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BACKGROUND: There is limited evidence regarding socioeconomic inequalities of exposure to the food environment and its
contribution to childhood obesity.
METHODS: We used data from 4235 children from the Generation R Study, a large birth-cohort conducted in the city of Rotterdam,
The Netherlands. We included 11,277 person-observations of body mass index (BMI) and 6240 person-observations of DXA-derived
fat mass index (FMI) and fat-free mass index (FFMI) when children were between 4 and 14 years. We applied linear regression
models to evaluate changes in the relative and absolute exposure of fast-food outlets, and the healthiness of the food environment
within 400 m from home by maternal education. Furthermore, we used individual-level ﬁxed-effects models to study changes in the
food environment to changes in BMI, FMI and FFMI.
RESULTS: Children from lower educated mothers were exposed to more fast-food outlets at any time-point between the age of 4
and 14 years. Over a median period of 7.1 years, the absolute (0.6 fast-food outlet (95% CI: 0.4–0.8)) and relative (2.0%-point (95% CI:
0.7–3.4)) amount of fast-food outlets increased more for children from lower as compared to higher educated mothers. The food
environment became more unhealthy over time, but no differences in trends were seen by maternal education level. Changes in
the food environment were not associated with subsequent changes in BMI, FMI and FFMI. For children from lower educated
mothers not exposed to fast-food at ﬁrst, we found some evidence that the introduction of fast-food was associated with small
increases in BMI.
CONCLUSIONS: Our ﬁndings provide evidence of widening inequalities in exposure to fast-food in an already poor food
environment. Access to more fast-food outlets does not seem to have an additional impact on BMI in contemporary contexts with
ubiquitous fast-food outlets.
International Journal of Obesity; https://doi.org/10.1038/s41366-021-00934-y

INTRODUCTION
Childhood obesity is a major public health concern due to its
widespread prevalence and rapid increase in the past decades
[1, 2]. The food environment has also changed considerably,
mainly towards a higher exposure of food outlets in residential
areas [3], and a higher offer of high-energy and ultra-processed
foods [4, 5]. It is likely that food environments have contributed to
rising childhood obesity. However, evidence for a causal inﬂuence
of changing food environments on childhood obesity is limited
[6–9]. Studies have been mainly cross-sectional, and cannot rule
out the effects of residential self-selection based on preferences
and resources related to both the food environment and obesity.

Some studies have offset some of the selection processes by
applying ﬁxed-effects models with repeated measurements taking
into account measured time-varying variables (e.g., income) and
unmeasured time-invariant variables (e.g., neighbourhood preference) [10–14]. We identiﬁed one study in children, and this US
study counterintuitively showed that the increase in fast-food
outlets around home was associated with small reductions in
body mass index (BMI) [10]. This ﬁnding warrants further
exploration in other settings.
Changes in the food environment and their impact on obesity
have been hypothesised to differ between individuals from higher
and lower socioeconomic groups. A systematic review of
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Generation R cohort that had at least two
measures of body composition that could be linked
to the food environment between the age of 4 and
14 years
(n=5418)
Excluded (n=824)a
- Younger siblings of the same mother (n=397)
- Missing data on maternal education level (n=441)
Information available on body composition and the
food environment for two measurement rounds
(n=4594)
Excluded (n=359)
- Children that did not have two observations while
living on one address
Main analysis:
All measurements when living on one address
1234567890();,:

(n=4235)

Fig. 1

Flow diagram. aMore than one reason could apply.

21 studies showed that fast-food access was higher in moredeprived compared to less-deprived areas [15]. Individuals from
lower socioeconomic position (SEP) also spent more time in their
neighbourhood, thereby being more exposed to the food
environment around home [16]. Although this may possibly result
in a differential impact of the food environment on overweight
and obesity across socioeconomic groups, a recent systematic
review of mostly cross-sectional studies could not conﬁrm this
[17]. Longitudinal studies focussing on socioeconomic inequalities
in the food environment and related changes in obesity are
needed.
The Generation R Study is a birth-cohort study in which four
objective measures of BMI and two indices of fat mass obtained
from dual-energy x-ray absorptiometry (DXA) scanners were
available for children between the age of 4 and 14 years. Linkage
with yearly updated food environment measures created the
unique possibility to evaluate whether changes in the food
environment were associated with changes in body composition.
We hypothesised that children with parents of lower SEP lived in
neighbourhoods characterised by a higher number of unhealthy
food outlets, and that over time, this resulted in unfavourable
changes in body composition. First, we evaluated if the exposure to
food environment around the home address differentially evolved
over time for children from lower and higher educated mothers
using up to four repeated measures between the age of 4 and 14
years. Second, we studied if the impact of changes in the food
environment on changes in measures of body composition differed
between children from lower and higher educated mothers.
MATERIALS AND METHODS
Study design
This study used data collected from the Generation R Study, a prospective
birth-cohort study in the city of Rotterdam, in The Netherlands [18]. We
included objectively determined measures of BMI at the age of 4, 6, 10 and
14 years, and DXA-derived measures of fat mass at the age of 6 and 10
years. At each time-point, home addresses were linked with food
environment data of the preceding year. The latter were only available
from 2004 onwards, therefore we did not include outcomes collected in
preceding years.

Study population
Invitations to participate in the Generation R Study were sent out to all
pregnant women who had an expected delivery date between April 2002
and January 2006 and who lived in the study area (Rotterdam, The
Netherlands) at time of delivery [18]. The Medical Ethics Committee of the
Erasmus University Medical Centre in Rotterdam approved the study (MEC
217.595/2002/20). Written informed consent was obtained from parents at
child ages of 4, 6 and 10 years, and from parents and children at the age of
14 years.
In total, 9901 children and their parents participated in the Generation R
Study at baseline. Children with at least two outcome measures that could
be linked to the food environment between the ages of 4 and 14 years
(n = 5418) were included. Younger siblings from the same mother
(n = 397), and children from which information on maternal education
level were missing (n = 441) were excluded. In total, 4594 children were
eligible for the present study. We included observations for the address
where the child lived for the longest period between the age of 4 and 14
years, and children without two consecutive observations on one address
(n = 359) were excluded. The sample for the main analysis included 4235
children with 11,277 person-observations for BMI, and 6240 personobservations for fat mass (Fig. 1).

Food environment

Data on location (X and Y coordinates) and type of food outlet were
obtained from Locatus, a commercial company that collects information
on food retailers in The Netherlands by means of yearly ﬁeld audits. A
validation study using ﬁeld audit data found an overall ‘good’ to ‘excellent’
agreement for both the location and classiﬁcation [19]. X and Y coordinates
of children’s home addresses, and X and Y coordinates of food retailers in
the year preceding the outcome measure, were mapped using a
geographic information system (GIS) (GIS-ArcGIS 10, ESRI, Redlands, CA,
USA). Euclidean buffers of 400 m were used to count the number of food
retailers located around the home, for each time-point in the study. The
400 m distance represents a walking distance of ~5 min. Dutch cities are
characterised by high connectivity that is supportive of active forms of
transportation. Therefore, a distance of 400 m seems an appropriate
distance to assess the food environment in this context.
We considered all fast-food outlets, grillrooms/kebab shops, take away
outlets, and ice cream shops that were classiﬁed by Locatus and available
in the database as ‘fast-food outlets’. The ‘absolute fast-food exposure’
reﬂects the total number of fast-food outlets within the 400 m buffer
around home. Because the dominance of fast-food outlets over other types
of food outlets may drive purchasing behaviour and diet quality [13, 20],
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we also calculated the ‘relative fast-food exposure’ by dividing the total
number of fast-food outlets by the total number of food outlets.
The food environment consists of a variety of outlets that may all
inﬂuence food choices and ultimately obesity. To capture the healthiness
of the food environment, we also calculated a healthiness score of all food
outlets previously developed in a Delphi study [21]. Scores ranged from −5
points (very unhealthy) to +5 points (very healthy). Fast-food was
considered the most unhealthy food outlet (−4.9 points), whereas the
green-grocer was considered the most healthy food outlet (4.8 points). We
calculated the average healthiness score of the food environment within
400 m from home. Addresses without any food outlet were excluded, since
it is uncertain what value to assign to these addresses.

Body composition measures
At the age 4 years, body height and weight measurements were
performed during routine visits at the Child Health Centres. At the age
of 6, 10 and 14 years, children visited the research centre in the Erasmus
Medical Centre for detailed physical examinations. During all examinations,
height and weight were measured without shoes and heavy clothing.
Height was measured to the nearest millimetre by a stadiometer (Holtain
Limited, Dyfeld, UK). Weight was measured to the nearest gram using an
electronic scale (SECA, Almere, The Netherlands). BMI was calculated
[weight (kg)/height (m2)] and age- and sex-speciﬁc standard deviation
scores (SDS) for BMI were obtained from Dutch reference growth charts
(Growth Analyzer 4.0, Dutch Growth Research Foundation) [22].
Body composition was measured at the research centre at the age of 6
and 10 years using a DXA scanner (iDXA, GE-Lunar, 2008, Madison, WI,
USA) using enCORE software version 12.6. Children were placed without
shoes, heavy clothing and metal objects in supine position on the DXA
table. We calculated fat mass index (FMI) [fat mass (kg)/height (m3)] and
fat-free mass index (FFMI) [fat-free mass (kg)/height (m3)] according to
standard procedures [23]. We calculated SDS for FMI and FFMI [(observed
value − mean)/SD] on the basis of the cross-sectional sample distribution
within the Generation R Study population to enable comparisons of effect
estimates for FMI and FFMI.

Maternal education level
We used maternal education level to stratify the analyses by SEP. The
highest education level attained was established by questionnaire at the
child’s age of 6 years, and categorized according to the Dutch Standard
Classiﬁcation of Education into high (university degree), mid-high (higher
vocational training, bachelor’s degree), mid-low (>3 years general
secondary school, intermediate vocational training) and low (no education,
primary school, lower vocational training, intermediate general school or
≤3 years general secondary school)) [24].

Fixed-effects linear regression models with repeated measurements
were used to study within-person changes in the food environment and
the association with within-person changes in body composition
measures. We tested for interactions with maternal education level to
assess whether the association between changes in the food environment
and changes in body composition differed by level of maternal education.
To retain statistical power, maternal education was categorised into lower
(low, mid-low) and higher (mid-high, high) education. We used up to four
measures of BMI, and two measures of FMI and FFMI. This method allowed
to control for measured time-variant variables and for unmeasured timeinvariant variables [27]. All models were speciﬁed using the ﬁrst-difference
model, and evaluated the change between two waves available, which
were not necessarily two consecutive waves. Models were adjusted for the
time between measurements. The speciﬁcation of the model is presented
in the supplement (Appendix 3).
Results were presented as a relative increase by 10%-point in fast-food
outlets, an absolute increase by one fast-food outlet, and per 0.5 point
increase in healthiness score of the food environment (which indicates a
healthier environment). Units were based on the average change for those
with changes in the population between time-points (Supplementary
Table 1).
The aforementioned analyses assume a linear exposure–response
relationship, whereby every unit decrease or increase in the food
environment has a similar effect. However, changes observed for children
without any fast-food outlet available (e.g. from 0 to 2 outlets) may have
stronger effects than similar changes observed at the higher end of the
distribution (e.g. from 5 to 7 outlets). Hence, we also performed analyses
restricted to children without any fast-food outlets during the ﬁrst
measurement round, and explored if the introduction of fast-food outlets
mattered for the subsequent changes in outcomes.
Two sensitivity analyses were conducted. First, we controlled for the
time-varying factor net household income, since having a higher income
may contribute to healthier dietary behaviours [28]. Income was not
collected at age 4 years, thus this analysis was restricted for the age of 6, 10
and 14 years. We excluded children for which net household income was
missing at all time-points (n = 222). Income did not change between timepoints for 77.5% of the children. We imputed income measured at the
nearest time-point assuming that income did not change (12.7%
imputations). Second, we additionally included changes resulting
from residential moves. In this analyses, we included 4594 children with
13,528 person-observations of BMI, and 7856 person-observations on
fat mass.
All analyses were conducted in R version 3.4.1, using the plm package
for the ﬁxed-effects analyses. Clustered sandwich estimators were used to
allow for within-child correlation between error terms. Two-sided P values
<0.05 were considered statistically signiﬁcant. R scripts are available for
researchers upon authors request.

Other sociodemographic variables
Sociodemographic characteristics obtained at baseline and during followup visits by means of questionnaires included age, sex, ethnicity and net
household income. In accordance with Statistics Netherlands [25], a child’s
ethnic background was classiﬁed as native Dutch, other-Western background, and non-Western background based on the country of birth of the
child’s parents. Net household income was asked for at the child’s age of 6,
10 and 14 years, and categorized into low (≤€2000/month), intermediate
(<€2000–€3200/month and <€2000–€3300/month at the age of 14 years)
and high (>€3200/month and >€3300/month at the age of 14 years).

Statistical analyses

Characteristics of the children during the ﬁrst and last measurement when
living on the same address were presented. Number of missing values
were presented in the supplement (Appendix 1). The median follow-up
period was 7.1 years. Yet, large differences were seen across levels of
maternal education, with children from lower educated mothers having
the shortest follow-up time. Therefore, changes in the food environment
over time were standardised, and expressed as the changes over 7.1 years.
Kernel density plots with normal distribution approximation [26] were used
to visualise the within-person changes in the food environment over time.
Histograms suggested that the change over time approximated a normal
distribution (Appendix 2). Linear regression models were used to test the
change in the food environment over 7.1 years by four levels of maternal
education. Associations were expressed as the change in relative
contribution of fast-food outlets, absolute number of fast-food outlets,
and the healthiness of the food environment over 7.1 years.
International Journal of Obesity

RESULTS
At all time-points, children from lower educated mothers were
exposed to more fast-food outlets, for both the relative and
absolute exposure to fast-food outlets. These children were also
exposed to unhealthier food outlets, and had a higher BMI and
FMI than children from higher educated mothers (Table 1). Some
children were exposed to a healthier food environment over time,
but a larger proportion of children were exposed to an unhealthier
food environment (Fig. 2). Further, the relative and absolute
change in exposure to fast-food outlets over 7.1 years increased
more rapidly for children from low as compared to high educated
mothers (2.0%-point (95% CI: 0.7–3.4) and 0.6 fast-food outlet
(95% CI: 0.4–0.8), respectively). The change in healthiness of the
food environment over time did not differ across the four levels of
maternal education.
At their ﬁrst measurement round, 39.7% of the children from
low educated mothers and 20.7% of the children from high
educated mothers were exposed to four or more fast-food outlets
in the direct vicinity of their home. Subsequent changes in fastfood outlets, both in relative and absolute terms, and the
healthiness of the food environment were not associated with
changes in body composition (Table 2). Small increases in FMI SDS
were seen for children from lower educated mothers with a higher
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Table 1.

Characteristics of children from the Generation R Study.
First measurement

Last measurement

Low
(n = 838)

Mid-low
(n = 1315)

Mid-high
(n = 944)

High
(n = 1138)

Low
(n = 838)

Mid-low
(n = 1315)

Mid-high
(n = 944)

High
(n = 1138)

Age, year

6.5 ± 1.9a

6.3 ± 1.8

6.3 ± 1.7

6.3 ± 1.9

12.0 ± 2.3

12.3 ± 2.2

12.5 ± 1.9

12.6 ± 2.0

Girls, n (%)

424 (50.6)

661 (50.3)

460 (48.7)

573 (50.4)

424 (50.6)

661 (50.3)

460 (48.7)

573 (50.4)

Child characteristics

Ethnicity, n (%)
Dutch

315 (37.6)

712 (54.1)

668 (70.8)

872 (76.6)

315 (37.6)

712 (54.1)

668 (70.8)

872 (76.6)

Non-Western

480 (57.3)

504 (38.3)

169 (17.9)

122 (10.7)

480 (57.3)

504 (38.3)

169 (17.9)

122 (10.7)

Other-Western

43 (5.1)

99 (7.5)

106 (11.2)

144 (12.7)

43 (5.1)

99 (7.5)

106 (11.2)

144 (12.7)

Net household income, n (%)
Low

268 (32.0)

241 (18.3)

67 (7.1)

33 (2.9)

265 (31.6)

261 (19.8)

68 (7.2)

34 (3.0)

Intermediate

142 (16.9)

327 (24.9)

190 (20.1)

89 (7.8)

198 (23.6)

324 (24.6)

218 (23.1)

146 (12.8)

High

77 (9.2)

337 (25.6)

461 (48.8)

717 (63.0)

98 (11.7)

457 (34.8)

518 (54.9)

845 (74.3)

b

Measures of body composition
BMI SDS

0.46 ± 1.15

0.24 ± 0.97

0.12 ± 0.87

0.07 ± 0.80

0.71 ± 1.20

0.37 ± 1.15

0.06 ± 1.01

−0.01 ±
0.99

FMI SDS

0.37 ± 1.38

0.03 ± 1.07

−0.20 ± 0.91

−0.35 ±
0.73

0.64 ± 1.75

0.15 ± 1.47

−0.30 ± 1.18

−0.50 ±
0.96

FFMI SDS

0.05 ± 0.87

−0.04 ± 0.82

−0.02 ± 0.80

−0.01 ±
0.76

0.18 ± 0.86

0.00 ± 0.80

−0.07 ± 0.74

−0.11 ±
0.72

Food environment within 400 m around home
Total food outlets, n

16 [3, 41]c

7 [1, 25]

5 [1, 20]

6 [1, 20]

16 [3, 40]

7 [1, 24]

5 [1, 20]

5 [1, 20]

Fast-food outlets, n

2 [0, 7]

1 [0, 4]

1 [0, 3]

1 [0, 3]

3 [1, 7]

1 [0, 5]

1 [0, 4]

1 [0, 3]

Relative fast-food (%)

18 ± 16

16 ± 16

15 ± 16

16 ± 19

21 ± 18

20 ± 18

17 ± 17

19 ± 19

Healthiness score

−0.86 ±
1.15

−0.69 ± 1.17

−0.62 ± 1.15

−0.69 ±
1.27

−0.98 ±
1.20

−0.84 ± 1.24

−0.76 ± 1.20

−0.81 ±
1.20

Number of missing values are presented in the Appendix 1.
a
Values are means ± SD (all such values).
b
FMI and FFMI were only available at age 6 and 10 years.
c
Values are medians [IQR] (all such values).
BMI body mass index, FMI fat-mass index, FFMI fat-free mass index.

relative fast-food exposure over time, and this was not observed
for children from higher educated mothers.
When focussing on children without fast-food around home
during the ﬁrst measurement round, small increases in BMI were
observed for children from lower educated mothers in which
relative and absolute fast-food exposure increased (Table 3).
Primarily increases in FMI were observed, however, conﬁdence
intervals were wide. For children from higher educated mothers
without fast-food outlets at ﬁrst, the introduction of fast-food was
not associated with body composition measures.
Additionally adjusting for the time-varying factor net household
income did not change the ﬁndings (Supplementary Table 2a, b).
None of the associations found in the main analyses were found
when studying changes over time when additionally including
changes resulting from residential moves (Supplementary Table
3a, b).
DISCUSSION
Children from lower educated mothers had more fast-food outlets
as well as an unhealthier food environment around home. These
children were also at higher risk that the food environment
unfavourably changed offering more fast-food and other
unhealthy food outlets. We observed that 39.7% of the children
from low educated mothers were exposed to four or more fastfood outlets, whereas this was 20.7% of the children from higher

educated mothers. Subsequent changes in fast-food outlets or in
the healthiness of the food environment were not associated with
body composition measures. For children from lower educated
mothers without fast-food exposure during the ﬁrst measurement
round, small increases in BMI were seen following the introduction
of fast-food outlets.
Strengths and limitations
A strength of the study was the use of repeated measures of the
food environment and objective measures of body composition
among a large cohort of school-aged children. A 2–4-year
difference between time-points was sufﬁciently large so that a
group of children experienced changes in the food environment
around home, but small enough to be able to attribute the change
in body composition to changes in the food environment. Some of
the bias that may have arisen from residential self-selection was
taken into account by using a ﬁxed-effects approach. Focusing on
children in which the exposure of food outlets around home
changed during follow-up, as opposed to cross-sectional studies
and studies in which children move across neighbourhoods, is
essential for this purpose.
Our study also had some weaknesses. First, we aimed to
approximate causal effects by evaluating changes over time in the
food environment, but time-variant variables that we were unable
to control for may have caused confounding. These could include
factors related to dietary choices (e.g. preference for fast-food),
International Journal of Obesity
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Relative fast food exposure

Low maternal education
0.06

Mid−low maternal education
Mid−high maternal education

0.04
0.00

0.02

Density

High maternal education

−20

−10

0

10

20

Change in relative fast food exposure around home (%) over a 7.1 year period

0.5

Absolute fast food exposure

Low maternal education

0.4

Mid−low maternal education
Mid−high maternal education

0.3
0.0

0.1

0.2

Density

High maternal education

−4

−2

0

2

4

Change in number of fast food outlets around home over a 7.1 year period

0.8

Healthiness of the food environment

Low maternal education
Mid−low maternal education
0.6

Mid−high maternal education

0.4
0.0

0.2

Density

High maternal education

−2

−1

0

1

2

Change in healthiness score of the food environment around home over a 7.1 year period

Fig. 2 Changes in the food environment around home over a 7.1-year period by maternal education level. Presented are Kernel density
plots. The bandwidth was based on Silverman’s rule of thumb, the normal distribution approximation. Bandwidth was set equal for all groups,
using the mean of the normal optimal values for the four different groups by maternal education level.
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Table 2.

Association between changes in the food environment and changes in body composition measures.
Lower maternal education level
Persons

Person-observations

Higher maternal education level
Estimate (95% CI)

Persons

Person-observations

Estimate (95% CI)

Relative fast-food exposure (+10%-point)
BMI (SDS)

2153

5605

0.01 (−0.01; 0.04)

2082

5672

0.01 (−0.01; 0.02)

FMI (SDS)

1561

3122

0.04 (0.00; 0.08)

1559

3118

0.01 (−0.01; 0.04)

FFMI (SDS)

1561

3122

0.00 (−0.02; 0.03)

1559

3118

0.01 (−0.01; 0.03)

Absolute fast-food exposure (+1 outlet)
BMI (SDS)

2153

5605

0.01 (−0.01; 0.02)

2082

5672

0.01 (−0.01; 0.02)

FMI (SDS)

1561

3122

0.02 (−0.00; 0.04)

1559

3118

0.01 (−0.01; 0.04)

FFMI (SDS)

1561

3122

0.01 (−0.01; 0.02)

1559

3118

−0.00 (−0.02; 0.01)

Healthiness score (+0.5 point)
BMI (SDS)

1812

4558

0.00 (−0.02; 0.02)

1657

4363

0.01 (−0.01; 0.02)

FMI (SDS)

1223

2446

−0.01 (−0.03; 0.02)

1170

2340

0.00 (−0.02; 0.02)

FFMI (SDS)

1223

2446

−0.01 (−0.02; 0.01)

1170

2340

−0.00 (−0.02; 0.01)

Estimates were obtained from ﬁxed-effects linear regression using a ﬁrst-difference model speciﬁcation. All analyses were adjusted for the time between
measurements. BMI was collected at age 4, 6, 10 and 14 years, FMI and FFMI at age 6 and 10 years.
Bold values indicate statistical signiﬁcance.
BMI body mass index, FMI fat-mass index, FFMI fat-free mass index.

but also factors inﬂuencing body composition (e.g. ﬁnancial stress)
occurring for children that also experienced changes in the food
environment. Instrumental variable (IV) approaches may further
eliminate bias from unobserved time-varying confounding, and
two studies found that associations between the food environment and diet quality or BMI were stronger in magnitude using IV
models compared to ﬁxed-effects analyses [13, 14]. Identifying a
valid instrument to study built environment changes is challenging, and this was not further explored in the current study.
Second, perceived exposure and access to fast-food outlets may
yield more consistent ﬁndings, but we lacked this information
[6, 8, 29]. Third, we were not able to evaluate changes occurring at
other locations where children and their parents were exposed to
food (e.g. school environment), or changes made to the physical
activity environment (e.g. new playgrounds) that may also affect
body composition. Assessments of the food environment based
on addresses, rather than using administrative boundaries of
neighbourhoods, may have prevented some of the biases
resulting from changes occurring in the neighbourhood. Finally,
the current evaluation lacked insights into the mechanism
through which the food environment affect purchasing behaviours, dietary patterns and subsequently body composition.
The current evidence base deﬁned and observed inequalities in
the fast-food environment in different ways. A review reported
that fast-food locations were more prevalent in low-income
neighbourhoods and neighbourhoods with high concentrations of
ethnic minority groups [15]. Although conceptualised differently,
they point to similar conclusions that exposure to the food
environment is not equally distributed across the population.
Furthermore, we found that the food environment shifted towards
a higher exposure of unhealthy foods, and this unhealthy shift was
more likely to occur for children from lower educated mothers.
Similar patterns were observed in a study conducted in New York
City, US, suggesting that the number of unhealthy food outlets
increased more rapidly in neighbourhoods with a higher initial
number of unhealthy food outlets, and for disadvantaged
neighbourhoods [30].
The counterintuitive ﬁnding of a US study, suggesting that BMI
decreased following the increase in fast-food outlets, was not
found in our study [10]. No changes in body composition were
observed following changes in the food environment in the total
population. A likely explanation is that the introduction of one
additional fast-food outlet or changes in healthiness of food

outlets were too small to have a noticeable effect on obesity
measures for children living in a so-called ‘fast-food paradise’,
given the numerous food outlets around home. Importantly, the
entire population is exposed to small shifts in the food
environment. Even small changes in the distribution may therefore have a large impact on disease risk on the level of the
population. These shifts are also important because they are
thought to contribute to socioeconomic inequalities in health;
shifting the curve by universal prevention strategies is considered
to be an important strategy in reducing the health disparities [31].
Our results gave some indications that fast-food exposure was
associated with small increases in BMI for children of lower
educated mothers that were not exposed to fast-food during the
ﬁrst measurement round, but not for children from higher
educated mothers. DXA scans suggested that especially fat mass
increased following the introduction of fast-food outlets. We are
not aware of any other study looking at changes in fat mass in
relation to the built environment. In sensitivity analyses, no
associations between the food environment and body composition were found when additionally including changes resulting
from residential moves. This could suggest that other factors that
change during residential relocation, such as the impact of
changing schools, may contribute to body composition to a larger
degree.
Other longitudinal studies using a ﬁxed-effects approach
reported that fast-food outlets were associated with higher fastfood intake among young adults from low-income families, but
not among higher-income families [11]. Another study found that
favourable changes in the food environment were related to BMI
reductions in adults with obesity, but not for normal weight or
overweight adults [12]. Furthermore, a review based on primarily
cross-sectional studies reported that a higher fast-food exposure
was associated with obesity for children from lower-income
households or neighbourhoods [9]. These ﬁndings show the
importance to thoroughly examine differential effects of the food
environment on dietary behaviours and body composition
outcomes.
The high and increasing number of fast-food outlets, and the
larger exposure to them of children from lower socioeconomic
groups provide support to policies aimed at ‘shifting the curve’. To
date, strategies to improve dietary habits mainly rely on
nutritional education rather than on structural interventions to
modify the food environment. That changes in BMI were small
International Journal of Obesity
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Table 3.

Associations between changes in the food environment and changes in body composition measures for children without fast-food outlets
around home during the ﬁrst measurement round.
Lower maternal education level
Persons

Person-observations

Higher maternal education level
Estimate (95% CI)

Persons

Person-observations

Estimate (95% CI)
−0.02 (−0.04; 0.00)

Relative fast-food exposure (+10%-point)
BMI (SDS)

705

1879

0.04 (0.00; 0.07)

914

2468

FMI (SDS)

546

1092

0.07 (−0.02; 0.16)

671

1342

0.01 (−0.03; 0.04)

FFMI (SDS)

546

1092

0.03 (−0.02; 0.07)

671

1342

−0.00 (−0.02; 0.02)

Absolute fast-food exposure (+1 outlet)
BMI (SDS)

705

1879

0.06 (−0.00; 0.12)

914

2468

−0.04 (−0.12; 0.03)

FMI (SDS)

546

1092

0.09 (−0.03; 0.20)

671

1342

−0.08 (−0.20; 0.02)

FFMI (SDS)

546

1092

−0.00 (−0.05; 0.05)

671

1342

−0.02 (−0.07; 0.03)

Estimates were obtained from ﬁxed-effects linear regression using a ﬁrst-difference model speciﬁcation. All analyses were adjusted for the time between
measurements. BMI was collected at age 4, 6, 10 and 14 years, FMI and FFMI at age 6 and 10 years.
Bold values indicate statistical signiﬁcance.
BMI body mass index, FMI fat-mass index, FFMI fat-free mass index.

following the introduction of fast-food outlets around home
between a 2- and 4-year period should not limit efforts to do so.
The cumulative effect of the food environment over time and
across various daily activity settings was not explored, but may
steadily impact on children’s body composition. Unravelling causal
mechanisms how fast-food outlets inﬂuences body composition,
for example by having information on fast-food consumption or
dietary patterns, is essential. Furthermore, the wider context in
which food environments change and food choices are made is
important to consider. It has been suggested that more food
outlets could reﬂect general investments made to that area, which
could positively or negatively inﬂuence children’s body composition [30]. More insights are needed to understand these type of
complexities around childhood obesity [32].
In conclusion, this study provided evidence of widening
socioeconomic inequalities in the food environment around
children’s homes growing up in a large urban area in The
Netherlands over a period of 7.1 years. Children from lower
educated mothers were at higher risk that the food environment
shifted more rapidly towards an unhealthy environment. Exposure
to more fast-food outlets does not seem to have an additional
impact on BMI in contemporary contexts with ubiquitous fast-food
outlets. These ﬁndings support the importance of an equity-focus
on the link between the food environment and body composition.
DATA AVAILABILITY
The dataset generated for the present study is not publicly available, as participants’
consent was not obtained for data sharing. R scripts are available upon request from
the authors.

REFERENCES
1. Lobstein T, Baur L, Uauy R. Obesity in children and young people: a crisis in public
health. Obes Rev. 2004;5:4–85.
2. Abarca-Gómez L, Abdeen ZA, Hamid ZA, Abu-Rmeileh NM, Acosta-Cazares B,
Acuin C, et al. Worldwide trends in body-mass index, underweight, overweight,
and obesity from 1975 to 2016: a pooled analysis of 2416 population-based
measurement studies in 128.9 million children, adolescents, and adults. Lancet.
2017;390:2627–42.
3. Pinho MGM, Mackenbach JD, den Braver NR, Beulens JJW, Brug J, Lakerveld J.
Recent changes in the Dutch foodscape: socioeconomic and urban-rural differences. Int J Behav Nutr Phys Act. 2020;17:43.
4. Monteiro CA, Moubarac JC, Cannon G, Ng SW, Popkin B. Ultra-processed products
are becoming dominant in the global food system. Obes Rev. 2013;14:21–28.
5. Swinburn BA, Sacks G, Hall KD, McPherson K, Finegood DT, Moodie ML, et al. The
global obesity pandemic: shaped by global drivers and local environments.
Lancet. 2011;378:804–14.

International Journal of Obesity

6. Caspi CE, Sorensen G, Subramanian SV, Kawachi I. The local food environment
and diet: a systematic review. Health Place. 2012;18:1172–87.
7. Osei-Assibey G, Dick S, Macdiarmid J, Semple S, Reilly JJ, Ellaway A, et al. The
inﬂuence of the food environment on overweight and obesity in young children:
a systematic review. BMJ Open. 2012;2:e001538.
8. Engler-Stringer R, Le H, Gerrard A, Muhajarine N. The community and consumer
food environment and children’s diet: a systematic review. BMC Public Health.
2014;14:522.
9. 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.
10. Sandy R, Liu G, Ottensmann J, Tchernis R, Wilson J, Ford OT. Studying the child
obesity epidemic with natural experiments. National Bureau of Economic
Research, 2009.
11. Boone-Heinonen J, Gordon-Larsen P, Kiefe CI, Shikany JM, Lewis CE, Popkin BM.
Fast food restaurants and food stores: longitudinal associations with diet in
young to middle-aged adults: the CARDIA study. Arch Intern Med.
2011;171:1162–70.
12. Barrientos-Gutierrez T, Moore KAB, Auchincloss AH, Mujahid MS, August C, Sanchez BN, et al. Neighborhood physical environment and changes in body mass
index: results from the multi-ethnic study of atherosclerosis. Am J Epidemiol.
2017;186:1237–45.
13. Rummo PE, Guilkey DK, Ng SW, Meyer KA, Popkin BM, Reis JP, et al. Understanding bias in relationships between the food environment and diet quality:
the Coronary Artery Risk Development in Young Adults (CARDIA) study. J Epidemiol Community Health. 2017;71:1185–90.
14. Rummo PE, Guilkey DK, Ng SW, Meyer KA, Popkin BM, Reis JP, et al. Does
unmeasured confounding inﬂuence associations between the retail food environment and body mass index over time? The Coronary Artery Risk Development
in Young Adults (CARDIA) study. Int J Epidemiol. 2017;46:1456–64.
15. Fleischhacker SE, Evenson KR, Rodriguez DA, Ammerman AS. A systematic review
of fast food access studies. Obes Rev. 2011;12:e460–71.
16. Chum A, Farrell E, Vaivada T, Labetski A, Bohnert A, Selvaratnam I, et al. The effect
of food environments on fruit and vegetable intake as modiﬁed by time spent at
home: a cross-sectional study. BMJ Open. 2015;5:e006200.
17. Mackenbach JD, Nelissen KGM, Dijkstra SC, Poelman MP, 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.
18. Kooijman MN, Kruithof CJ, van Duijn CM, Duijts L, Franco OH, van Ijzendoorn MH,
et al. The Generation R Study: design and cohort update 2017. Eur J Epidemiol.
2016;31:1243–64.
19. 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.
20. Clary CM, Ramos Y, Shareck M, Kestens Y. Should we use absolute or relative
measures when assessing foodscape exposure in relation to fruit and vegetable
intake? Evidence from a wide-scale Canadian study. Prev Med. 2015;71:83–87.
21. 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.

F.J.M. Mölenberg et al.

8
22. Fredriks AM, van Buuren S, Wit JM, Verloove-Vanhorick SP. Body index measurements in 1996-7 compared with 1980. Arch Dis Child. 2000;82:107–12.
23. Wells JCK, Cole TJ, team As. Adjustment of fat-free mass and fat mass for height
in children aged 8 y. Int J Obes. 2002;26:947–52.
24. Statistics Netherlands. Standaard Onderwijsindeling 2003. Voorburg/Heerlen,
2004.
25. Statistics Netherlands. Jaarrapport Integratie 2010. Den Haag/Heerlen, 2010.
26. Silverman BW. Density estimation for statistics and data analysis. New York:
Chapman and Hall; 1986.
27. Allison PD. Fixed effects regression models, vol. 160. London: SAGE Publications;
2009.
28. Drewnowski A, Specter SE. Poverty and obesity: the role of energy density and
energy costs. Am J Clin Nutr. 2004;79:6–16.
29. Clary C, Matthews SA, Kestens Y. Between exposure, access and use: reconsidering foodscape inﬂuences on dietary behaviours. Health Place. 2017;44:1–7.
30. Berger N, Kaufman TK, Bader MDM, Rundle AG, Mooney SJ, Neckerman KM, et al.
Disparities in trajectories of changes in the unhealthy food environment in New
York City: a latent class growth analysis, 1990–2010. Social Sci Med.
2019;234:112362.
31. Marteau TM, White M, Rutter H, Petticrew M, Mytton OT, McGowan JG, et al.
Increasing healthy life expectancy equitably in England by 5 years by 2035: could
it be achieved? Lancet. 2019;393:2571–3.
32. Rutter H, Savona N, Glonti K, Bibby J, Cummins S, Finegood DT, et al. The need for
a complex systems model of evidence for public health. Lancet. 2017;390:2602–4.

FUNDING
The Generation R Study was made possible by ﬁnancial support from the Erasmus
Medical Centre, Erasmus University Rotterdam and The Netherlands Organisation for
Health Research and Development, The Netherlands Organisation for Scientiﬁc
Research, the Ministry of Health, Welfare and Sport and the Ministry of Youth and
Families. JDM is funded by an NWO VENI grant on ‘Making the healthy choice easier
—role of the local food environment’ (Grant Number 451-17-032). SS is supported by
the European Union’s Horizon 2020 research and innovation programme under grant
agreement 733206 (LifeCycle Project) and 874583 (ATHLETE Project).

COMPETING INTERESTS
The authors declare no competing interests.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
The study was approved by the Medical Ethics Committee of the Erasmus Medical
Centre, Rotterdam, The Netherlands (MEC 198.782/2001/31). Written informed
consent was obtained from all participants.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41366-021-00934-y.
Correspondence and requests for materials should be addressed to F.J.M.M.

ACKNOWLEDGEMENTS
The Generation R Study is being conducted by the Erasmus Medical Centre in close
collaboration with the School of Law and the Faculty of Social Sciences of the Erasmus
University, Rotterdam; the Municipal Health Service, Rotterdam area; the Rotterdam
Homecare Foundation and the Stichting Trombosedienst and Artsenlaboratorium
Rijnmond, Rotterdam, The Netherlands. We gratefully acknowledge the contribution of
the participating children, their mothers, general practitioners, hospitals, midwives and
pharmacies in Rotterdam.

AUTHOR CONTRIBUTIONS
FJMM conceptualised and designed the study, conducted the literature search,
carried out the analyses, drafted the initial manuscript and reviewed and revised the
manuscript. JDM contributed to the literature search, created the food environment
variables, conceptualised and designed the study and reviewed the manuscript. SS
created the DXA scan variables, and reviewed the manuscript. MPP contributed to
the literature search, conceptualised and designed the study and reviewed the
manuscript. AB and FJvL conceptualised and designed the study and reviewed the
manuscript. All authors read and approved the ﬁnal manuscript.

Reprints and permission information is available at http://www.nature.com/
reprints
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional afﬁliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2021

International Journal of Obesity

