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Abstract

Background: Social inequalities in bodyweight start early in life and track into adulthood. Dietary patterns are an
important 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 1765 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% CI 0.047;0.143)
whereas the full-fat pattern was negatively associated with weight development (e.g. Dutch B -0.069, 95% CI -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 overweight among chil-
dren, mainly present in ethnic minority and lower Socio-
economic (SES) groups [1–4]. Concurrently, there is evi-
dence of a growing prevalence of underweight in children
of native origin in high-income countries [5, 6]. 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 import-
ant to focus on the total range of bodyweight.

Social inequality in bodyweight starts early in life and
tracks into adulthood. Children who are already over-
weight or obese in mid-childhood are likely to remain so
by the start of adolescence [9, 10], and later into adult-
hood [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 differ-
ences in overweight are present from 2 to 4 years on-
wards [1, 2, 13, 14]. Data from the Amsterdam Born
Children and their Development (ABCD) cohort ob-
served 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 (track-
ing) at age 5–6 years [1, 15]. In a Brittish birth cohort
study, differences in BMI trajectories were found be-
tween 4 year old children from different maternal educa-
tion 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 increasing in prevalence
in Europe [5, 6], it is important to also consider how this
tracks in childhood and whether it is asociated with eth-
nicity and/or SES. Earlier results in the ABCD cohort
showed that both ethnicity and SES were related to dif-
ferent 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 consumption of energy-
dense foods [19–21]. 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 develoment 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 there-
after 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 previ-
ously [25]. In brief, between January 2003 and March
2004, all pregnant women living in Amsterdam, the
Netherlands, were invited to participate in the ABCD co-
hort by their obstetric care provider at their first paren-
tal care visit. Of the 12,373 women approached, 8266
women filled out a pregnancy questionnaire that covered
socio-demographic characteristics, obstetric history and
lifestyle characteristics. The questionnaire was available
in Dutch, English, Turkish and the Arabic language.
When the children turned 5 years of age, the addresses
of 6161 mothers were retrieved from the Youth Health
Care registry. A 5-year questionnaire was sent to the
woman’s home address and 4488 questionnaires were
filled out by the mothers. These women received a invi-
tation for a health check and a self-administered Food
Frequency Questionnaire (FFQ) for their children. The
health check was completed by 3321 children and a
number of 2851 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 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 (Fig. 1).

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 proto-
cols using a Leicester portable height measure (Seca) and
a Marsden weightening scale (model MS-4102), respect-
ively. 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 mea-
surements, 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 cat-
egories were formed: underweight, normal weight and over-
weight/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].
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Assessment of dietary patterns
The assessment of dietary patterns within the ABCD co-
hort 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 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 proto-
col developed by TNO Food, the returned FFQs were
scanned and the data on amounts (g/day) of products

Fig. 1 Flow-chart of the sampling procedure of the ABCD study population (n = 1765)
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consumed and intake of energy was calculated using the
Dutch Food Composition 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 rota-
tion. Four dietary patterns were derived: a snacking
(sweet and savory 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 re-
fined grain products for warm meals) and healthy pat-
tern (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 in-
takes, 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 ques-
tionnaire and based on the country of birth of the preg-
nant 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). 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 questionnaire 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 / intermedi-
ate vocational education or high: higher professional
programmes or university programmes leading to a
bachelor or master degree [30].

Assessment of potential confounders
Covariates were selected on the basis of theory and pre-
vious literature and were included in case of a significant
change (�10%) effect estimated on the dietary patterns.
Potential covariates that might influence weight develop-
ment 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 antropometric characteristics were de-
scribed 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 in-
cluded in this analyses (n = 1765), 1765 children had
complete data on sex, age and ethnicity, 1759 on SES,
1756 on screen time and 1666 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 de-
velopment) in the total population by including time as
a fixed effect. This method incorporates all available re-
peated measurements of the BMI z-scores simultan-
eously 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 ana-
lyses. We tested for interactions between weight devel-
opment 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, therefore we reported the results for
these groups combined. We further examined weight de-
velopment 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 stratified by BMI
categories at age 5: underweight (Model 2a), normal
weight (Model 2b) and overweight/obesity (Model 2c).
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 in-
take, in order to obtain insight into the role of energy in-
take 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 2c). All statistical
analyses were performed in SPSS version 24 for windows
and the level of statistical significance was set at 0.05.

Results
Population characteristics
Population characteristics of the total study population
(n = 1765) including stratification by ethnicity and SES
groups are presented in Table 1. Mean (SD) age was 5.7

Rashid et al. BMC Public Health          (2020) 20:427 Page 4 of 11



(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 Suri-
namese (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 Fig. 2 presents the change over BMI cat-
egories 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
Surinamse 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
percetage of children remained underweight at age 10.
In children that were normal weight at age 5, mainly Af-
rican 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 over-
weight/obesity to underweight.

Mean (SD) BMI z-scores per BMI category at age 5
and 10 years are presented in Additional file 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. Mo-
roccan: 1.85 SD 0.63 and low/middle SES: 1.89 SD 0.66).
Antropometric characteristics further specified by sex
are shown in Additional file 2.

Weight development between age 5 and 10 years
Within the total population (n = 1765), 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 compar-
able (B -0.021, 95% CI -0.056; 0.014).

Weight development by ethnicity
Significant interactions were found between weight de-
velopment and most ethnic groups; between Dutch and
African Surinamese, Dutch and Turkish, Dutch and chil-
dren of “other” ethnicities (p < 0.001), between Moroc-
can 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 seperately
(Table 2 and Fig. 3). In Dutch children, weight decreased
(B -0.070, 95% CI -0.107; � 0.033; Model 2). In Moroc-
can 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.

Table 1 Population characteristics at age 5 and 10 years by ethnicity and SES in the ABCD study population (n = 1765)
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