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In the Netherlands, the neighbourhood food environment has received little attention in

initiatives to combat overweight/obesity. This study maps the food environment around

primary schools in The Hague, The Netherlands, and examines associations between

neighbourhood disadvantage, the school food environment and childhood overweight

using Geographic Information Systems (GIS). Linear regression analyses were performed

to test the association between schools’ disadvantage scores (proxy for neighbourhood

disadvantage) and relative fast-food density within 400m and 1000m and fast-food

proximity. Univariable and multivariable linear regression analyses were used to test the

association between the school food environment and overweight prevalence among

children in the respective sub-district in which the schools is found. Multivariable analyses

were adjusted for the schools’ disadvantage scores. Results show that fast-food outlets

were available around most primary schools. Schools in disadvantaged neighbourhoods

were closer to and surrounded by a higher number of fast-food restaurants, grillrooms

and kebab shops. On the sub-district level, the density of such fast-food outlets was

associated with overweight prevalence among children. These findings highlight the

importance of national and local policies to improve the food environment, particularly

in disadvantaged neighbourhoods.

Keywords: primary school, food environment, fast-food, neighbourhood disadvantage, childhood overweight

INTRODUCTION

Overweight and obesity are increasingly prevalent among children (1, 2). Overweight/obese
children are likely to remain overweight/obese as adults and accumulate the risks of developing
non-communicable diseases posed by being overweight or obese throughout their lives (1). Due
to both stigmatisation and biological mechanisms, overweight and obesity also negatively affect
children’s education, career, social life and psychological well-being (3, 4).
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Childhood overweight/obesity does not have a single cause,
nor is there a single intervention that can tackle it. Personal
characteristics play a role, but many children also live in
an obesogenic environment (5, 6). A substantial part of
these environmental influences is food-related and encourages
excessive caloric intake. Much research has been done on
the influence of the neighbourhood food environment on
eating and drinking habits and weight status, but results are
inconsistent (7–10).

As in other places around the world, overweight prevalence
is not evenly distributed among the underage population
of The Hague, The Netherlands (8, 11). Disproportionally
high percentages of children living in sub-districts with
low socio-economic status and children from non-Western
ethnic backgrounds are overweight or obese (11). This
unequal distribution is not fully explained by household
income and parental educational level and suggests that
other environmental factors at the neighbourhood level may
influence the development of excessive weight in children. A
key factor at the neighbourhood level that could contribute to
the unequal distribution of overweight/obesity prevalence is
the food environment, particularly the spatial availability and
accessibility of fast-food (8, 9, 12). Children’s neighbourhood
food environment includes their residential environment and
the food environment in places they frequent, particularly
around their school (10, 13). For Dutch primary school
children, the school food environment approximates children’s
neighbourhood food environment as a whole because most
children attend primary school close to home. Hence, the
school food environment represents the environment where
they spend the vast majority of their time. While primary
school-aged children receive most food from their parents to
bring to school (schools rarely provide meals), some do purchase
food themselves before and/or after school (14). An unhealthy
food environment may also invite and normalise unhealthy
food preferences or choices. This is not unique to children, but
children are especially sensitive to food cues (15, 16).

Previous research into the association between
neighbourhood disadvantage and the food environment
has shown that fast-food restaurants are more prevalent
– in general and around schools – in socio-economically
disadvantaged areas compared to non-disadvantaged areas
(7, 17, 18). For other types of food outlets, the relationship with
neighbourhood disadvantage is ambiguous (7). Most evidence
for a link between neighbourhood disadvantage and fast-food
availability comes from North America. In the Netherlands,
however, the number of fast-food providers within five minutes
from secondary schools also appears to be higher in low-income
neighbourhoods, although overall healthiness of food providers
did not differ by neighbourhood socioeconomic status (5, 7, 19).

Based on these findings, we hypothesise that there are
more fast-food outlets around primary schools in disadvantaged
neighbourhoods compared to other neighbourhoods in The
Hague and that the large number of fast-food outlets contributes
to the disproportionately high prevalence of overweight/obesity
in The Hague’s disadvantaged sub-districts. Although evidence of
a differential effect of the food environment on dietary behaviour

by socioeconomic status is limited, children and parents living
in (highly) disadvantaged neighbourhoods may be more prone
to buy quick and cheap food at fast-food outlets upon exposure
to such outlets (20). Hence, we hypothesised that the higher the
level of disadvantage, the stronger the association of the food
environment with childhood overweight prevalence.

In the Netherlands in 2019, 13.2% of children aged 4–17
were overweight and 2.1% were obese (2). Recognising the
severity of the issue and long-lasting impact on health and well-
being, policymakers are dedicated to combat overweight and
obesity, particularly among children, yet the food environment
has not been extensively addressed in the Netherlands. Therefore,
the aims of this study were 1) to map the food environment
around primary schools in The Hague, The Netherlands; 2) to
test the associations between neighbourhood disadvantage and
measures of fast-food availability around primary schools; and 3)
to examine the association between the school food environment
and overweight prevalence among children and to what extent
this is modified by neighbourhood disadvantage.

METHODS

Study Context
This cross-sectional study focussed on the Dutch city The Hague.
The Hague is a city of around half a million people characterised
by high levels of urbanisation and socioeconomic and ethnic
diversity [Table S1, (21)]. Descriptive data about the number of
inhabitants, age distribution, percentage of inhabitants with a
migration background and disadvantage per sub-district were
obtained from The Hague in Numbers [Den Haag in Cijfers
(DHIC)] [Table S1, (21)]. The degree of disadvantage per sub-
district was presented using the Disadvantage Index (22). Total
scores below 0 indicate no disadvantage, while scores above 0
indicate (some form of) disadvantage. In the commonly used
classification system, scores of 5–15 and scores>15 constitute the
disadvantaged classes (22). The overweight prevalence data used
for this study were collected during routine preventive health
surveys among children during which weight and height are
measured by trained healthcare workers (23). Weight categories
are determined based on height, age and sex using Cole and
Lobstein’s (2012) cut-off values and adapted cut-offs for youth
of South Asian ethnicity who have a different body composition
(23, 24). With a participation rate of over 80% and appropriate
age-adjustment, these data are considered representative of The
Hague’s child and youth population (23). The individual-level
survey measurements were not available for this study. The
sub-district level Disadvantage Index was combined with data
on childhood overweight prevalence per sub-district from the
youth healthcare services (in Dutch: Jeugdgezondheidszorg) in
a choropleth map (Figure 1).

Mapping the Food Environment Around Primary

Schools
To map and visualise the food environment around primary
schools in The Hague, the Geographic Information Systems
(GIS) software QGIS (QGIS Desktop 3.14.16 Pi and 3.16.0
Hannover) was used (25). With data from OpenStreetMap,
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FIGURE 1 | The prevalence of overweight per sub-district and the disadvantaged sub-districts in The Hague in 2015.

the Education Executive Agency of the Dutch Ministry of
Education, Culture and Science (DUO) and Locatus, schools
were geocoded based on their addresses and the sites of fast-
food outlets were plotted using their XY coordinates (26–
28). Schools offering special education, such as schools for
handicapped children, children with behavioural and mental
health disorders and children with severe learning difficulty,
were excluded. Pupils often travel further to attend these schools
and, therefore, the school’s food environment may not reflect
the neighbourhood food environment where the children spend
the majority of their time. Additionally, a substantial proportion
of pupils who need special education cannot visit food outlets
independently or may experience the food environment in
unexpected ways (29). The Locatus dataset of retailers is based on
regular systematic field audits in which stores in the Netherlands
are mapped and classified (30). In order to map the food
environment around schools in The Hague, particularly the fast-
food environment, fast-food restaurants, grillrooms and kebab
shops and take-away restaurants were mapped together with
primary schools, per category and per city district. Hereafter
the term “fast-food restaurants” denotes the Locatus retailer
category, while “fast-food outlets” refers to the totality of
fast-food restaurants, grillrooms and kebab shops and take-
away restaurants.

Variables Used for the Statistical Analyses
This study was based on secondary data. To capture the fast-
food environment, relative fast-food density (FFD) and fast-food
proximity (FFP) around primary schools were assessed. Relative
FFD was calculated using the buffer function in QGIS. Relative
FFD refers to the number of fast-food outlets within a certain
Euclidean distance from a school as a proportion of the total
amount of food retailers in this area. In the Netherlands, home-
school travel is often done on foot or by bike. Therefore, for the
Euclidean buffer zones, radii of 400 (FFD400) and 1000 (FFD1000)
metres were used, as these distances represent acceptable walking
and short biking distances (9, 31). To determine FFP, the
distance matrix function in QGIS was used. FFP is defined as
the shortest Euclidean distance from the school to the nearest
fast-food outlet.

The measure of neighbourhood disadvantage used in the
statistical analyses is the schools’ disadvantage score. This
is more specific to the immediate surroundings of the
school than the district or sub-district level Disadvantage
Index used in the descriptive data and visual analyses.
Primary schools in the Netherlands receive subsidies if
there is a risk of educational disadvantage among their
pupils, indicated by a high disadvantage score of the school.
Educational disadvantage refers to cases where a pupil’s
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TABLE 1 | Descriptive statistics of the school food environment in The Hague and results of the Welch’s t-Tests to compare the school food environment in

disadvantaged and other sub-districts.

City-wide Disadvantaged sub-districts Other sub-districts t-Testa

Number of primary schools 135 34 101

Mean (SD) p-value

Relative FFD400
b 18.41% (15.62) 20.30% (6.45) 17.78% (17.55) p = 0.23

Relative FFD1000
c 20.10% (7.23) 20.31% (3.20) 20.03% (8.12) p = 0.78

FFPd 277.55m (230.67) 159.84m (81.20) 317.17m (249.28) p < 0.001

***p < 0.001, **p < 0.01, *p < 0.05, ◦ p < 0.01.
aTwo-tailed Welch’s t-Test to test the statistical significance of a difference in means between the FFDs and FFP around primary schools located in disadvantaged sub-districts and

other sub-districts of The Hague. The alternative hypotheses are that there are no true differences between the mean relative FFD400, mean relative FFD1000 or mean FFP in schools in

disadvantaged sub-districts compared to schools in other sub-districts.
bRelative FFD400 refers to the number of fast-food outlets within 400m (Euclidean distance) from a school as a proportion of the total amount of food retailers in this area.
cRelative FFD1000 refers the number of fast-food outlets within 1000m (Euclidean distance) from a school as a proportion of the total amount of food retailers in this area.
dFFP is the shortest Euclidean distance from the school to the nearest fast-food outlet.

FIGURE 2 | Grillrooms and kebab shops, take-away restaurants and fast-food restaurants around primary schools in the district Centrum.

school performance is negatively influenced by an unfavourable
environment (32). The environmental conditions used to predict
educational disadvantage are similar to those commonly used
to identify neighbourhood disadvantage and as most children
attend primary school close to home, this study uses the
school disadvantage score as an indicator of neighbourhood

disadvantage (33). Disadvantage scores of 0 or below 0 are
equalled to 0 and indicate that there is no educational
disadvantage, whereas scores above 0 indicate disadvantage (32).
As scores below 0 were equalled to 0, the disadvantage score
is treated as a categorical variable. At schools with a positive
disadvantage score, educational disadvantage is expected and,
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FIGURE 3 | Primary schools in The Hague, plotted in different colours to indicate whether the relative FFD400 around them is above or below average, against an

outline of city with the five disadvantaged sub-districts.

thus, these schools are considered to be located in disadvantaged
neighbourhoods. Overweight prevalence per sub-district was
based on data from routine preventive health surveys among
children, as described earlier.

Visualisation and Spatial Analysis
To visualise the potential link between disadvantage at the sub-
district level and the food environment surrounding primary
schools, maps of The Hague showing the locations of primary
schools and the disadvantaged sub-districts were made. The
schools appear in two colours depending on whether the relative
FFD400 or FFD1000 or FFP is above or below average: yellow
represents relative FFD above average or FFP below average,
whereas purple represents relative FFD below average or FFP
above average (Figures 3–5).

Statistical Analyses
Descriptive statistics were used to describe the school food
environment and Welch’s t-Tests were conducted to compare
the school food environment in disadvantaged and non-
disadvantaged sub-districts. Linear regression analyses were used
to test whether the schools’ disadvantage score (as a proxy
for neighbourhood disadvantage) was associated with relative
FFD400, relative FFD1000 and FFP. Analyses were performed

using the disadvantage score as a dichotomous variable (i.e.,
not disadvantaged [(score = 0) and disadvantaged (score > 0)]
and as a categorical variable (i.e., six categories, ranging from
no to very high disadvantage). As the distribution of relative
FFD400 and FFP were positively skewed, these variables were
natural log transformed (after adding 1 to the relative FFD400

values to account for real zeros in the data) before regression.
The number of pupils per school was controlled for, as in areas
with a high number of residents, the number of food providers is
likely to be relatively high. Analyses were performed with all fast-
food outlets together and stratified by type: fast-food restaurants,
grillrooms and kebab shops and take-away restaurants. Non-
linearity was evaluated by testing a quadratic term in the
regression model.

To test the association between the school food environment

and the prevalence of overweight among children in the

respective sub-districts in which schools are located, univariable

and multivariable linear regression analyses were used. Analyses

were adjusted for the schools’ disadvantage score, as a proxy

for neighbourhood disadvantage. Regression analyses were
conducted with relative FFD and FFP of all fast-food outlets and
stratified by type of fast-food outlet. Non-linearity was evaluated
by using a quadratic term.
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FIGURE 4 | Primary schools in The Hague, plotted in different colours to indicate whether the relative FFD1000 around them is above or below average, against an

outline of city with the five disadvantaged sub-districts.

To assess whether the association between the school food
environment and overweight prevalence among children was
modified by the level of neighbourhood disadvantage, univariable
regressions were run separately for schools with no, low,
medium and high disadvantage scores. The latter three categories
were obtained by disaggregating schools with a positive
disadvantage score into tertiles. Potential effect modification was
further assessed by including an interaction term between the
disadvantage level and the food environment variables. Statistical
significance was defined as p < 0.05 throughout the analyses.
Statistical analyses were conducted in R Studio (R 4.0.3) (34).

RESULTS

Childhood overweight prevalence per sub-district of The Hague
ranged from 7.0 to 33.1%. Childhood overweight prevalence was
highest in the more disadvantaged sub-districts (Figure 1).

Of the primary schools in The Hague, n = 135 included
data on the school disadvantage scoreand the number of pupils.
Overall, the maps showed that most schools were located nearby
one or more fast-food outlet. The mean relative FFDs and FFP
confirmed that fast-food was readily available around primary
schools, with fast-food outlets making up around 20% of the food

retailers within 400 or 1000m from the school and the mean
distance to the closest one being 277.55m (Table 1). However,
some schools also had no fast-food outlet(s) within 400m or
1000m. Visualising the fast-food environment around primary
schools showed an unequal distribution of fast-food outlets
throughout The Hague. Figure 2 shows the locations of schools
and fast-food outlets in the city centre and complementary maps
by district are available as Supplementary Material. Fast-food
outlets were present in considerably higher numbers in some
sub-districts compared to others and clusters were observed
(Figure 2, Supplementary Material). Especially in and around
the city centre, the number of both fast-food outlets and schools
was notably high (Figure 2). Other clusters of fast-food outlets,
such as those near the beach, had fewer schools nearby. Overall,
fast-food restaurants were most plentiful (n = 253) in the city,
followed by take-away restaurants (n = 145) and grillrooms and
kebab shops (n = 86) (maps by category of fast-food retailer are
available as Supplementary Material).

No evident pattern was observed in the maps of the
distribution of schools with relative FFDs below or above
average across disadvantaged and non-disadvantaged sub-
districts identified by the Disadvantage Index. Many schools
with high relative FFD400 around them were located in non-
disadvantaged areas (Figure 3). The relative FFD1000 was high

Frontiers in Public Health | www.frontiersin.org 6 April 2022 | Volume 10 | Article 838355

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Smagge et al. School Food Environment and Overweight

FIGURE 5 | Primary schools in The Hague, plotted in different colours to indicate whether their FFP is above or below average, against an outline of city with the five

disadvantaged sub-districts.

for all schools in two disadvantaged sub-districts (Laakkwartier
en Spoorwijk and Moerwijk), but low in the other disadvantaged
sub-districts. The proportion of schools with relative FFD1000

above the mean appeared quite equal in disadvantaged and non-
disadvantaged areas (Figure 4). The FFP was below average for
all but two schools in disadvantaged areas, but also for many
schools elsewhere in the city (Figure 5). However, while themean
relative FFDs did not differ significantly between disadvantaged
and other sub-districts, the mean FFP was significantly smaller
in disadvantaged sub-districts compared to other sub-districts
(Table 1).

Results of the linear regression analyses showed that the
schools’ disadvantage score, dichotomously and in six categories,
was associated with higher relative FFD400 [β = 1.20; 95% CI
(0.78, 1.62) and β = 0.34; 95% CI (0.21, 0.47)], higher FFD1000

[β = 3.05; 95% CI (0.48, 5.62) and β = 1.09; 95% CI (0.33, 1.84)]
and lower FFP [β = −0.56; 95% CI (−0.81, −0.30) and β =

−0.18; 95% CI (−0.25, −0.10)] of fast-food outlets (Table 2).
The results stratified by fast-food outlet type showed that for
fast-food restaurants separately, the disadvantage score was
associated with higher relative FFD400 and lower FFP. Only the
disadvantage score in six categories was associated with higher

relative FFD1000. The disadvantage score was also associated
with the relative density and proximity of grillrooms and kebab
shops. The associations between disadvantage and the relative
FFDs and FFP were stronger for grillrooms and kebab shops
than for fast-food restaurants. For take-away restaurants, only
the associations between the disadvantage score, dichotomously
and in six categories, and FFP and the association between
the disadvantage score in six categories and relative FFD1000

were significant. The latter association was not in the expected
direction, i.e., a higher disadvantage score was associated with
lower relative FFD1000 (Table 2).

Higher relative FFD400 and FFD1000 were associated with
higher prevalence of overweight among children in the sub-
district [β = 2.74; 95% CI (1.73, 3.76) and β = 1.09; 95% CI
(0.55, 1.64), respectively], while greater distance to fast-food
outlets was also associated with higher overweight prevalence [β
= 25.33; 95% CI (7.70, 42.96)]. Controlling for the disadvantage
level slightly weakened these associations, but associations with
relative FFD400 [β = 1.16; 95% CI (0.46, 1.86)] and FFD1000

[β = 0.46; 95% CI (0.10, 0.82)] remained significant (Table 3).
Separate analyses per fast-food category showed that higher
relative densities of fast-food restaurants and grillrooms and
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TABLE 2 | Associations between neighbourhood disadvantage and the food environment.

Association with the food environmenta

Estimated impact β (95% confidence interval)

Relative FFD400
b Relative FFD1000

c FFPd

All fast-food outlets

Disadvantage score (dichotomous) 1.20*** (0.78, 1.62) 3.05* (0.48, 5.62) −0.56*** (−0.81, −0.30)

Disadvantage score (six levels) 0.34*** (0.21, 0.47) 1.09** (0.33, 1.84) −0.18*** (−0.25, −0.10)

Fast-food restaurants

Disadvantage score (dichotomous) 1.11*** (0.75, 1.47) 1.59 (−0.49, 3.68) −0.46*** (−0.70, −0.23)

Disadvantage score (six levels) 0.29*** (0.18, 0.40) 0.70* (0.09, 1.31) −0.15*** (−0.21, −0.08)

Grillrooms and kebab shops

Disadvantage score (dichotomous) 1.18*** (0.86, 1.49) 2.43*** (1.33, 3.53) −0.96*** (−1.30, −0.62)

Disadvantage score (six levels) 0.40*** (0.31, 0.49) 0.93*** (0.62, 1.24) −0.37*** (−0.46, −0.28)

Take-away restaurants

Disadvantage score (dichotomous) 0.25 (−0.14, 0.64) −0.98 (−2.73, 0.77) −0.34* (−0.63, −0.04)

Disadvantage score (six levels) 0.08 (−0.04, 0.20) −0.55* (−1.06, −0.03) −0.11* (−0.19, −0.02)

***p < 0.001, **p < 0.01, *p < 0.05, ◦ p < 0.01.
aLinear regression was used to test the association between neighbourhood disadvantage and the food environment, controlling for the number of pupils per school. Analyses were

run both with disadvantage score as a dichotomous variable (neighbourhood disadvantage compared to reference category no neighbourhood disadvantage) and with disadvantage

score as a categorical variable (six levels).
bThe variable relative FFD400 was transformed using the expression ln(X + 1). Relative FFD400 refers to the number of fast-food outlets within 400m (Euclidean distance) from a school

as a proportion of the total amount of food retailers in this area.
cRelative FFD1000 refers the number of fast-food outlets within 1000m (Euclidean distance) from a school as a proportion of the total amount of food retailers in this area.
dThe variable FFP was transformed using the expression ln(X). FFP is the shortest Euclidean distance from the school to the nearest fast-food outlet.

kebab shops were associated with higher overweight prevalence
among children. For take-away restaurants, higher relative
FFD400 was associated with higher, and relative FFD1000 with
lower, overweight prevalence. Greater distance to fast-food
restaurants and take-away restaurants was associated with higher
overweight prevalence among children, while greater distance to
grillrooms and kebab shops was associated with lower overweight
prevalence. When controlling for neighbourhood disadvantage
level, the stratified results were in similar directions. However,
the associations with overweight prevalence of relative FFD1000

of take-away restaurants, FPP of all fast-food outlets and of fast-
food restaurants and take-away restaurants, specifically, were no
longer significant (Table 3).

No significant interaction was observed between the
disadvantage score and the food environment in the association
between the food environment and childhood overweight
(Table 4).

DISCUSSION

The results of this study indicate that the density of fast-food
restaurants, grillrooms and kebab shops around primary schools
is higher and the distance between schools and such fast-food
outlets is smaller in disadvantaged neighbourhoods compared
to non-disadvantaged neighbourhoods. The findings further
suggest that greater density of fast-food outlets is associated
with greater overweight prevalence among children on the sub-
district level.

Our findings indicate that higher disadvantage scores of
primary schools, representing neighbourhood disadvantage, are

associated with higher relative fast-food density and closer fast-
food proximity. This is in line with previous research (7, 17,
18). However, few studies have shown such associations in the
Netherlands (5, 7, 17–19). The majority of studies have been
conducted in the United States, where ethnic and socioeconomic
segregation are more pronounced (7).

The visualisations in this study show that in disadvantaged
sub-districts the FFP from nearly all schools was below average
(i.e., fast-food outlets were generally located closer to these
schools), whereas non-disadvantaged sub-districts contained
schools with both high and low FFP. Schools with high
relative FFDs were also found in both disadvantaged and non-
disadvantaged sub-districts. Thus, although this study supports
previous findings that link area disadvantage to fast-food
availability/accessibility, it emphasises that an unhealthy food
environment surrounding primary schools is also a concern
outside disadvantaged areas. The apparent lack of association
between disadvantage and relative FFD in the visual analysis
could be explained by the fact that there are schools in the
non-disadvantaged sub-districts with aDisadvantage Score above
0, indicating they are in a disadvantaged neighbourhood. This
insight was obtained by our visual exploration of the data prior
to the analyses. It suggests that there are localised differences in
neighbourhood disadvantage, which are associated with relative
FFD, but not captured by the sub-district level disadvantage
classification. These localised differences may be explained by
residential and school segregation, for example (35).

Stratification by type of fast-food outlet showed an association
between schools’ disadvantage score and the food environment
for fast-food restaurants and grillrooms and kebab restaurants,
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TABLE 3 | Associations of neighbourhood disadvantage and the food environment with overweight among children in the sub-district that the school is located in.

Association with overweight among children in the sub-district

β (95% confidence interval)

Univariable Multivariablea

Relative FFD400
b

All fast-food outlets 2.74*** (1.73, 3.76) 1.16** (0.46, 1.86)

Fast-food restaurants 7.71*** c (4.82, 10.61) 1.54*** (0.76, 2.33)

Grillrooms & kebab shops 5.11*** (4.01, 6.22) 2.15*** (1.15, 3.15)

Take-away restaurants 10.57*** c (6.21, 14.94) 3.69* c (0.67, 6.71)

Relative FFD1000
d

All fast-food outlets 1.09*** c (0.55, 1.64) 0.46* c (0.10, 0.82)

Fast-food restaurants 1.15*** c (0.66, 1.64) 0.45** c (0.11, 0.78)

Grillrooms & kebab shops 3.39*** c (2.34, 4.45) 2.01*** c (1.13, 2.89)

Take-away restaurants −1.07*** c (−1.67, −0.47) −0.18◦ (−0.36, 0.005)

FFPe

All fast-food outlets 25.33** c (7.70, 42.96) 11.54◦ c (−0.17, 23.25)

Fast-food restaurants 33.38** c (12.58, 54.18) 13.91◦ c (−0.04, 27.86)

Grillrooms & kebab shops −4.48*** (−5.60, −3.35) −1.60** (−2.56, −0.63)

Take-away restaurants 20.64* c (3.11, 38.17) −0.26 (−1.34, 0.82)

***p < 0.01, **p < 0.05, *p < 0.1, ◦ p < 0.001.
aThe multivariable regressions were adjusted for the neighbourhood disadvantage level around schools (based on the schools’ disadvantage scores).
bThe variable relative FFD400 was transformed using the expression ln(X + 1). Relative FFD400 refers to the number of fast-food outlets within 400m (Euclidean distance) from a school

as a proportion of the total amount of food retailers in this area.
cThis effect was better estimated by including a quadratic term in the regression.
dRelative FFD1000 refers the number of fast-food outlets within 1000m (Euclidean distance) from a school as a proportion of the total amount of food retailers in this area.
eThe variable FFP was transformed using the expression ln(X). FFP is the shortest Euclidean distance from the school to the nearest fast-food outlet.

TABLE 4 | Associations between the food environment and overweight prevalence among children in the sub-district that the school is located in and the interaction

between the food environment and neighbourhood disadvantage in these associations.

Association with overweight among children in the sub-districta P-value

interaction term

β (95% confidence interval)

No disadvantage schools Low disadvantage

score schools

Medium disadvantage

score schools

High disadvantage

score schools

Relative FFD400
b −2.38◦ c (−4.81, 0.06) 1.36 (−0.36, 3.09) 4.95*** (2.33, 7.56) 0.41 (−1.38, 2.19) p = 0.10

Relative FFD1000 0.15* (0.03, 0.28) 0.008 (−0.25, 0.27) 3.42**c (1.11, 5.73) −0.18 (−0.47, 0.11) p = 0.26

FFPd 0.42 (−0.92, 1.75) −0.77 (−3.18, 1.65) 79.80** c (22.62, 136.98) −0.88 (−3.50, 1.74) p = 0.36

***p < 0.01, **p < 0.05, *p < 0.1, ◦ p < 0.001.
a Separate regressions were run with schools with disadvantage score= 0 and schools with low, medium and high disadvantage (disaggregation of schools with disadvantage score> 0

into tertiles). The p-value of the interaction term refers to the interaction between a food environment variable and the disadvantage score category (no, low, medium or high disadvantage).
bThe variable relative FFD400 was transformed using the expression ln(X + 1).
cThis effect was better estimated by including a quadratic term in the regression.
dThe variable FFP was transformed using the expression ln(X).

but this association was less evident for take-away restaurants.
An explanation could be that take-away restaurants may include
more expensive take-away and delivery restaurants (e.g. sushi)
(27). Additionally, spatial observations may be misleading if
restaurants rely more on delivery than take-away. A greater
presence of grillrooms and kebab restaurants in disadvantaged
areas might be expected because more people with a migration
background live there who generally consume these foods more
often or own the grillrooms and kebab restaurants (21, 36).

However, our findings show that also other fast-food outlets are
significantly closer to schools and more prevalent around schools
with higher disadvantage scores.

One explanation that may contribute to the uneven
distribution of fast-food restaurants, grillrooms and kebab
shops is that citizens living in disadvantaged neighbourhoods
may be less represented in local politics and that community-
participation in political decision-making regarding the food
environment in these neighbourhoods may be lower (37).
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However, also time pressure, financial concerns, stress and
mental health issues and lower health consciousness among
inhabitants of disadvantaged neighbourhoods may maintain a
high fast-food demand (38, 39). This would create a vicious circle
whereby demand raises supply and availability stimulates buying
fast-food. A high demand for fast-food may also result from the
more central, hence potentially more busy, location of schools
in disadvantaged neighbourhoods. However, based on our
observations, primary schools in The Hague are usually located
in residential areas that are not very busy with people passing by
even when located close to a more central location (40).

The results of this study suggest that the disparities in the food
environment between disadvantaged and non-disadvantaged
neighbourhoods may contribute to the higher overweight
prevalence among children in disadvantaged sub-districts. High
relative FFD400 and FFD1000 were significantly associated with
high childhood overweight prevalence in the sub-district that
the school is situated in. However, as elaborated upon below,
further research into these associations is required to confirm our
results. Stratification by type of fast-food outlet showed that the
associations between the relative density of fast-food outlets and
overweight prevalence were due to the distribution of fast-food
restaurants and grill and kebab shops. Multiple associations with
the relative density and proximity of take-away restaurants were
in the opposite direction or non-significant. This may be because
take-away restaurants are not necessarily unhealthy and generally
more expensive than fast-food restaurants and grillrooms and
kebab shops. Additionally, some outlets in the take-away category
primarily deliver (27). The unexpected associations between
higher FFP and higher childhood overweight for fast-food outlets
generally and for fast-food restaurants may be explained by
a non-linear relationship, but were no longer significant after
controlling for schools’ disadvantage levels. For grillrooms and
kebab shops, the association remained significant in the opposite
direction, in line with our hypothesis.

The food environment can influence consumption and
weight in numerous ways (9, 41). The model by Glanz et al.
divides the food environment into the information, occupational,
community and consumer nutritional environments (41).
Particularly differences in the community (i.e., the amount, type
and location of food retailers) and the consumer (i.e., available
choice, food placement and promotion, nutritional information,
price and freshness inside stores and restaurants) environments
could create local differences in consumption patterns and
contribute to spatial inequalities in overweight prevalence.

More specifically, the food environment around primary
schools, serving as a proxy for children’s neighbourhood
environment, could affect consumption and weight because
parents/caretakers can easily purchase food on the way to and
from school, possibly because their children ask for it. Children
themselves too, especially those in higher grades of primary
school (aged ± 10–12) can visit nearby food outlets, particularly
if their parents are not around (14). A less direct influence of the
food environment on eating habits is through food cues. Seeing
and smelling food stimulates buying and eating it. Children are
generally more sensitive to such cues than adults and also prone
to copying their peers (15, 16, 42). Depending on the type of food

outlets around schools and what customers buy, their presence,
therefore, may encourage and normalise unhealthy eating habits
for children and their parents/caretakers (15). Additionally,
if the demand is high around schools and food outlets are
numerous, competition between food outlets could lower food
prices (15, 43).

One possible reason why we did not find stronger associations
between the food environment and childhood overweight
prevalence among schools with higher levels of disadvantage
is because fast-food could also be unaffordable for people
facing severe disadvantage. Another explanation may be that
our findings can be attributed to heterogeneity amongst food
purchasers. Even in areas of low socioeconomic status, some
people buy food impulsively, others plan their purchases, some
enjoy grocery shopping, while others hardly take time to buy food
(44). The capacity to make healthy choices is also determined
by an individual’s level of executive control. The circumstances
of poverty or low socioeconomic status reduce executive control
by demanding a lot of mental energy, but they do not influence
everyone to the same degree (45, 46). Therefore, people are not
equally affected by the food environment.

Study strengths include stratification by fast-food type and
combining visual/spatial and statistical analyses. The maps
visualise the uneven distribution of fast-food outlets and provide
additional information alongside the statistical results, namely
that an unhealthy food environment is also an issue in non-
disadvantaged areas. Furthermore, this study is set in an urban
area outside of the United States and one of few studies of its kind
in the Netherlands, and the first that focused on primary schools.
By including nearly all primary schools, selection bias was
avoided. Finally, this study is based on objective measurements
and validated data. The Locatus dataset was validated in 2019
through an independent field audit and was found to contain
accurate data (30). The categories fast-food, grillroom/kebab
and take-away/delivery of the Locatus retailer classification have
previously been used to identify fast-food outlets (47).

The results of this study should be interpreted in light of its
limitations. The findings concerning the associations between the
food environment and overweight prevalence should be treated
with caution. Firstly, the analyses could not be controlled for
individual-level factors as these data were not available. Secondly,
we do not have information about children not attending the
surveys where height and weight were measured. However, as
routine preventive youth healthcare visits have a coverage of
80%, missing data is mostly due to lack of parental consent,
moving to another area or sick leave. Therefore, we expect
that this missingness had no major impact on our results.
Thirdly, we used FFD around schools and schools’ disadvantage
scores as a proxy for neighbourhood disadvantage, which are
highly localised measures, whereas overweight prevalence was
available at the (less precise) sub-district level. Future researchers
could calculate children’s Body Mass Index (anthropometrically)
and conduct multivariable regressions with indicators of
the neighbourhood food environment and individual control
variables, like age, gender, physical activity and socioeconomic
status (48). As exposure to fast-food outlets is expected to
increase overweight/obesity prevalence by promoting fast-food
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purchasing and consumption, purchasing behaviour and dietary
intake (specifically of fast-food) are key intermediaries that
should be measured to understand the mechanisms through
which the neighbourhood food environment influences weight
and potential effect modification. This study is limited to
measuring availability and accessibility of fast-food outlets, but
future studies could take into account their affordability and
acceptability and properties of the food products on offer as
well, as these aspects are also important for food purchase and
consumption behaviour (9, 49). One approach would be to
qualitatively study and map experiences of the food environment
of parents and primary school children as well as secondary
school pupils.

Other potential limitations of this study concern the choice
of indicators. Firstly, the primary school food environment is
conceptualised as the neighbourhood food environment where
school children spend most of their time. In previous research
both Euclidean and network distances have been used to capture
the food environment (50). These measures are highly correlated,
but the area within a certain radius measured as the crow flies is
larger than the area within the same radius measured on the road
(50). This was not considered a problem as Dutch children are
likely to bike, allowing them to cover larger distances more easily
than children in study settings where walking rather than biking
is the norm. To confirm that FFD400 and FFD1000 are appropriate
indicators, interactive mapping can be used (51).

Furthermore, as the inconsistencies in the results regarding
take-away restaurants allude to, there is no consensus about
how fast-food should be defined, if/how food sources can
be classified as healthy or unhealthy and how to measure
the food environment. This study assumes that fast-food,
available at fast-food restaurants, grillrooms and kebab shops
and take-away restaurants, is unhealthy and contributes to the
development of overweight. However, this is not necessarily
so, particularly for take-away restaurants. Further, researchers
use different indicators of food availability and accessibility
(9, 12). This study uses both density and proximity to
give a comprehensive impression of the food environment,
complemented by visualisations. Relative FFD rather than
absolute FFD was used. Relative FFD takes into account that
high availability of unhealthy foods may be proportional to
overall food availability and, thus, high in densely populated areas
where the demand is high. However, the potential influences
of exposure to fast-food outlets may remain even if other food
providers are nearby (although they could be counterbalanced
by healthier alternatives), while the association with overweight
prevalence may not be visible when measuring relative FFD.

Finally, on the one hand, the use of schools’ educational
disadvantage score as a proxy for neighbourhood disadvantage
is a strength as it matches the spatial dimensions of FFD400,
FFD1000 and FFP as measures of the school food environment.
On the other hand, educational disadvantage is not exactly the
same as disadvantage. Nonetheless, compared with the sub-
district-level Disadvantage Index, all schools in disadvantaged
sub-districts have an educational disadvantage score above
0, although there are also schools with scores above 0
in non-disadvantaged sub-districts. The average educational

disadvantage score among schools in disadvantaged sub-districts
is higher than in non-disadvantaged sub-districts.

This study shows that many primary schools, especially those
in disadvantaged neighbourhoods, are situated in an unhealthy
food environment and it suggests that this is associated with
childhood overweight prevalence. These findings imply that
change is needed, which raises the question of who should
address the problem. For the community food sub-environment,
as defined in themodel byGlanz et al., this is likelymunicipalities,
whereas the consumer and information environments may be
better addressed on a national level (41).

The community food environment is a local issue, but it seems
unlikely that local inhabitants and/or local institutions, including
schools, will actively try to influence their food environment.
Laws or policies they could appeal to are also lacking, as explained
below (52). Apart from resistance to extremely easily accessible
hot snacks at “snack-walls” in supermarkets near schools, the
school food environment has not received much attention in the
Netherlands. Secondary schools make an effort tomake their own
cafeterias healthier and teach about healthy eating, but do not
push for a healthy food environment around their premises (53).

Therefore, action by municipalities is desirable to change
the community food environment. In other countries, local
authorities have used zoning laws. Zoning laws can influence
the physical neighbourhood environment by incentivising or
restricting land use by certain types of food outlets (49, 54,
55). Examples include prohibiting the opening of new fast-food
restaurants within 400m from schools and limiting the number
of consecutive take-away restaurants or the proportion of retail
area they occupy (55–57). Such measures also be tailored to
specific disadvantaged areas, as the within-city variation and
the association with neighbourhood disadvantage found by this
study suggest is necessary.

Although attention to the food environment is growing,
zoning has not been used in the Netherlands. Municipal
authorities lack the legal means to ban unhealthy food outlets
from parts of their municipality based on the potential
detrimental health effects of consuming food sold there (52).
Such regulation is hindered by the segregation of policy areas,
as health is not a sufficiently strong consideration in policy fields
like area development and the (living) environment. Even under
the revised Environment and Planning Act (Omgevingswet),
effective as of 2022, health still is only considered if a specific
aspect of the physical living environment directly harms the
health of the people in the surrounding area (58). To allow
municipalities to ban fast-food outlets from specific areas, the
Act should be amended to encompass a wider definition of a
safe and healthy living environment (52). It should, however, be
noted that the impact of zoning on overweight/obesity remains
questionable (55, 57). Any such policy implementation should be
carefully evaluated.

Alternative ways to improve the neighbourhood food
environment are by regulating what consumers encounter inside
stores (i.e., the consumer environment) and food marketing (i.e.,
the information environment) on a national level. A recent expert
evaluation of the implementation of the Dutch government’s
policy regarding the food environment concludes that the current
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body of policy is weak (59). The expert panel advises the Dutch
government to impose regulations regarding the nutritional
composition and pricing of food items and to prohibit marketing
targeted at children of products not in the national nutrition
guidelines (59).

CONCLUSION

This study shows that there is reason for concern regarding
the food environment that school-aged children live in.
In the Dutch city The Hague, the density of fast-food
restaurants, grillrooms and kebab shops around primary
schools was disproportionally high and the distance from
primary schools to such fast-food outlets was disproportionally
small in disadvantaged neighbourhoods. The findings also
suggested that an unhealthy food environment may be
associated with increased overweight prevalence among children.
Future research should investigate individual weight status
and other individual-level variables to control for potential
confounders, possibly in longitudinal studies. Furthermore, more
research into the potential interaction between disadvantage
and the food environment in their effect on overweight
prevalence is warranted. A positive finding would reinforce
the need to intervene in the food environment to reduce
childhood overweight particularly in disadvantaged areas.
This study supports national and especially local policies to
improve the food environment and suggests that disadvantaged

neighbourhoods should be specifically targeted for interventions
aimed at improving the food environment.

DATA AVAILABILITY STATEMENT

Publicly available datasets were analysed in this study. This
data can be found here: Locatus: https://locatus.com - DUO
(school addresses): https://www.duo.nl/open_onderwijsdata/
databestanden/po/adressen/index.jsp - GGD Haaglanden
(overweight prevalence): https://www.ggdhaaglanden.nl/
over/publicaties-en-onderzoeken/epidemiologisch-bulletin/
epidemiologisch-bulletin-2016.htm - OpenStreetMap: https://
www.openstreetmap.org/.

AUTHOR CONTRIBUTIONS

BS drafted the manuscript, conducted the analyses, and created
the visual materials. All authors were involved in developing
the research question and drafting the statistical analysis plan,
with most input from JK-dJ. All authors have read, edited, and
approved the final manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2022.838355/full#supplementary-material

REFERENCES

1. Grant-Guimaraes J, Feinstein R, Laber E, Kosoy J. Childhood

Overweight and Obesity. Gastroenterol Clin North Am. (2016)

45:715–28. doi: 10.1016/j.gtc.2016.07.007

2. Gezondheidsenquête/Leefstijlmonitor CBS. Volksgezondheidenzorg.Info.

(2019) Available online at: https://www.volksgezondheidenzorg.info/

onderwerp/overgewicht/cijfers-context/huidige-situatie#node-overgewicht-

kinderen

3. Miller AL, Lee HJ, Lumeng JC. Obesity-associated biomarkers and executive

function in children. Pediatr Res. (2015) 77:143–7. doi: 10.1038/pr.2014.158

4. Pizzi MA, Vroman K. Childhood obesity: effects on children’s

participation, mental health, and psychosocial development. Occup

Ther Health Care. (2013) 27:99–112. doi: 10.3109/07380577.2013.78

4839

5. Timmermans J, Dijkstra C, Kamphuis C, Huitink M, Van der Zee E,

Poelman M. “Obesogenic” school food environments? an urban case

study in the Netherlands. Int J Environ Res Public Health. (2018)

15:619. doi: 10.3390/ijerph15040619

6. Swinburn B, Egger G, Raza F. Dissecting obesogenic environments:

the development and application of a framework for identifying and

prioritizing environmental interventions for obesity. Prev Med. (1999)

29:563–70. doi: 10.1006/pmed.1999.0585

7. Black C, Moon G, Baird J. Dietary inequalities: What is the

evidence for the effect of the neighbourhood food environment?

Health Place. (2014) 27:229–42. doi: 10.1016/j.healthplace.2013.

09.015

8. Cobb LK, Appel LJ, Franco M, Jones-Smith JC, Nur A, Anderson CAM.

The relationship of the local food environment with obesity: a systematic

review of methods, study quality, and results. Obesity. (2015) 23:1331–

44. doi: 10.1002/oby.21118

9. Caspi CE, Sorensen G, Subramanian SV, Kawachi I. The local food

environment and diet: a systematic review. Health Place. (2012) 18:1172–

87. doi: 10.1016/j.healthplace.2012.05.006

10. Williams J, Scarborough P, Matthews A, Cowburn G, Foster C, Roberts N,

et al. A systematic review of the influence of the retail food environment

around schools on obesity-related outcomes. Obes Rev. (2014) 15:359–

74. doi: 10.1111/obr.12142

11. Haaglanden GGD.Haagse Aanpak Gezond Gewicht - White Paper. The Hague:

GGD Haaglanden (2017).

12. Charreire H, Casey R, Salze P, Simon C, Chaix B, Banos A, et

al. Measuring the food environment using geographical information

systems: a methodological review. Public Health Nutr. (2010) 13:1773–

85. doi: 10.1017/S1368980010000753

13. Jia P, Xue H, Cheng X, Wang Y. Effects of school neighborhood

food environments on childhood obesity at multiple scales: a

longitudinal kindergarten cohort study in the USA. BMC Med. (2019)

17:99. doi: 10.1186/s12916-019-1329-2

14. He M, Tucker P, Gilliland J, Irwin JD, Larsen K, Hess P. The influence

of local food environments on adolescents’ food purchasing behaviors.

Int J Environ Res Public Health. (2012) 9:1458–71. doi: 10.3390/ijerph90

41458

15. Shareck M, Lewis D, Smith NR, Clary C, Cummins S. Associations

between home and school neighbourhood food environments and

adolescents’ fast-food and sugar-sweetened beverage intakes: findings

from the olympic regeneration in east London (ORiEL) study.

Public Health Nutr. (2018) 21:2842–51. doi: 10.1017/S13689800180

01477

16. van Meer F, van der Laan LN, Charbonnier L, Viergever MA, Adan RA,

Smeets PA. Developmental differences in the brain response to unhealthy

food cues: an fMRI study of children and adults. Am J Clin Nutr. (2016)

104:1515–22. doi: 10.3945/ajcn.116.137240

Frontiers in Public Health | www.frontiersin.org 12 April 2022 | Volume 10 | Article 838355

https://locatus.com
https://www.duo.nl/open_onderwijsdata/databestanden/po/adressen/index.jsp
https://www.duo.nl/open_onderwijsdata/databestanden/po/adressen/index.jsp
https://www.ggdhaaglanden.nl/over/publicaties-en-onderzoeken/epidemiologisch-bulletin/epidemiologisch-bulletin-2016.htm
https://www.ggdhaaglanden.nl/over/publicaties-en-onderzoeken/epidemiologisch-bulletin/epidemiologisch-bulletin-2016.htm
https://www.ggdhaaglanden.nl/over/publicaties-en-onderzoeken/epidemiologisch-bulletin/epidemiologisch-bulletin-2016.htm
https://www.openstreetmap.org/
https://www.openstreetmap.org/
https://www.frontiersin.org/articles/10.3389/fpubh.2022.838355/full#supplementary-material
https://doi.org/10.1016/j.gtc.2016.07.007
https://www.volksgezondheidenzorg.info/onderwerp/overgewicht/cijfers-context/huidige-situatie#node-overgewicht-kinderen
https://www.volksgezondheidenzorg.info/onderwerp/overgewicht/cijfers-context/huidige-situatie#node-overgewicht-kinderen
https://www.volksgezondheidenzorg.info/onderwerp/overgewicht/cijfers-context/huidige-situatie#node-overgewicht-kinderen
https://doi.org/10.1038/pr.2014.158
https://doi.org/10.3109/07380577.2013.784839
https://doi.org/10.3390/ijerph15040619
https://doi.org/10.1006/pmed.1999.0585
https://doi.org/10.1016/j.healthplace.2013.09.015
https://doi.org/10.1002/oby.21118
https://doi.org/10.1016/j.healthplace.2012.05.006
https://doi.org/10.1111/obr.12142
https://doi.org/10.1017/S1368980010000753
https://doi.org/10.1186/s12916-019-1329-2
https://doi.org/10.3390/ijerph9041458
https://doi.org/10.1017/S1368980018001477
https://doi.org/10.3945/ajcn.116.137240
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Smagge et al. School Food Environment and Overweight

17. Day PL, Pearce J. Obesity-promoting food environments and the spatial

clustering of food outlets around schools. Am J Prev Med. (2011) 40:113–

21. doi: 10.1016/j.amepre.2010.10.018

18. Thornton LE, Lamb KE, Ball K. Fast food restaurant locations

according to socioeconomic disadvantage, urban-regional locality,

and schools within Victoria, Australia. SSM-Popul Health. (2016)

2:1–9. doi: 10.1016/j.ssmph.2015.12.001

19. Slob GJ. Voedselaanbod rondom scholen. Woerden: Locatus BV.

(2019). Available online at: https://wiki.jogg.nl/userfiles/Onderzoek

%20Voedingsaanbod%20rondom%20scholen.pdf (accessed Dec 19, 2019).

20. Mackenbach JD, Nelissen KGM,Dijkstra CS, PoelmanMP, Daams JG, Leijssen

JB, et al. A systematic review on socioeconomic differences in the association

between the food environment and dietary behaviors. Nutrients. (2019)

11:2215. doi: 10.3390/nu11092215

21. Den Haag in Cijfers. (2020). Available online at: https://denhaag.incijfers.nl/

jive?cat_open_code=c923&lang=nl (accessed Nov 26, 2020).

22. Gemeente Den Haag. Rapport Achterstandsscores. (2019). Available

online at: https://denhaag.incijfers.nl/Jive/ViewerReportContents.ashx?

filename=denhaag.incijfers.nl_denhaag%5Crep_achterstand_score_

0319ed6a04077318acb6b6186bc453b5_2057%5Crep_achterstand_score_

0319ed6a04077318acb6b6186bc453b5.htm&reportcode=achterstand_score&

rnd=1608017134416 (accessed Dec 15, 2020).

23. KeetmanM, Van der Meer I, DeWilde J. Percentage overgewicht haagse jeugd

2007–2015. Epidemiol Bull. (2016) 4:7–17.

24. Cole TJ, Lobstein T. Extended international (IOTF) body mass index cut-

offs for thinness, overweight and obesity. Pediatr Obes. (2012) 7:284–

94. doi: 10.1111/j.2047-6310.2012.00064.x

25. QGIS Development Team. QGIS Geographic Information System. QGIS

Association. (2020).

26. OpenStreetMap contributors. OpenStreetMap. (2020). Available online at:

https://www.openstreetmap.org/ (accessed Sep 28, 2020).

27. Locatus. Retail Facts. Woerden: Locatus. (2019). Available online at: https://

locatus.com (accessed Sep 12, 2020).

28. DUO. Scholen En Adressen in Het Primair Onderwijs. (2020). Available

from: https://www.duo.nl/open_onderwijsdata/databestanden/po/adressen/

index.jsp (accessed Sep 30, 2020).

29. Matheson BE, Douglas JM. Overweight and obesity in children with

autism spectrum disorder (ASD): a critical review investigating the etiology,

development, and maintenance of this relationship. Rev J Autism Dev Disord.

(2017) 4:142–56. doi: 10.1007/s40489-017-0103-7

30. Canalia C, Pinho MGM, Lakerveld J, Mackenbach JD. Field validation of

commercially available food retailer data in the Netherlands. Int J Environ Res

Public Health. (2020) 17:1946. doi: 10.3390/ijerph17061946

31. He M, Tucker P, Irwin JD, Gilliland J, Larsen K, Hess P. Obesogenic

neighbourhoods: the impact of neighbourhood restaurants and

convenience stores on adolescents’ food consumption behaviours.

Public Health Nutr. (2012) 15:2331–9. doi: 10.1017/S13689800120

00584

32. Posthumus H, Scholtus S, Walhout J. De Nieuwe

Onderwijsachterstandenindicator Primair Onderwijs: Samenvattend Rapport.

The Hague: Centraal Bureau voor de Statistiek. (2019).

33. van Vuuren CL, Reijneveld SA, van der Wal MF, Verhoeff

AP. Neighborhood socioeconomic deprivation characteristics in

child (0–18 years) health studies: a review. Health Place. (2014)

29:34–42. doi: 10.1016/j.healthplace.2014.05.010

34. R Core Team. A Language and Environment for Statistical Computing.

Foundation for Statistical Computing, Vienna, Austria. Available online at:

https://www.R-project.org/ (accessed September 20, 2020).

35. Kuyvenhoven J, Boterman WR. Neighbourhood and school

effects on educational inequalities in the transition from primary

to secondary education in Amsterdam. Urban Stud. (2021)

58:2660–82. doi: 10.1177/0042098020959011

36. Somashekhar M. Ethnic economies in the age of retail chains:

comparing the presence of chain-affiliated and independently owned

ethnic restaurants in ethnic neighbourhoods. J Ethn Migr Stud. (2019)

45:2407–29. doi: 10.1080/1369183X.2018.1458606

37. Snel E, Custers G, Engbersen G. Ongelijkheid in de participatiestad. Mens En

Maatsch. (2018) 93:31–57. doi: 10.5117/MEM2018.1.SNEL

38. Banta JE, Segovia-Siapco G, Crocker CB, Montoya D, Alhusseini

N. Mental health status and dietary intake among California

adults: a population-based survey. Int J Food Sci Nutr. (2019)

70:759–70. doi: 10.1080/09637486.2019.1570085

39. Inglis V, Ball K, Crawford D. Why do women of low socioeconomic

status have poorer dietary behaviours than women of higher

socioeconomic status? a qualitative exploration. Appetite. (2005)

45:334–43. doi: 10.1016/j.appet.2005.05.003

40. Gemeente Den Haag. Scholenwijzer Den Haag.(2022). Available online at:

https://scholenwijzer.denhaag.nl/categorie/po/map (accessed Feb 27, 2022)

41. Glanz K, Sallis JF, Saelens BE, Frank LD. Healthy nutrition

environments: concepts and measures. Am J Health Promot. (2005)

19:330–3. doi: 10.4278/0890-1171-19.5.330

42. Houldcroft L, Haycraft E, Farrow C. Peer and friend influences on children’s

eating. Soc Dev. (2014) 23:19–40. doi: 10.1111/sode.12036

43. Khan T, Powell LM, Wada R. Fast food consumption and food prices:

evidence from panel data on 5th and 8th grade children. J Obes. (2012)

2012:857697. doi: 10.1155/2012/857697

44. Thompson C, Cummins S, Brown T, Kyle R. Understanding interactions

with the food environment: an exploration of supermarket food

shopping routines in deprived neighbourhoods. Health Place. (2013)

19:116–23. doi: 10.1016/j.healthplace.2012.10.003

45. Ball K. Traversingmyths andmountains: addressing socioeconomic inequities

in the promotion of nutrition and physical activity behaviours. Int J Behav

Nutr Phys Act. (2015) 12:142. doi: 10.1186/s12966-015-0303-4

46. Schilbach F, Schofield H, Mullainathan S. The psychological lives of the poor.

Am Econ Rev. (2016) 106:435–40. doi: 10.1257/aer.p20161101

47. Mackenbach JD, Lakerveld J, Generaal E, Gibson-Smith D, Penninx

BWJH, Beulens JWJ. Local fast-food environment, diet and blood

pressure: the moderating role of mastery. Eur J Nutr. (2019) 58:3129–

34. doi: 10.1007/s00394-018-1857-0

48. Laska MN, Hearst MO, Forsyth A, Pasch KE, Lytle L. Neighbourhood

food environments: are they associated with adolescent dietary intake,

food purchases and weight status? Public Health Nutr. (2010) 13:1757–

63. doi: 10.1017/S1368980010001564

49. High Level Panel of Experts. Nutrition and food systems: A report by the High

Level Panel of Experts on Food Security and Nutrition of the Committee on

World Food Security. Rome: Committee on World Food Security (2017).

50. Burgoine T, Alvanides S, Lake AA. Creating “obesogenic realities”; do

our methodological choices make a difference when measuring the food

environment? Int J Health Geogr. (2013) 12:33. doi: 10.1186/1476-072X-12-33

51. Gustafson A, Christian JW, Lewis S, Moore K, Jilcott S. Food venue choice,

consumer food environment, but not food venue availability within daily

travel patterns are associated with dietary intake among adults, Lexington

Kentucky 2011. Nutr J. (2013) 12:17. doi: 10.1186/1475-2891-12-17

52. van Kolfschooten H, Neerhof R, Nijboer A, de Ruijter A, Visser M. Juridisch

InstrumentariumVoor Een Gezonde Voedselomgeving in De Stad. Amsterdam:

University of Amsterdam. (2020).

53. Poelman M, De. Stad als Verleidelijke Voedselomgeving. Agora. (2016) 3:10–

3. doi: 10.21825/agora.v32i3.4755

54. Chen SE, Florax RJGM. Zoning for health: the obesity epidemic

and opportunities for local policy intervention. J Nutr. (2010)

140:1181S−4S. doi: 10.3945/jn.109.111336

55. Keeble M, Burgoine T, White M, Summerbell C, Cummins S, Adams J. How

does local government use the planning system to regulate hot food takeaway

outlets? a census of current practice in England using document review.

Health Place. (2019) 57:171–8. doi: 10.1016/j.healthplace.2019.03.010

56. Dewey C. Why One Major City will No Longer Let Fast-Food Outlets

Open Near Schools. Washington Post. (2017). Available online at:

https://www.washingtonpost.com/news/wonk/wp/2017/12/01/why-one-

major-city-will-no-longer-let-fast-food-outlets-open-near-schools/ (accessed

Oct 12, 2020).

57. Sturm R, Hattori A. Diet and obesity in Los Angeles county 2007–2012: is

there a measurable effect of the 2008 “fast-food ban”? Soc Sci Med. (2015)

133:205–11. doi: 10.1016/j.socscimed.2015.03.004

58. RIVM. Omgevingswet. Available online at: https://www.loketgezondleven.

nl/gezondheidsthema/gezonde-leefomgeving/stappenplan-gezondheid-en-

omgevingswet/omgevingswet (accessed Jan 18, 2021).

Frontiers in Public Health | www.frontiersin.org 13 April 2022 | Volume 10 | Article 838355

https://doi.org/10.1016/j.amepre.2010.10.018
https://doi.org/10.1016/j.ssmph.2015.12.001
https://wiki.jogg.nl/userfiles/Onderzoek%20Voedingsaanbod%20rondom%20scholen.pdf
https://wiki.jogg.nl/userfiles/Onderzoek%20Voedingsaanbod%20rondom%20scholen.pdf
https://doi.org/10.3390/nu11092215
https://denhaag.incijfers.nl/jive?cat_open_code=c923&lang=nl
https://denhaag.incijfers.nl/jive?cat_open_code=c923&lang=nl
https://denhaag.incijfers.nl/Jive/ViewerReportContents.ashx?filename=denhaag.incijfers.nl_denhaag%5Crep_achterstand_score_0319ed6a04077318acb6b6186bc453b5_2057%5Crep_achterstand_score_0319ed6a04077318acb6b6186bc453b5.htm&reportcode=achterstand_score&rnd=1608017134416
https://denhaag.incijfers.nl/Jive/ViewerReportContents.ashx?filename=denhaag.incijfers.nl_denhaag%5Crep_achterstand_score_0319ed6a04077318acb6b6186bc453b5_2057%5Crep_achterstand_score_0319ed6a04077318acb6b6186bc453b5.htm&reportcode=achterstand_score&rnd=1608017134416
https://denhaag.incijfers.nl/Jive/ViewerReportContents.ashx?filename=denhaag.incijfers.nl_denhaag%5Crep_achterstand_score_0319ed6a04077318acb6b6186bc453b5_2057%5Crep_achterstand_score_0319ed6a04077318acb6b6186bc453b5.htm&reportcode=achterstand_score&rnd=1608017134416
https://denhaag.incijfers.nl/Jive/ViewerReportContents.ashx?filename=denhaag.incijfers.nl_denhaag%5Crep_achterstand_score_0319ed6a04077318acb6b6186bc453b5_2057%5Crep_achterstand_score_0319ed6a04077318acb6b6186bc453b5.htm&reportcode=achterstand_score&rnd=1608017134416
https://denhaag.incijfers.nl/Jive/ViewerReportContents.ashx?filename=denhaag.incijfers.nl_denhaag%5Crep_achterstand_score_0319ed6a04077318acb6b6186bc453b5_2057%5Crep_achterstand_score_0319ed6a04077318acb6b6186bc453b5.htm&reportcode=achterstand_score&rnd=1608017134416
https://doi.org/10.1111/j.2047-6310.2012.00064.x
https://www.openstreetmap.org/
https://locatus.com
https://locatus.com
https://www.duo.nl/open_onderwijsdata/databestanden/po/adressen/index.jsp
https://www.duo.nl/open_onderwijsdata/databestanden/po/adressen/index.jsp
https://doi.org/10.1007/s40489-017-0103-7
https://doi.org/10.3390/ijerph17061946
https://doi.org/10.1017/S1368980012000584
https://doi.org/10.1016/j.healthplace.2014.05.010
https://www.R-project.org/
https://doi.org/10.1177/0042098020959011
https://doi.org/10.1080/1369183X.2018.1458606
https://doi.org/10.5117/MEM2018.1.SNEL
https://doi.org/10.1080/09637486.2019.1570085
https://doi.org/10.1016/j.appet.2005.05.003
https://scholenwijzer.denhaag.nl/categorie/po/map
https://doi.org/10.4278/0890-1171-19.5.330
https://doi.org/10.1111/sode.12036
https://doi.org/10.1155/2012/857697
https://doi.org/10.1016/j.healthplace.2012.10.003
https://doi.org/10.1186/s12966-015-0303-4
https://doi.org/10.1257/aer.p20161101
https://doi.org/10.1007/s00394-018-1857-0
https://doi.org/10.1017/S1368980010001564
https://doi.org/10.1186/1476-072X-12-33
https://doi.org/10.1186/1475-2891-12-17
https://doi.org/10.21825/agora.v32i3.4755
https://doi.org/10.3945/jn.109.111336
https://doi.org/10.1016/j.healthplace.2019.03.010
https://www.washingtonpost.com/news/wonk/wp/2017/12/01/why-one-major-city-will-no-longer-let-fast-food-outlets-open-near-schools/
https://doi.org/10.1016/j.socscimed.2015.03.004
https://www.loketgezondleven.nl/gezondheidsthema/gezonde-leefomgeving/stappenplan-gezondheid-en-omgevingswet/omgevingswet
https://www.loketgezondleven.nl/gezondheidsthema/gezonde-leefomgeving/stappenplan-gezondheid-en-omgevingswet/omgevingswet
https://www.loketgezondleven.nl/gezondheidsthema/gezonde-leefomgeving/stappenplan-gezondheid-en-omgevingswet/omgevingswet
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Smagge et al. School Food Environment and Overweight

59. Djojosoeparto SK, Kamphuis CBM, Vandevijvere S, Poelman MP. On

Behalf of the JPI-HDHL Policy Evaluation Network. The Healthy Food

Environment Policy Index (Food-EPI): Nederland. An Assessment of

National Governmental Policies Affecting the Food Environment in the

Netherlands and Policy Actions for Creating a Healthy Food Environment.

Utrecht, Utrecht University (2021). Available online at: https://www.

jpi-pen.eu/images/reports/Dutch_Food-EPI_FinalReport_Jan2021.pdf

(accessed 2020 Oct 20).

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Smagge, van der Velde and Kiefte-de Jong. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Public Health | www.frontiersin.org 14 April 2022 | Volume 10 | Article 838355

https://www.jpi-pen.eu/images/reports/Dutch_Food-EPI_FinalReport_Jan2021.pdf
https://www.jpi-pen.eu/images/reports/Dutch_Food-EPI_FinalReport_Jan2021.pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	The Food Environment Around Primary Schools in a Diverse Urban Area in the Netherlands: Linking Fast-Food Density and Proximity to Neighbourhood Disadvantage and Childhood Overweight Prevalence
	Introduction
	Methods
	Study Context
	Mapping the Food Environment Around Primary Schools
	Variables Used for the Statistical Analyses
	Visualisation and Spatial Analysis
	Statistical Analyses


	Results
	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Supplementary Material
	References


