauces, chocolate and candy (9), which have been identified as being important contributors to un-
healthy dietary patterns in children (2, 7, 8, 10). Also, healthy food groups of which the intakes did not
meet the recommended intakes contribute to a lower diet quality score.

In our cohort, we additionally observed two dietary patterns in which intakes of full-fat and low-fat
food groups were of importance (Table 7.1). Using the data-driven method, we observed a full-fat
pattern which was not previously identified as such in the literature. In contrast, using the RRR-derived
method, we observed that the first pattern that explained most of the variation of the response
variables BMI z-scores and FMI, was characterized by high intakes of low-fat food groups which makes
it of interest to observe the role of low- and high fat food groups in dietary patterns.

Table 7.1: Overview of the identified dietary patterns in 5-year old children in the ABCD cohort.

Diet quality score * (chap-
Used method PCA (chapter 2; table 2) RRR (chapter 6; table 2)
ter 5; table 2)

Label: healthy
Name of the dietary pattern Healthy Pattern 1°

Water and tea, low-fat

Water and tea, vegetables,
cheese, fruits, fish, low-fat

fish, fruits, whole grain Whole grains, fruit, fish,

Characteristic food groups dairy, whole grain breakfast

products for the warm meal, dairy and vegetables
products, low-fat meat

nuts and pulses

and eggs
Label: unhealthy
Name of the dietary pattern Snacking
Savory snacks, refined
Sugar-containing bever-
breakfast products, ice
ages, high-fat and proces-
Characteristic food groups cream, sauces, chocolate
sed meat, pulses, nuts, oils
and candy, fruit drinks and
and soft or liquid fats ©
full-fat dairy
Label: low-fat and full-fat
Name of the dietary pattern Full-fat Pattern 1
Full-fat spreads, full-fat Water and tea, low-fat
cheese, pasta dishes with cheese, fruits, fish, low-fat
Characteristic food groups tomato sauce and low dairy, whole grain breakfast
intakes of low-fat spreads products, low-fat meat
and low-fat cheese and eggs

# For each food group, ratios of reported intakes and recommended intakes were calculated, resulting in a score between 0 and 1
and an overall sum-score ranging from 0 to 10, with a higher score representing a better diet quality (9)
b Pattern 1 explained most of the variation of the response variables BMI z-scores and FMI at age 5.

¢ Food groups of which the intakes did not meet the recommended intakes
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Socioeconomic determinants of dietary patterns at age 5
Ethnicity

Main findings

- Ethnicity contributed independently to the differences in dietary patterns (Chapter 2).

- Children from non-Dutch origin had predominantly a higher adherence to both the data-driven
snacking and healthy pattern (Chapter 2).

- We observed that each group of non-Dutch origin has their own characteristic dietary habits (Chapters
2 and b).

Up to now, there is limited evidence about the association between ethnicity and dietary patterns of
children. In line with our observations, studies in Asia, the USA and among adolescents in Belgium
observed that children originating from low- and middle-income countries consumed more often
both a healthy and an unhealthy dietary pattern (3, 11-14). Partly in line with our observations,
a healthy pattern was related with non-white ethnicity at age 2 (15) and non-white ethnicity was asso-
ciated with lower diet quality (16) in two European cohorts. Contrary to our results, the British ALSPAC
cohort observed that a ‘junk’ pattern was related to white ethnicity at age 4 and 7 (17). However, the
distinction between ethnic groups as white/non-white does not do justice to the diversity of ethnic-
ities in Europe. Unlike our results, some cohort studies in Australia and New Zealand observed that
young children of non-Australian and New Zealand-born mothers tended to consume core foods
less frequently than those with Australian-and New Zealand-born mothers (18, 19), while children
of Asian born mothers were reported to consume less discretionary foods compared to children of
Australian-and UK-born mothers (20-22).

In line with our observations, a study in Germany observed considerable differences in dietary habits
in children and adolescents by different ethnicities (23). Also, one study in the Netherlands observed
higher intakes of fruit and vegetables in 9-10 year old children from non-Dutch origin compared to
children of Dutch origin (24). Also, higher intakes of snacking items and soft drinks were observed in
Germany in children originating from low- and middle-high income countries, mainly of Turkish origin
(23, 25) and in in children originating from low- and middle-high income countries in the USA (26).
Results from the Dutch National Food Survey's reported that intake of fat and full-fat dairy products is
high among adults from Turkish origin (27, 28).

We divided our study population into major ethnic groups relevant in the Netherlands (29), specifi-
cally Amsterdam, and observed that each ethnic group has their characteristic dietary habits which
included both healthy and unhealthy components (Chapter 2: Table 2.3 and Figure 2.2. Chapter 5:
supplemental Table 5.1).

Our results indicate ethnic differences in dietary patterns however, due to the small number of
children in the non-Dutch origin groups in our study, we could not further specify these differences.
With larger numbers of children of non-Dutch origin, we would have run RRR analyses separately for
each ethnic group, to better understand which food groups explain most of the variation in BMI and
measures of body composition in each ethnic group.
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Maternal education

Main findings

- The level of maternal education was related to dietary patterns (Chapters 2, 5 and 6).

- Children of lower educated mothers were prone to have unhealthy dietary patterns, however we
observed mixed and unexpected results in the association between maternal education and healthy
dietary patterns (Chapters 2, 5 and é).

In the majority of the studies in this thesis, we have used the level of maternal education as a proxy
for SEP which is considered as the strongest socioeconomic factor of dietary intake of young children
(15, 30). Our results are in line with other studies that observed that maternal education level was
related to dietary patterns (4, 6, 15, 17, 30-33) and the large amount of literature that observed that
children of lower educated mothers consume more often unhealthy dietary patterns (17, 19, 31, 34,
35). Also, the most recent Dutch National Food Consumption Survey (36) reported statistically signifi-
cant higher consumption of potatoes, meat, savoury snacks, sauces and seasonings and non-alcoholic
beverages in children of lower educated mothers compared to children of higher educated mothers
(1-17 years old). These food groups are also relevant in our data-driven ‘unhealthy’ and ‘traditional’
dietary pattern.

Our results are however only partly in line with literature that observed that higher maternal education
levels are associated with healthy dietary patterns (2, 6, 15, 35, 37-39). We observed that children with
higher diet quality scores had more often a mother with a higher educational level (Chapter 5; table
2). On the other hand, we did not observe that maternal education was related to the data-driven
healthy pattern (Chapter 2; table 2) or that intakes of healthy food groups were exclusively important
in the RRR-derived dietary pattern 1 in children of high educated mothers only (Chapter 6; table 2).
Possibly, some of these observed differences can be related to the inclusion of different food groups
per used method. For example, the intake of the food group water and tea was not included in the
diet quality score. Another possible explanation might be that in our cohort, only the intakes of the
healthy food groups vegetables, fruits and whole grains were significantly higher in children of higher
educated mothers while intakes of nuts, pulses and water and tea were significantly higher in children
of lower educated mothers. Additionally, we have assessed the level of maternal education in two
different ways throughout the conducted analyses in our cohort which makes it difficult to compare
and interpret the results of the different analyses clearly. The diet quality score was associated with
two categories of maternal education level defined as ‘completed higher vocational education’
or ‘university’ (Chapter 5) while the PCA (Chapter 2) and RRR derived dietary patterns (Chapter 6)
were associated with three categories of maternal education level defined as the number of years of
post-primary education. The advantage of assessing three categories of maternal education is that
we could better observe possible differences in educational level.

Other socioeconomic factors

Main findings

- Lower level of paternal education, lower level of household finance and lower neighbourhood SES
were independently associated with a higher risk of unhealthy dietary patterns, although maternal
education conferred the highest risk (Chapter 3).

- A lower level of household finance was an extra risk of unhealthy dietary patterns within the group
of middle-high educated mothers (Chapter 3).
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We choose to assess the association and possible moderation of maternal education and other
socioeconomic indicators on the data-driven snacking pattern score (Chapter 3) because of the
strong association between the data-driven snacking pattern and the level of maternal education
(Chapter 2) and the possible adverse associations with health. In Chapters 2, 5 and 6 however, we
also observed that the association between maternal education and the adherence to healthy dietary
patterns showed unexpected results which underlines the complexity of the role of socioeconomic
determinants in dietary patterns.

SEP is a multidimensional construct and there is a number of socioeconomic determinants that affect
children’s health at multiple levels (40, 41). We studied SEP at both an individual level (maternal and
paternal education, household finance) as well as at the less frequently studied neighbourhood level
(neighbourhood SES) (42), which are the commonly used indicators in public health research that are
related to dietary patterns in children. We observed that all the studied socioeconomic determinants
were relevant (Chapter 3), which is in line with results in the literature that observed associations
between one or more of the determinants and dietary intake (31, 42-45). There are various pathways
through which each of these socioeconomic determinants can affect children’s dietary pattern intake,
which broadly occur through knowledge, attitudes (46), parent modelling (47, 48), the financial ability
to purchase healthy foods (49-52), the level of exposure to unhealthy food establishments (49, 53) and
the degree of food advertising (54).

Our results also indicate that the level of maternal education is the strongest associated socioec-
onomic determinant of unhealthy dietary patterns in children, which is in line with results in oth-
er studies (15, 55). However, our results underline the importance of a sufficient level of household
finance, that can overrule the effect of a middle high maternal education level (Chapter 3).

While not all studies have included determinants at both an individual and neighbourhood level,
our results underline that all of these determinants are relevant for dietary pattern intake of young
children. In general, the observed associations between socioeconomic determinants and dietary
patterns could provide directions for public health interventions to specifically target children from
lower SEP groups, especially children from lower educated mothers that are most at risk of unhealthy
dietary patterns, and these interventions should take along the possible accumulation of disadvan-
tage socioeconomic determinants.

Associations between dietary patterns and longitudinal BMI, FMI and FFMI

Main findings

- The identified dietary patterns were associated with longitudinal development of BMI and measures
of body composition, however we observed unexpected results in this association (Chapters 4, 5
and 6).

- While the association between healthy dietary patterns and longitudinal BMI and measures of body
composition showed mixed results (Chapters 4, 5, 6), the data-driven full-fat dietary pattern was
negatively associated with weight development.

- Our results indicate that each ethnic and SEP group follows its own path of weight development,
and that the association between dietary patterns and weight development might be different
within each group.
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Our observations in Chapter 5 are in line with the majority of the results in the literature, that report
that higher diet quality scores and higher adherence to healthy (data-driven) dietary patterns are
associated with lower BMI z-scores and/or a lower prevalence of overweight and obesity (2, 3, 56-68).

However, opposing associations were observed using the data-driven (Chapter 4) and hybrid method
(Chapter é). A few other studies have observed inconsistent (38, 58, 69-72), or no associations between
higher diet quality scores or other hypothesis-driven dietary patterns as mKIDMED score/DASH/HEI
and longitudinal ‘healthy weight’ (73-76) or in line with our results, a higher prevalence of overweight
and obesity in children consuming dietary patterns labelled as healthy (7, 77). A Norwegian study
observed in cross-sectional analyses in 9-10 year old children that a adherence to a ‘junk/convenient’
dietary pattern had a significantly lower likelihood of being overweight whereas children adhering to
a'varied Norwegian’ or a ‘dieting’ pattern (artificially sweetened soft drinks, low fat cheese and fat- and
sugar-reduced yoghurt), had a significantly higher likelihood of being overweight (7). The researchers
suggest possible parental modification of the diets of overweight children. It might be possible that
parents provide their children more 'healthy food items’ when children are already overweight, which
possibly indicates reverse causality. This could not be ruled out in our cohort as well based on both
the cross-sectional and longitudinal results described in Chapters 4 and 6. In the Netherlands, from
birth on, weight development from children is periodically monitored through Youth Health Care
(YHQC). Probably, the YHC gave nutritional advices if weight development of children was suboptimal
which could have resulted in adjusted nutritional habits by the parents before the age of 5 years old.

Few other studies described the possibility of reversed causality. In the UK ALSPAC cohort, full-fat
dairy intake at age 10 was associated with a reduced risk of excess total body fat mass and a sugges-
tion of a reduction in overweight at 13-years old. Furthermore, the highest vs. lowest consumers of
full-fat products had smaller gains in BMI at 13-years old (78). Also, in the UK ALSPAC cohort, a small
positive correlation was observed between diet soft drink consumption, but not SSB consumption at
age 5 and 7 and fatness at age 9, which was explained by existing overweight status at ages 5 and
7-year old (79) while no evidence was observed between SSB consumption at age 5 or 7-year old and
fatness. The researchers of these studies suggested that parents had possibly provided this type of
drink to their children in the hope of limiting weight gain (65, 79).

Considering the higher prevalence of childhood obesity in children originating from low- and
middle-high income countries and lower SEP children (80-84) (Chapter 4) and the evidence of a
growing prevalence of underweight/thinness in children originating from high-income countries
(85-88), a relevant further step in our analyses was to study the role of dietary patterns in weight
development per group separately. Although the number of subjects in some ethnic groups was
limited, our results indicate that the association between dietary patterns and weight development
might differ per group and that it would be relevant to (further) study the role of both ethnicity and
SEP in this association.

Although it is convincing that there is an association between dietary patterns and weight and
weight development in young children, and that this association might differ for each ethnic and SEP
group, our results about these associations are mixed. Yet, childhood obesity is a complex construct.
A diversity of factors contribute as biological- and lifestyle factors (89) but also the social- and obesogenic
environment (90). Possibly there are different mechanisms that contribute to childhood overweight/obe-
sity in each ethnic and SEP group. It would be relevant for future research to further study this association
and for public health implications to contribute to the development of healthy weight in children.
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General methodological considerations

Dietary pattern analysis

Dietary pattern analyses is an approach used in nutritional epidemiology, to examine the risk between
diet and chronic diseases. In general, dietary patterns reflect a combination of food groups that high-
light a broader picture of food and nutrient consumption than looking at individual nutrients or foods
(8, 91-93). In this thesis, we used the three main methodological approaches to study overall diet (92,
94) which allowed us to study the dietary pattern intake in 5-year old children in the ABCD-cohort,
from different perspectives. Each method however has its own advantages and disadvantages (92,
94). The main advantage of the data-driven PCA method is that the observed dietary patterns reflect
the maximum of variation in food group intake, and therefore reflect combinations of food groups
that are frequently consumed together (6, 94). This allowed us to study the actual dietary pattern
intake independent of other factors. The main advantage of the hypothesis-driven diet quality score
is that this score reflects the dietary intake according to the dietary guidelines. The applied diet
quality score in this thesis was composed to assess to which extent the intake of 10 food groups met
the Dutch Dietary Guidelines for children aged 4 to 8 years (95, 96). The results gave therefore direct
information on which dietary habits in children complied least with the recommendations (95, 96) and
need to be improved (Chapter 5; table 2). Although diet quality scores are applied most frequent in
the literature (97), they do not reflect a complete picture of dietary intake as not all food items and
food groups are included in the score. The hybrid RRR method is a less frequently studied method
(97). Similar to the data-driven PCA method, the RRR-derived dietary patterns reflect total dietary
intake. Additionally, the RRR-derived dietary patterns also reflect the combinations of food groups
that explain the maximum variation in health markers, in our research we used BMI, FFMI and FMI at
age 5 as response variables. Using RRR, therefore, allowed us to understand which combinations of
food groups, as part of the total dietary intake, were relevant in cross-sectional weight development
and measures of body composition in children.

Assessment and interpretation of food groups and dietary patterns

The hypothesis-driven diet quality score used a different classification of food groups compared to
thedata- driven and hybrid method. Some food groups were not included in the diet quality score as
only food items were included that are part of the recommended intakes for children aged 4 to 8 years
(9, 95, 96). Therefore for example, the food groups water and tea and low-fat meat were excluded
from the analyses. But also food groups were classified differently, for example the food group low-fat
cheese was included in the dairy component in the hypothesis-driven diet quality score. Yet, these
food groups were of importance in the PCA and RRR-derived 'healthy’ dietary patterns which limits an
optimal comparison between the derived dietary patterns identified using different methods.

Also, it might be possible that food items are consumed in different combinations implicating
possible different classification of food groups than used in our study. For example, the food group
‘sugar’ consists of sugar consumed as a sweetener in yogurt or cereals, but also as a sweetener con-
sumed in tea. We observed that children from lower educated mothers consumed sugar more often
as a sweetener in tea compared to children from middle and higher educated mothers, therefore
possibly the use of tea and sugar in tea as a sweetener could be combined in a food group ‘sugar
sweetened beverages’ (Chapter 6).
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We considered component loadings of 20.3 in the PCA analyses and >0.2 in the RRR analyses
important for the interpretability of the dietary patterns. Lower component loadings indicate smaller
positive or negative correlations between the food group and the dietary pattern. Including lower
component loadings were not useful for a better interpretation of the observed results and were in
line with the overall picture of the pattern.

The role of potential confounding factors

The dietary patterns derived within the lower maternal education group, explained higher levels
of variances in response variables compared to the middle and higher maternal education group
(resp. 15.4, 12.2 and 4.9% for Pattern 1) (Chapter 6). Although levels of explained variances are
generally low in nutritional research, these observations indicate that particularly in children of lower
educated mothers, the role of dietary patterns in explaining differences in BMI and measures of
body composition is higher compared to children of middle and higher educated mothers. These
observations suggest that the potential role of dietary patterns is higher in children of lower educated
mothers and therefore underline the importance of targeting children from lower educated mothers
to develop healthy dietary patterns.

We adjusted for several potential confounding factors in the association between dietary patterns
and longitudinal BMI and measures of body composition. However, residual confounding may still be
present. For example, we did not have data on growth spurts as a variable, and we used the variable
children’s exact age at the 5-years height and weight measurement’ to correct for the variation in age
in months, during the 5-year measurements. Tanner stage was measured in our cohort at age 12 and
in pre-analyses only relevant in our population at age 12, but not at age 10, based on the a significant
change (210%) effect estimated on the dietary patterns. Initially, we choose the variable ‘screen time’
as a proxy for sedentary behaviour in the association between the PCA and RRR-derived dietary
patterns at age 5, and longitudinal weight development. Possibly, we could have also adjusted for
physical activity in theses associations. In the literature, both screen time as well as physical activity
levels are described as important and independent variables in the association with BMI. Although,
in analyses assessing the association between diet quality score with body composition at age 5 and
12 years, we adjusted for both screen time and physical activity.
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Public health implications and further research

The results presented in this thesis add to the existing literature on the topic of dietary pattern analysis
in different ethnic and socioeconomic groups of children and their association with longitudinal
measures of body composition. Our results also provide directions for future research and for public
health strategies, which will be suggested in this paragraph.

Implications of the findings for further research
1: Study the association between healthy, full- and low-fat dietary patterns and weight development

In this thesis, we were unfortunately not able to further explain the observed mixed and unexpected
results between dietary patterns and both cross-sectional and longitudinal weight(development)
(Chapters 4 and 6) because we could not rule out the possibility of reversed causality in our cohort.
In the Netherlands, weight development of children is monitored by the Youth Health Care (YHC)
between birth and the age of 4 years old as standard practice. It may be possible that the advice
provided by professionals may have modified children’s diets, or have resulted in socially desirability
when filling out the FFQs.

Adherence to the data-driven full-fat pattern can be in line with the focus on dairy consumption in the
age between 1 and 4 years old. Although the intake of low- and medium fat dairy is recommended
(96), parents might receive inconsistent advises and subsequently choose for full-fat dairy options in
younger children. To better understand the association between dietary patterns characterized by
full-fat and low-fat food groups and longitudinal weight in further research, it might be relevant to
also include relevant possible mediating variables, for example the level of satiety. Currently more
literature is available that observed higher levels of satiety and possibly weight loss in children by in-
takes of full-fat dairy products compared to intakes of low-fat and semi-skimmed dairy products (98).
Also, in adults a dietary pattern high in ultra-processed foods unconsciously increased energy intake
compared to a unprocessed food pattern (99), possibly due to differences in meal eating rates. These
results underline the relevance to include the number of eating moments per day, satiety, absorption
and digestion of nutrients in studying the association between dietary patterns and weight develop-
ment.

Additionally, we did not have information about the dietary pattern intake at age 10 or 12 years,
whichlimits us to understand how dietary patterns would have developed over time in our cohort
and how the dietary intake at age 10 or 12 years old would have influenced weight development
at age 10 or 12. Although literature suggests that dietary patterns developed in childhood track
into adolescence (100-104), other studies suggest that periods of change can be apparent during
childhood (10) and that associations between behaviour factors including food group intake and BMI
at different age points in childhood might become stronger with age (105). Further research could
possibly investigate dietary patterns at more time points and therefore further investigate the role of
dietary patterns in longitudinal weight and measures of body composition.
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2: Because of the observed mixed results regarding the role of maternal education in healthy
dietary patterns, our results indicate that it is relevant to use a more fine-grained definition of
maternal education

Because we have observed mixed and unexpected associations between the level of maternal
education and healthy dietary patterns (Chapters 2, 5 and 6), it is relevant to further study the role
of maternal education and include multiple levels of maternal education. In our cohort however, our
group of children of middle high educated woman (6-10 years of post-primary education) possibly also
represented children from a higher maternal education level (graduation level: university of applied
sciences). It would be relevant for future research to apply the most suitable definition (e.g. based on
the level of education or the number of years of post-primary education) and grouping of maternal
education, based on the country of birth and educational background of the study population.

3: Include larger numbers of children from relevant ethnic groups to study their specific dietary
patterns

Results in Chapters 2, 4 and 5 underline the relevance to further explore the role of ethnicity in dietary
patterns in children, which is especially relevant concerning the higher prevalence of overweight
among children originating from low- and middle-income countries (106-109), and the observed
differences in weight development between the ethnic groups in our cohort (Chapter 4). Our results
add to the limited amount of research available about the role of ethnicity, dietary patterns and weight
development and measures of body composition. In further research, these associations should be
studied within each ethnic groups. Therefore, it would be necessary to include larger numbers of
children from relevant ethnic groups, which can however be challenging in cohort studies. Also in the
ABCD cohort, non-respondents were more often from low- and middle high income countries (110).
Researchers acknowledge the 'need’ of including larger numbers of children from relevant ethnic
groups, and it would require a lot of time in approaching groups that do not usually participate in
(intensive) cohort research. Due to the predominantly smaller numbers of children per ethnic group
in studies, researchers might choose to merge groups. While results in this thesis, underline the rele-
vance to study the dietary patterns per group separately, as we observed for example different eating
habits between Turkish and Moroccan children, groups that are often merged in research.

In general, less ethnic-specific data is available. For example, the results of the Dutch National Food
Consumption Survey (36) presented by the National Institute for Public Health and the Environment
(RIVM), are currently reported by gender, age and gender groups, maternal education level, region,
urbanisation and body mass index but would ideally also be described per ethnic group and the
registration of ethnic origin does not extend beyond the second generation by the Central Office of
Statistics (CBS). The availability of ethnic specific data is however crucial for public health care profes-
sionals to apply in their daily practice and practical interventions to target groups that are most at risk.
Because the literature does not fully allow us to make the distinction between ethnic groups, it would
be relevant for further research to consider the best way to distinguish, define, and include children
from relevant ethnic groups, for example through self-identification by the (parents of the) partici-
pants. When ethnicity is studied in its role as a cultural determinant, the classification of ethnicity by
self-indication can depend on de study topic, setting and study population.
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4: Study the possible interaction between ethnicity and socioeconomic position more extensively

With larger numbers within relevant ethnic groups, future research should also study the possible
interaction between ethnicity and socioeconomic position (111). For example, our data-driven healthy
pattern was associated with ethnicity but not with maternal education level (Chapter 2) and it might
be possible that the observed association between maternal education level and the healthy pattern
was partly driven by Turkish and Moroccan children, that were predominantly from lower and middle
maternal education level groups. To gain more insight in the association and separate the effects,
it would be relevant for further research to study the associations of SEP with dietary patterns more
stratified, within each ethnic group and the other way around. Furthermore, it might be possible that
other factors are relevant for the possible interaction between ethnicity, SEP and dietary patterns,
for example the level of acculturation, perceived level of discrimination or living conditions (112-
1154). Currently, additional nutritional data from children aged 0-4 years old, is available within the
Amsterdam based Sarphati cohort (https://www.sarphaticohort.nl), and further analyses within this
cohort could possibly provide additional information on this topic. Given that the level of maternal
education was the most important socioeconomic factor for children in our cohort at age 5. It would
be however relevant for further research to study whether other SEP factors would be possibly more
relevant in other age categories.

Implications of the findings for policy and practice

1: Ongoing public health strategies should (continue to) focus on healthy weight and healthy
weight development in children, targeting children of non-Dutch origin and/or lower SEP in the
prevention of overweight and obesity

The prevention of overweight requires an system approach (115), and the observed socioeconomic
and ethnic inequalities in weight and weight development (Chapter 4) and adherence to unhealthy
dietary patterns (Chapters 2, 3 and 5) underline the importance of ongoing public health strate-
gies to focus on healthy weight and healthy weight development in children, targeting children from
non-Dutch origin and/or lower SEP. However, we have observed differences in weight and weight
development and adherence to unhealthy dietary patterns between these groups which should be
taken into account. However, the focus on overweight and obesity should not detract from identifying
children at risk of thinness, which may also present a risk for health (116-121). In our study we observed
that thinness was more prevalent in children of Dutch origin and/or high SEP.

Considering these inequalities, and given the relevance of diet for weight development, gaining
further insight in the role of dietary patterns (in each of these groups) could be even more relevant
for policy and practice. The aim of this thesis was to provide practical information that could be used
in targeting groups in order to contribute to the prevention of childhood overweight. Potentially,
the derived dietary patterns could contribute to the required knowledge of which foods and bev-
erages contribute to BMI and measures of body composition, within the specific ethnic and SEP
groups. However, we were not able to fully investigate the role of multiple SEP factors in all derived
dietary patterns and the possible interaction between ethnicity and SEP. Nevertheless, our results
add to the existing literature that with decreasing SEP, an upward trend in adherence to snack and
unhealthy eating patterns can be seen. This underlines the fact that current intervention programs
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should continue targeting children from non-Dutch origin and lower SEP groups which more often
live in neighbourhoods with an unhealthy food environment (122), and take into account possible
differences in applicability and acceptability of these intervention strategies between different SEP
groups (123).

As differences between SEP groups are already present at a young age and remain stable through-
out early childhood (30), it is relevant and possibly also more cost-effective, to target these children
from an early age onwards to promote healthy eating habits. Also, results of the most recent Dutch
National Food Consumption Survey (36) that are presented by level of maternal education, can be
relevant for public health care professionals to apply in their daily practice to target children from
lower educated mothers.

Additionally, results in our cohort (Chapters 2 and 5) also indicate that children from each non-Dutch
origin group have diverse dietary habits which both include healthy and unhealthy elements. It would
be relevant to maintain and emphasize these diverse habits and, more importantly, the healthy
aspects in each group in public health interventions. For example, the intervention Simple Fit! aims
to combat overweight and obesity in children aged 0-12 with a Turkish or Moroccan background
in the Netherlands (124). Although this intervention is evaluated (125) and there are indications of
differences in the level of cultural adaptation of obesity interventions (126, 127). Additionally, it is
of importance to also include relevant individual obesity related factors that fit each target group.
Parents function as a role model (128) and it would be important that they are supported in that role
by public health interventions. Besides the relevance of the studied factors, literature underlines the
importance of, for example, a healthy parental weight (80, 129) which is more often sub-optimal in
parents originating from low- and middle-income countries or the perception of children’s weight and
growth which can differ between mothers of Dutch and non-Dutch origin (130).

2: Given the dietary intake in our cohort, the current food environment for children needs to be
adapted

In our cohort, but also in another cohort in the Netherlands (9), and internationally (37, 131), the diet
quality in children is suboptimal and should be improved. Except for the intake of whole grains, nutri-
tional intake did not meet the recommendations that were developed (95, 96). Either the consumed
amount of the food item was insufficient, or the nutritional composition did not met the criteria (e.g.
were too high in level of saturated fat or salt or contained added sugar). Although in recent years, the
Dutch children have been eating more according to the guidelines (36) and nutritional composition
of processed food items have been improved, intakes of vegetables, fruits, fish, nuts, pulses need to
be increased whereas intakes of red and processed meat and sugar-sweetened beverages need to
be decreased (36).

It is important to ensure that this nutritional advice is also in line with current guidelines regarding
food education (128). Diet is a major factor for healthy weight development and a higher intake
according to dietary guidelines may have a beneficial impact on growth and body composition
throughout childhood (Chapter 5). Although we have observed mixed and unexpected associations
between dietary patterns and healthy weight development in our cohort (Chapters 4 and 6), and
although there are still many topics to include in further research, the importance of stimulating
a healthy dietary intake for healthy development in young children is unequivocal.

Given the current food environment, it is not surprising that children, mainly from non-Dutch origin and/
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or lower maternal education groups, consume according to unhealthy snacking patterns or have subop-
timal diet quality scores. Food choices are either made consciously and driven by knowledge, attitudes
or skills or made unconsciously and sensitive to influences from the current food environment (132-135).
Despite the major role of maternal education level in our cohort of 5-year old children (Chapter
3) (136), our results underline the importance of higher neighbourhood SES for healthy dietary in-
takes in children (Chapter 3)(137). Neighbourhood SES reflects the food environment by the type of
foods that are available (54, 138) and advertisements that are present in the neighbourhood (139).
A variety of organizations, such as schools, after-school cares, sport clubs, supermarkets, food es-
tablishments but also online influences have a role in creating a healthy food environment and it is
crucial that all of these settings take their responsibility (115, 140). Currently, many primary schools
in the Netherlands implement school-based interventions and several have shown positive effects.
For example the “EU-Schoolfruit- en groenteprogramma” increases the fruit and vegetable intake
in 4-12 year-old children and contributes to the improvement of healthy eating habits (141), and
“Smaaklessen” increases the level of knowledge about consuming a healthy, sustainable and varied
dietary pattern in 4-12 year-old children (142). School-based interventions have also shown positive
effects on increasing the fruit and vegetable intake in children with migration background (143).
Additionally, many primary schools evaluate the use of birthday treats and attempt initiatives as col-
lective and healthy school lunches, which can be -if tailored to the preference of children, parents
and the school staff- a promising strategy to promote healthier dietary habits among children (144).
By doing so, primary schools clearly contribute to the healthy development of children (145) unlike
other stakeholders within the current food environment of children that lag behind. The “National
Preventieakkoord” aims to reduce the prevalence of overweight (146) does not yet seem to achieve
the expected goals. The Healthy Youth, Healthy Future (JOGG) approach targets children (0-18 years)
in the Netherlands by creating an environment that encourages healthy dietary habits and physical
activity aiming to prevent obesity. Literature underlines the contribution of JOGG in local stakehold-
er connecting and mobilisation and shifts in social norms toward healthier lifestyles in the commu-
nity. However, the contribution to individual health outcomes remains unclear (147). To conclude,
it is important that all policies and environments make healthy food options readily available and
appealing for children and their parents, and thus make the healthy choice the easy choice.

General conclusion

By using three main approaches to study dietary patterns, we observed that 5-year old children in
the ABCD-cohort consume dietary patterns that can be labelled as healthy, unhealthy, traditional and
a pattern in which intakes of full- and low-fat food groups were relevant. Children of non-Dutch origin
and/or from lower educated mothers were most prone to unhealthy dietary patterns. Additionally,
we have indications that children of non-Dutch origin also had higher adherence to a healthy dietary
pattern and that each of these groups has their own characteristic dietary habits. Unlike results in
the literature, we did not observe a clear association between the level of maternal education and
healthy dietary patterns. Healthy diets are considered as a major determinant for optimal weight
development in children and the observed dietary patterns were relevant for longitudinal weight
development and measures of body composition. In line with our expectations, a higher diet quality
score was associated with lower weight, lower BMI and lower FMI at age 12. However, opposing and
unexpected associations were observed using the data-driven and hybrid method, where adherence
to the data-driven healthy pattern was positively, and adherence to the full-fat pattern was negatively
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associated with weight development between age 5 and 10. Similar associations were observed using
the hybrid method were a pattern characterized by food groups perceived as healthy, was positively
associated with BMI z-scores and FMI, regardless of the level of maternal education. The results
observed in this thesis do underline that the role of nutrition in health- and weight development
related topics is complex and highlights the need for interventions that account for the complexity of
inteactions between dietary patterns and weight development.
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Summary

In the Netherlands and many other high-income countries, the prevalence of childhood overweight
and obesity is higher in children originating from low- and middle-income countries and in children
with a lower socioeconomic position (SEP). Healthy diets are considered a major determinant for
optimal weight development in childhood and healthy weight later in life. However, there is limited
knowledge about ethnic and socioeconomic differences in dietary patterns of children and how these
dietary patterns contribute to BMI and measures of body composition over time (Chapter 1). There-
fore, this thesis addressed the following questions, using data from the Amsterdam Born Children
and their Development (ABCD) study, a large, prospective and population-based birth cohort in the

Netherlands (http://www.abcd-study.nl):

1. Which dietary patterns can be defined in 5-year old children using an a posteriori derived
(data-driven) method (Chapter 2), an a priori derived method (Chapter 5) and a hybrid method
(Chapter 6).

2. Which ethnic and socioeconomic determinants are associated with the derived dietary
patterns? (Chapters 2, 3 and 5).

3. To which extent are the derived dietary patterns associated with BMI and measures of body
composition over time? (Chapters 4, 5 and 6).

In Chapter 2 we describe the four dietary patterns that were derived using the data-driven Principal
Component Analyses (PCA) method: a snacking (high intakes of savoury and sweet snacks, fruit
drinks, refined breakfast products and low intakes of whole-grain breakfast products), full-fat (high
intakes of full-fat spreads, full-fat cheese, pasta dishes and low intakes of low-fat spreads and low-fat
cheese), meat (high intakes of low- and high-fat meat, sauces, potatoes and refined grain products
for warm meals) and healthy (high intakes on the food groups water and tea, vegetables, fish, fruits
and whole grain product for warm meals) dietary pattern. Children of non-Dutch origin scored high
on the snacking and healthy pattern. We observed that children of Turkish origin scored high on the
full-fat pattern and children of African Surinamese origin high on the meat pattern. Children of lower
educated mothers scored above all high on the snacking pattern, high on the meat pattern and low
on the full-fat pattern.

In Chapter 3, we further studied the strong association between the level of maternal education and
the PCA-derived snacking pattern. We observed that also other indicators of SEP, that is a lower level
of paternal education, lower level of household finance and lower neighbourhood socioeconomic
status (SES) were associated with higher snacking pattern scores. Yet, a lower maternal education level
conferred the highest risk. We also observed that a lower level of household finance was an additional
risk factor for higher snacking pattern scores within the group of middle-high educated mothers.

In Chapter 4, we describe how the four PCA-derived dietary patterns were associated with weight
development between age 5 and 10 years, stratified by ethnic groups and level of maternal education.
Children of Dutch origin and higher educated mothers were more often normal weight at age 5, and
they developed more often normal weight at age 10 if they were underweight or overweight at age
5, compared to children of non-Dutch origin and lower and middle high educated mothers. Overall,
higher scores on the healthy dietary pattern were unexpectedly positively associated with weight de-
velopment in most groups, regardless of ethnic origin and maternal education level, whereas higher
scores on the full-fat pattern were negatively associated with weight development.
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In Chapter 5, we applied an a priori diet quality score, which reflects the extent to which the intake
within 10 product groups complies with the age-specific Dutch food-based dietary guidelines for
children aged 4 to 8 years. We observed an average score of 4.8 (+ 1.1) out of a possible 10 points,
indicating that in our cohort, about half of the age-specific dietary guidelines were met. Only the
intake of whole-grains met the recommendation. The intake of fruits, vegetables, fish, pulses, nuts,
dairy, oils and soft or liquid fats, sugar-containing beverages and high-fat and processed meat did
not meet the recommendations. We observed that children with higher diet quality scores had more
often a higher educated mother. We further described how a higher diet quality score was associated
with a lower body weight, lower BMI and a lower body fat mass at age 12 years.

Because of the observed differential weight development per ethnic and socio-economic group
and the unexpected and mixed results between the derived dietary patterns and weight develop-
ment, we choose to further study which dietary patterns were relevant for BMI and measures of body
composition at age 5 stratified by maternal educational level. We applied the hybrid Reduced Rank
Regression (RRR) method in Chapter 6, and derived dietary patterns that explained the maximum
of variation in BMI, body fat mass and body fat-free mass at age 5. Pattern 1 was characterised by
high intakes of low-fat and healthy food items in all maternal education level groups, and explained
the maximum of variation in BMI and body fat mass, in our cohort at age 5. Higher scores on pattern
1, were associated with higher BMI and a higher odds of being overweight or obese at age 10, and
higher body fat mass at age 12 in all maternal education level groups.

Lastly, Chapter 7 provides a general discussion of the studies described in this thesis. The main answers
to the research questions, including the implications for future research and policy and practice are:

1. We applied three methods deriving dietary patterns at 5-year old children in the ABCD-cohort,
which can overall be labelled as healthy, unhealthy and traditional, and a pattern in which in takes
of full- and low-fat food groups were relevant. Compared to the age-specific Dutch guidelines,
the dietary intake in our cohort was suboptimal, which underlines the need for improvement of
the current food environment for children.

2. We observed that children of non-Dutch origin, lower educated mothers, lower educated fa-
thers, lower level of household finance and lower neighbourhood socioeconomic status (SES)
were most prone to unhealthy dietary patterns. Ongoing public health strategies should there
fore (continue to) focus on healthy weight and healthy weight development in children, focussing
on children of non-Dutch origin and/or lower SEP in the prevention of overweight and obesity.

We have indications that children from each ethnic group consume their own characteristic
dietary patterns. In our cohort however, the number of children of non-Dutch origin was small.
Therefore, it would be relevant for further research to include larger numbers of children from
relevant ethnic groups in the Netherlands, to further study their specific dietary patterns and the
possible interaction between ethnic origin and socioeconomic position more extensively.

We did not observe clear associations between maternal education level and healthy dietary

patterns. Therefore, it would be relevant for further research to use a more fine-grained defini-
tion of maternal education.
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3. We also observed opposing and unexpected associations between dietary patterns and BMI
and measures of body composition over time. This prompts for further research to investigate
the association between healthy, full- and low-fat dietary patterns and weight development.

The results observed in this thesis underline that the role of nutrition in health- and development
related topics is complex. However, consuming healthy foods is important for everyone regardless
of ethnic background and SEP, and it is essential that healthy foods are convenient, affordable and
available for all children and their parents.
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Samenvatting

Overgewicht en obesitas komen vaker voor onder kinderen van niet-Nederlandse afkomst en met
een lagere sociaaleconomische positie (SEP). Een gezond voedingspatroon draagt bij aan een
gezonde gewichtsontwikkeling als kind, en een gezond gewicht als volwassene. Er is echter nog
weinig bekend over etnische en sociaaleconomische verschillen in voedingspatronen van kinderen
en hoe deze voedingspatronen het lichaamsgewicht en de lichaamssamenstelling op latere leeftijd
beinvloeden (Hoofdstuk 1). Daarom zijn in dit proefschrift de volgende onderzoeksvragen opge-
steld, welke worden beantwoord middels gebruik van data uit de Amsterdam Born Children and their

Development (ABCD)-studie, een grootschalig en langlopend geboortecohort in Nederland (http://

www.abcd-study.nl)

1. Welke voedingspatronen kunnen bij 5-jarige kinderen worden gedefinieerd met behulp van
verschillende methoden: een (data gestuurde) a posteriori methode (Hoofdstuk 2), een a priori
methode (Hoofdstuk 5) en een hybride methode (Hoofdstuk 6).

2. Welke etnische en sociaaleconomische determinanten zijn geassocieerd met de gedefinieerde
voedingspatronen? (Hoofdstuk 2, 3 en 5).

3. In welke mate hangen de gedefinieerde voedingspatronen samen met BMI en lichaams-
samenstelling op latere leeftijd? (Hoofdstuk 4, 5 en 6)

In hoofdstuk 2 beschrijven we de vier voedingspatronen die vaak voorkomen bij de 5-jarige kinde-
ren in het ABCD-cohort. Deze patronen zijn gedefinieerd met behulp van de a posteriori Principal
Component Analyse (PCA)-methode. We vonden een snack patroon (hoge inname van hartige
en zoete snacks, fruitsappen en geraffineerde ontbijtproducten en een lage inname van volkoren
ontbijtproducten), een volvet patroon (hoge inname van margarine/roomboter, volvette kaas en
pastagerechten en een lage inname van halvarine en magere kaas), een vlees patroon (hoge inname
van vetarm en vetrijk vlees, sauzen, aardappelen en geraffineerde graanproducten voor warme maal-
tijden) en een gezond voedingspatroon (hoge inname van water en thee, groenten, vis, fruit en vol-
koren graanproducten bij de warme maaltijd). Kinderen van niet-Nederlandse afkomst aten vaker
volgens het snack- en het gezonde voedingspatroon. We zagen ook dat kinderen van Turkse afkomst
vaker aten volgens het volvette patroon en kinderen van Afrikaans-Surinaamse afkomst vaker vol-
gens het vlees patroon. Kinderen van lager opgeleide moeders aten vooral vaker volgens het snack
patroon, en vaker volgens het vleespatroon en minder vaak volgens het volvette patroon.

In hoofdstuk 3 hebben we de sterke associatie tussen opleidingsniveau van de moeder en het
a posteriori gedefinieerde snack patroon verder onderzocht. We zagen dat ook andere sociaal eco-
nomische indicatoren sociaaleconomische, te weten een lager opleidingsniveau van de vader, een
lager niveau van huishoudfinancién en een lagere sociaaleconomische status (SES) van de buurt de
kans op een snack patroon vergrootte, hoewel een lager opleidingsniveau van de moeder de sterkste
risicofactor was. We zagen dat kinderen van een middelhoog opgeleide moeder vaker aten volgens
een snack patroon als het niveau van huishoudfinancién te laag of net voldoende was, dan wanneer
er ruimte was om geld over te houden.

In hoofdstuk 4 beschrijven we vervolgens hoe de vier a posteriori gedefinieerde voedingspatronen
geassocieerd waren met gewichtsontwikkeling tussen de leeftijd van 5 en 10 jaar, uitgesplitst naar
etnische groep en opleidingsniveau van de moeder. Kinderen van Nederlandse afkomst en hoog op-
geleide moeders hadden vaker een gezond gewicht op 5-jarige leeftijd en indien zij dat niet hadden,
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ontwikkelde zij vaker een gezond gewicht op 10-jarige leeftijd. Een hoge score op het gezonde
voedingspatroon, leidde in de meeste groepen verassend tot een hogere gewichtsontwikkeling,
ongeacht etnische achtergrond en hoogte van het opleidingsniveau van de moeder, terwijl een hoge
score op het volvette voedingspatroon leidde tot een lagere gewichtsontwikkeling.

In hoofdstuk 5 pasten we een a priori gedefinieerde voedingskwaliteitsscore toe. Deze score
geeft weer in hoeverre de inname van 10 productgroepen overeenkomt met de leeftijdsspecifieke
Nederlandse Richtlijnen Goede Voeding voor kinderen van 4 tot en met 8 jaar. In ons cohort werd een
gemiddelde score behaald van 4,8 (+ 1,1) uit een mogelijke score van 10, wat aangeeft dat de helft
van de leeftijdsspecifieke voedingsrichtlijnen werd gehaald. Alleen de inname van volkorenproducten
voldeed aan de aanbevelingen. De inname van fruit, groenten, peulvruchten, vis, nootjes, zuivel,
olie en vloeibare vetten, suikerhoudende dranken en vetrijk en bewerkt vlees voldeed niet aan de
aanbevelingen. We zagen dat kinderen met een hogere score vaker een hoger opgeleide moeder
hadden, en dat zij op 12-jarige leeftijd vaker een lager gewicht, een lagere BMI en een lagere vet-
massa hadden.

We zagen dat de gewichtsontwikkeling van kinderen in ons cohort verschilt, athankelijk van de etnische
achtergrond en het opleidingsniveau van de moeder. We zagen ook onverwachte en wisselende resul-
taten tussen de voedingspatronen en gewichtsontwikkeling. Daarom wilden we in hoofdstuk 6 speci-
fieker bekijken welke voedingspatronen het meest voorspellend waren voor de gevonden verschillen
in BMI en lichaamssamenstelling van kinderen op 5-jarige leeftijd. We gebruikten hiervoor de hybride
Reduced Rank Regression (RRR)-methode en hebben uitgesplitst naar het opleidingsniveau van de
moeder, onderzocht welke voedingspatronen het meest voorspellend waren voor de BMI, vetmassa
en vetvrije massa op 5-jarige leeftijd. Patroon 1 werd in elke groep gekenmerkt door een hoge inname
van vetarme en gezonde voedingsmiddelen en was voorspellend voor een hogere BMI en vetmassa in
ons cohort op 5-jarige leeftijd. Kinderen met een hoge score op Patroon 1, ontwikkelden een hogere
BMI en een hogere kans op overgewicht of obesitas op 10-jarige leeftijd, en een hogere vetmassa op
12-jarige leeftijd, ongeacht het opleidingsniveau van de moeder.

Tot slot biedt hoofdstuk 7 een algemene discussie van de studies die in dit proefschrift worden
beschreven. De belangrijkste antwoorden op de onderzoeksvragen inclusief de implicaties voor toe-
komstig onderzoek, beleid en praktijk zijn:

1. Wij hebben drie verschillende methoden toegepast om voedingspatronen te definiéren bij 5-ja-
rige kinderen in het ABCD-cohort, en deze voedingspatronen kunnen overkoepelend wor- den
gelabeld als gezond, ongezond, traditioneel en een patroon waarin de inname van volle en
vetarme productgroepen relevant was. In vergelijking met de geldende voedingsrichtlijnen, is
de voedingsinname in ons cohort suboptimaal, wat onder andere pleit voor aanpassingen in de
huidige voedselomgeving van kinderen.

2. We observeerden dat kinderen van niet-Nederlandse afkomst, lager opgeleide moeders, la-
ger opgeleide vaders, uit gezinnen met een lager niveau van huishoudfinancién en een lagere
sociaaleconomische status (SES) van de buurt, vaker een ongezond voedingspatroon consu-
meerde. Daarom is het relevant dat de publieke gezondheid zich (blijft) focussen op een gezond
gewicht en een gezonde gewichtsontwikkeling voor kinderen van niet-Nederlandse aftkomst en/
of een lagere SEP, om overgewicht en obesitas te voorkomen.
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We hebben ook aanwijzingen dat er verschillende voedingspatronen worden geconsumeerd
per etnische groep specifiek. Binnen ons cohort was het aantal kinderen binnen de groepen met
een migratieachtergrond te klein om hier duidelijke uitspraken over te doen. Daarom is het be-
langrijk dat er grotere groepen kinderen van relevante etnische groepen geincludeerd worden
in toekomstig onderzoek, om hun specifieke voedingspatronen te onderzoeken, plus om de
mogelijke interactie tussen etniciteit en SEP uitgebreider te bestuderen.

We vonden in ons cohort geen duidelijke associaties tussen het opleidingsniveau van de
moeder en de consumptie van gezonde voedingspatronen. Daarom zou het relevant zijn om
in toekomstig onderzoek gebruik te maken van een meer verfijnde definitie van het opleidings-
niveau van de moeder.

3. We zagen tegengestelde en onverwachte associaties tussen de voedingspatronen en BMI en
lichaamssamenstelling op latere leeftijd. De associatie tussen gezonde, volvette- en vetarme
voedingspatronen en gewichtsontwikkeling zou in vervolgonderzoek verder onderzocht kunnen
worden.

De resultaten in dit proefschrift benadrukken dat de rol van voeding in gezondheids- en ontwikke-
ling gerelateerde onderwerpen complex en multivariabel is. Toch is het consumeren van gezonde
voeding belangrijk voor iedereen, ongeacht etniciteit en SEP. Het is essentieel dat gezonde voeding
aantrekkelijk en beschikbaar is voor alle kinderen en hun ouders.
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Dankwoord

Het voelde fantastisch om te lezen dat mijn proefschrift is goedgekeurd. Het gevoel om continue een
vrij oneindige taak te hebben liggen is achter de rug. Vanaf nu is het tijd voor andere mooie dingen.
Ik gun iedereen, wiens blik nog op oneindig staat, ditzelfde gevoel!

Ik startte aan het vormgeven van dit promotieonderzoek met als doel meer te leren over het uitvoeren,
interpreteren en toepassen van onderzoek. Dat doel is absoluut behaald. Het is een goed bewaard
geheim dat je van promoveren misschien wel meer leert over ‘het proces’ dan over 'de inhoud'. Voor
zover je deze twee aspecten strikt kunt scheiden, bleek dit voor mij zeker van toepassing. Naast mijn
eigen lessen, is dit proefschrift absoluut alleen maar tot stand gekomen met de hulp en bijdragen van
vele anderen die ik hier graag wil bedanken.

Het onderzoek in mijn proefschrift is in de eerste instantie mogelijk gemaakt door de duizenden
ouders en kinderen die gedurende vele jaren vragenlijsten hebben ingevuld en naar meetdagen zijn
geweest. Jullie vormen samen het ABCD-cohort en het was erg interessant en motiverend om een
aantal van jullie te spreken tijdens het laatste ABCD-festival in het najaar van 2024. Dank voor jullie
bijdragen, deze hebben mij doen inzien hoe belangrijk deelname aan onderzoek kan zijn.

Mijn dank gaat uiteraard ook uit naar de projectleiding van de ABCD-studie en collega-onderzoekers
(0.a. Margreet, Laetitia, Adriétte, Marieke, Arend, Jessica en Noekie) die met veel gedrevenheid en
enthousiasme werken aan het verzamelen, opschonen en verwerken van alle data binnen dit unieke
cohort. Er zijn veel mooie resultaten gevonden en gepubliceerd!

Dr. Tanja Vrijkotte, ik wil jou als projectleider van de ABCD-studie bedanken voor de mogelijkheid om
mijn onderzoek te kunnen uitvoeren binnen dit mooie cohort. Het was leerzaam en inspirerend om
met jullie te mogen werken.

Beste promotoren; professor Peter Weijs, professor Arnoud Verhoeff, copromotoren; dr. Mary
Nicolaou, dr. Martinette Streppel en oud copromotoren; dr. Manon van Eijsden en dr. Mariélle
Engberink. Jullie hebben een grote rol gespeeld in het volbrengen van dit proefschrift. Ik heb het
geluk gehad om jullie als begeleiders te mogen treffen en ben jullie dankbaar voor jullie bijdragen in
mijn proces. Jullie kennis, ervaring, lessen, begrip en benaderbaarheid waren erg belangrijk voor mij.

Beste Peter, je gaf mij alle ruimte en vertrouwen om een eigen stijl te ontwikkelen en wist altijd direct
feilloos de belangrijkste feedback te formuleren. Het is mooi om te zien hoe het lectoraat Voeding
en Beweging onder jouw leiding is uitgegroeid tot een grote professionele onderzoeksgroep en
hopelijk volgen hier binnen nog vele mooie andere onderzoeksprojecten.

Beste Arnoud, dank voor je heldere ideeén over het interpreteren en formuleren van mijn resultaten.
Jouw enorme kennis over Public Health onderzoek, cohort studies en sociologie heeft veel waarde
toegevoegd aan mijn onderzoek.

Beste Mary, jij bracht kennis mee over het bestuderen van voedingspatronen en de rol van etniciteit
hierin. Tijdens brainstorm sessies bracht je goede ideeén over de inhoudelijke focus van mijn proef-
schrift en je wist duidelijk te benoemen waar een artikel aan zou moeten voldoen om relevant te
kunnen zijn. Ik heb erg veel gehad aan de praktische en vaak ook tijdbesparende tips, en natuurlijk
niet te vergeten jouw zeer welkome kennis van de Engelse taal!
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Beste Martinette, je wist waarschijnlijk al dat ik hier zou schrijven over jouw fantastische kennis van
statistiek, jouw input was absoluut onmisbaar binnen mijn project! Wat ook onmisbaar was: als we
ons over een tekst bogen, je even nadacht en vervolgens vroeg: “wat wil je hiermee zeggen?”, “kun
je dit stuk ook korter formuleren?” of “kan dit stuk ook weg?” Mary en Martinet: als ik mijn gedachten
over een bepaald stuk formuleerde konden jullie bijna in koor zeggen: “en schrijf eens op wat je nu
zegt”of “neem jezelf een keer op en schrijf dat over”. Het zijn zinnen waarvan ik op een gegeven
moment wist dat ze kwamen en absoluut op zijn plaats waren. Ik heb er veel van geleerd en probeer
het absoluut nog steeds mee te nemen!

Beste Mariélle en Manon, het was erg prettig om jullie als copromotor bij de opstart van mijn pro-
ject te hebben. Mariélle, je bracht een projectmatige en pragmatische insteek mee toen je vanuit
de Wageningen Universiteit bij de HVA kwam werken. Het gaf mijn project sturing en een duidelijk
fundament. Ik vind het fijn om te merken hoe je mij in mijn proces van leren focussen, en mijn onder-
zoek in de afgelopen jaren hebt gevolgd!

Beste Manon, als oud-promovendus binnen de ABCD-studie was je goed op de hoogte van de
studie en de beschikbare data. Ik heb veel van je geleerd over het doen van onderzoek en je inhou-
delijke (tegen)vragen. Het was erg waardevol dat ik tijdens het schrijven van mijn general discussion,
mijn gevonden resultaten met je kon bespreken. Het werd een inspirerende brainstorm die mij hielp
om mijn bevindingen beter te kunnen plaatsen en te formuleren op het niveau dat past bij de general
discussion. Het was ook relativerend om hard te kunnen lachen om een aantal bijzondere resultaten,
bijvoorbeeld over bepaalde productgroepen. Vooral ook omdat je aan de start stond van mijn onder-
zoek en weet vanuit welke gedachtegang bepaalde keuzes soms zijn gemaakt. Jouw fascinatie voor
het vak heeft mijn beeld over mijn resultaten absoluut doen laten leven!

Graag wil ik ook Louise Dekker, Anh Nhi Nguyen en Trudy Voortman bedanken voor de samenwerking
en jullie rol als co-auteur op mijn artikelen. De samenwerkingen hebben mijn onderzoek een breder
kader gegeven en Anh Nhi, het was erg leuk om af en toe eens bij jullie in Rotterdam langs te kunnen
komen!

Ik bedank ook graag de Nederlandse Organisatie voor Wetenschappelijk onderzoek (NWO) voor het
verstrekken van de promotiebeurs voor leraren.

Beste leden van de promotiecommissie: prof. dr. ir. Joline Beulens, prof. dr. Jessica Kiefte-de Jong,
dr. Eva Corpeleijn, dr. Tanja Vrijkotte en dr. Tommy Visscher. Hartelijk dank voor het lezen en beoor-
delen van mijn proefschrift en om plaats te nemen in de promotiecommissie.

Dank aan mijn vele collega’s van de HvA. Kantoorhumor is een remedie voor heel veel zaken, waar-
onder het schrijven van een PhD. Ik waardeer jullie enthousiasme en enorme bevlogenheid om het
onderwijs altijd weer beter te kunnen maken. Met een aantal van jullie vorm ik al vele jaren een team
en ik ben er trots op dat ik altijd op jullie kan rekenen! Robert, dank dat ik rondom de goedkeuring
en afronding van mijn boekje regelmatig in de lucht mocht komen voor de ‘laatste’ praktische tips
over de afronding. lk wens alle collega’s van het Lectoraat Voeding en Bewegen die binnenkort ook
hun promotieonderzoek zullen afronden, heel erg veel succes en inspiratie toe!

Dank lieve school- en studie vriendinnen die inmiddels al heel wat decennia (zelfs al vanaf groep 1
van de basisschool!) met mij meelopen en/of samen met mij in dit mooie vakgebied werken. Direct
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na de middelschool, startte mijn reis binnen de fantastische wereld van voeding en ik ben er nooit
meer weggegaan. Lieve Sophie, Hanneke, Miriam, Hetty, Lisette, Moniek, Astrid, Nienke, Maartje en
Gerdien, studievriendinnen bij Voeding en Diétetiek. Wat was onze tijd in Nijmegen een groot feest
en ik gun elke student zo'n studietijd als wij hebben gehad! Samen met de allerleukste huisgenoten
en studievrienden bij Nutrition and Health in Wageningen hebben jullie aan de wieg gestaan van mijn
start en interesse in dit vakgebied.

De afronding van mijn proefschrift voelde als een fijne tegenhanger van de meer solistische fasen.
Het voelde erg fijn dat een aantal van jullie hebben meegedacht met de taken in het laatste stukje
van mijn promotieonderzoek.

Lieve Francis en Annemarie. Dank dat jullie mij als paranimf willen bijstaan tijdens mijn verdediging.
Lieve Francis, wie had tijdens onze Master in Wageningen -waar we vrijwel alles compleet tegenover-
gesteld aanpakten- gedacht dat we toch nog zoveel overeenkomsten bleken te hebben. Dank voor
je steun en voor het delen van al je wijze inzichten! Lieve Annemarie, als oudste vriendin van ‘ons
relativering. Wie anders had alle uiterst essentiéle vragen rondom het proces van promoveren en de
ceremonie van de verdediging moeten stellen?

Lieve Anne-Marije, wat was het fijn om af en toe samen terug te kunnen denken aan onze tijd op de
middelbare school, waarin jij als mijn maatje zelfs de lessen wiskunde b en scheikunde in onze ultra
serieuze klas nog gezellig wist te maken! Hoewel elk proefje bij scheikunde totaal uit de hand liep,
begrepen we de stof gelukkig wel als het erop aankwam!

Lieve Mirjam, wat fijn dat jij je in de laatste maanden waarin ik mijn onderzoek niet ‘even kon laten
liggen’, hebt ontfermt over het ontwerp, de lay-out en het drukproces van mijn boekje. Wat fijn dat ik
die klus bij jou kon laten, je hebt er met al jouw kennis en ervaring een prachtig boekje van gemaakt
waardoor ik mijn promotieonderzoek met nog meer trots kan afronden! Dank Francis, Sophie en
Marloes voor het lezen van mijn samenvatting wat maakte dat mijn boekje een meer toegankelijk stuk
werd. En niet te vergeten: dank iedereen voor het bekijken van de tot wel 20 versies (of waren het er
meer?!) van het ontwerp van mijn boekje. En gewoon dank aan iedereen die er altijd op het juiste
moment was met de nodige sparkles and joy! Andrej, it was great to see how proud you were. Who
knows, maybe you will finish your PhD research someday!

En uiteraard mijn allerliefste jongens: wat ben ik gek op jullie en wat heb ik intens genoten van jullie
grappen en gezelligheid. Jullie brengen een heerlijke nuchterheid mee en zorgen voor de nodige
relativering in huis. Jullie zijn fantastisch, blijf altijd wie je bent en doe de dingen op de manier die
bij je past!
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