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Abstract

Background: The local retail food environment around schools may act as a potential risk factor for adolescent
diet. However, international research utilising cross-sectional designs to investigate associations between retail food
outlet proximity to schools and diet provides equivocal support for an effect. In this study we employ longitudinal
perspectives in order to answer the following two questions. First, how has the local retail food environment
around secondary schools changed over time and second, is this change associated with change in diet of
students at these schools?

Methods: The locations of retail food outlets and schools in 2001 and 2005 were geo-coded in three London
boroughs. Network analysis in a Geographic Information System (GIS) ascertained the number, minimum and
median distances to food outlets within 400 m and 800 m of the school location. Outcome measures were ‘healthy’
and ‘unhealthy’ diet scores derived from adolescent self-reported data in the Research with East London
Adolescents: Community Health Survey (RELACHS). Adjusted associations between distance from school to food
retail outlets, counts of outlets near schools and diet scores were assessed using longitudinal (2001–2005 n=757)
approaches.

Results: Between 2001 and 2005 the number of takeaways and grocers/convenience stores within 400 m of
schools increased, with many more grocers reported within 800 m of schools in 2005 (p< 0.001). Longitudinal
analyses showed a decrease of the mean healthy (−1.12, se 0.12) and unhealthy (−0.48, se 0.16) diet scores. There
were significant positive relationships between the distances travelled to grocers and healthy diet scores though
effects were very small (0.003, 95%CI 0.001 – 0.006). Significant negative relationships between proximity to
takeaways and unhealthy diet scores also resulted in small parameter estimates.

Conclusions: The results provide some evidence that the local food environment around secondary schools may
influence adolescent diet, though effects were small. Further research on adolescents’ food purchasing habits with
larger samples in varied geographic regions is required to identify robust relationships between proximity and diet,
as small numbers, because of confounding, may dilute effect food environment effects. Data on individual foods
purchased in all shop formats may clarify the frequent, overly simple classification of grocers as ‘healthy’.
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Background
Extensive research is dedicated to exploring the relation-
ship between residents’ diets and retail food environ-
ments around the home. Frequently the aim of these
studies is to assess how choice, cost and quality of food
(and by extension, diet) or distance to a store may differ
in relation to neighbourhood deprivation [1-4], building
on decades of interest in the potential relationship be-
tween retail food availability and diet [5-8]. Often the
analysis involves cross-sectional data about retail food
outlets in a neighbourhood, with distance measured
from a population centre to each store using road net-
works in a Geographic Information System (GIS). In
addition, product surveys in shops can provide insight
on food price, variety and quality to gather more data
about how food choices may be constrained by location
or economic circumstances [1,6,9].
Recent studies linking diet with local setting incorporate

broader definitions of food environments and refined
methodologies to better understand the importance of
geography to dietary choice. Additional environments
where people spend much of their time are considered in-
stead of or alongside residential areas, such as the work-
place for adults and schools in the case of children and
adolescents [10-16]. Research is emerging which focuses
on daily activity space, using global positioning systems
(GPS) to capture an accurate and comprehensive assess-
ment of individuals’ food environments [17]. Due to the
ethical challenges and time-consuming nature of collect-
ing such detailed travel data, at present most researchers
continue to apply GIS methods to assess selected food
environments, focussing on the food choices available in
different areas [4,11,18].
School food environments are an important alternative

environmental exposure for diet outcomes in children
and adolescents. Each school day children will eat at
least one meal at or near school they attend. A recent
School Food Trust report suggested that only 44.1% of
primary students and 37.6% of secondary students pur-
chased (or accessed via the Free School Meal [FSM]
programme) school lunches in England between 2010–
2011 [19]. This statistic suggests that, during the school
day, most students are purchasing food for consumption
elsewhere. This may be from vending machines within
schools, choosing alternative options in school canteens,
or sourcing food during the commute to and from
school [13,20]. As children age and gain autonomy they
are able to exert more independent choice over their
food options in these environments compared to those
within the home.
A small study in the UK further supports the hypoth-

esis that retail food outlets near to schools are an im-
portant source of food for most students. Researchers
assessed dietary habits of students using a 5-day food
frequency questionnaire (FFQ) at one deprived urban
and one affluent suburban secondary school, with results
similar to the School Food Trust survey. The authors
concluded that of the 332 students surveyed (age 13–
15 years, with 16–17 year olds included in the suburban
school), 80% purchased food from outlets they classed as
‘fringe’, located near the schools, 68% brought food from
home and only 59% purchased food at school [21]. The
average number of purchases from fringe shops by urban
students was 11.5 times per week, providing further evi-
dence that shops on the way to and from school can be
a significant source of food. Observations of student
food purchases in the fringe shops (n=587) concluded
that these purchases provided 23% of the student’s daily
energy needs. These results highlight the importance of
local shops in urban deprived areas as a source of food
for adolescent students, who report that prices in local
shops or takeaways are usually lower than in the schools
[21]. A 2005 Sodexho survey of student purchasing pat-
terns found that students spent £1.01 on the way to and
from school each day. Students may compare prices and
choose to purchase food away from school to save
money [22].
When classifying the residential food environment,

often a simple stratification of outlet type is applied. Fast
food outlets and small corner shops/convenience stores
are typically identified as providing ‘unhealthy’ food
options such as chocolate, crisps and sugar-sweetened
drinks. Grocery stores/supermarkets are usually a proxy
for ‘healthy’ food choices, providing a range of fresh pro-
duce [10,14,23-25]. Fresh fruit and vegetables are usually
less expensive with greater quality and variety available
from larger stores while limited shelf space/chiller space
and lower turnover can restrict fresh produce stocked in
smaller shops [1,2]. However, there are challenges with
this classification of food sources. The analysis of pro-
ducts purchased by customers, rather than items avail-
able, can help researchers avoid the dichotomy of
supermarkets as ‘healthy’ food sources and convenience
stores as ‘unhealthy’; this categorisation ignores the wide
range of unhealthy foods available at most if not all
supermarkets. Diet surveys such as FFQs can collect
data on individuals’ diets, particularly fruit and vegetable
consumption, fizzy drinks and fast food. This provides a
more direct measure of food consumed, in contrast to
in-store surveys of food available for purchase
[16,26,27]. Much of the previous research on residential
food environments has implicitly focussed on food pur-
chased for later preparation at home, while non-
residential retail food environments may be more influ-
ential in the purchase of ready to eat foods for groups
such as students on the way to/from school.
Most studies investigating food environments have

been cross-sectional out of necessity; longitudinal studies



Table 1 Descriptive characteristics of RELACHS
participants

2001 younger group (n=1382) N %

Free School Meal eligible Yes 604 43.7

No 597 43.2

missing 181 13.1

Gender Male 691 50

Female 691 50

mean sd

Healthy Diet Score (n=1325) 6.6 2.8

Unhealthy Diet Score (n=1295) 13.7 3.7

mean sd

Age (years, n=1227) 12.2 0.3

Imputed for 2005 (n=757) N %

Free School Meal eligible Yes 376 49.7

No 381 50.3

Gender Male 357 47.2

Female 400 52.8

mean sd

Healthy Diet Score 5.5 4.1

Unhealthy Diet Score 13.2 2.8

mean sd

Age (years) 16.1 0.3

Complete Case for 2005 (n=524) N %

Free School Meal eligible Yes 235 44.8

No 289 55.2

Gender Male 222 42.4

Female 302 57.6

mean sd

Healthy Diet Score 5.4 2.7

Unhealthy Diet Score 12.9 4.2

mean sd

Age (years) 16.1 0.3
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assessing a causal link between food environment and diet
are rare [25,28]. Results published from longitudinal stud-
ies, mainly based in the US, are mixed. One study showed
that lower income men may consume more fast food when
these outlets are located nearer to their homes, there was
no clear indication that proximity to grocery stores affected
fruit and vegetable consumption [25]. A study of young
adults indicated no association between residential fast food
access and consumption, though the authors suggest that
food options near work or school should be evaluated in
addition to areas around the home [28]. Similar to research
on diet and retail environments, few longitudinal studies
have studied the potential relationship between health and
retail food availability [29-31]. A long-term study of the re-
lationship between food environment and body mass index
(BMI) over 30 years followed 3,113 people from 1971–
2001. As with other studies, results did not clearly show a
significant relationship between proximity (measured by
driving distance) to a range of food outlet types and individ-
ual BMI [29].
The benefit of longitudinal analysis is the ability to fol-

low the same individuals over time, tracking the changing
food environment and their health to identify any effect
food environment may have after controlling for individ-
ual characteristics. While cross-sectional data can identify
a potential relationship between the environment and
health at one point in time, the length of exposure to en-
vironment is unknown, preventing researchers from asses-
sing causality between environmental factors and health.
The aim of this paper is to investigate longitudinal rela-

tionships between proximity to and density of retail food
outlets around schools and adolescent reported diet in the
2001 and 2005 waves of the Research with East London
Adolescents: Community Health Survey (RELACHS). We
analysed these data to answer two broad questions: 1) has
there been a change in the prevalence of retail food outlets
around schools at each wave; and 2) are changes in adoles-
cent diet longitudinally related to changes in the local food
environment.

Methods
The RELACHS study is a school-based longitudinal
survey over three time points, administered to adoles-
cents in 2001, 2003 and 2005. Ethical approval for the
study was obtained from the East London and City Local
Research Ethics Committee. All children provided
informed written consent. Parents and guardians had an
opt-out process whereby they only returned a signed
form if they did not want their child to take part, provid-
ing informed consent. The area included in the study
covers three London boroughs: Newham, Hackney and
Tower Hamlets and is characterised by a high level of
material and social deprivation relative to the rest of
England. This paper focuses on data collected in 2001
and 2005 (diet variables were not included in the 2003
survey). The target student population were 11–12 years
old (Year 7) at baseline in 2001.
Table 1 provides an overview of the sample student

population at the beginning of RELACHS and in 2005.
A total of 30 schools participated at baseline [32,33] ran-
domly selected from the London boroughs of Tower
Hamlets, Hackney and Newham. Twenty-nine schools
had a food outlet located within 800 metres of the
school and were eligible for this study, providing a sam-
ple of 1382 participants in Year 7 (Table 1). Data col-
lected in 2005 followed up students who were in Year 7
at baseline only as the older cohort had left school.
These participants were 15–16 years of age in 2005 and
included 1023 respondents, of which 757 were eligible



Smith et al. BMC Public Health 2013, 13:70 Page 4 of 10
http://www.biomedcentral.com/1471-2458/13/70
for longitudinal analysis, having also completed the survey
in 2001. From the sample of 757, many of the students
were missing one or more diet responses necessary for the
planned analysis, and 11 did not include FSM status. No
one diet variable (i.e., fruit and veg, breakfast, fizzy drink
consumption) at either time point was missing from more
than 15% of the sample, however, the overall pattern of
missing data led to a substantial reduction in sample size.
Listwise deletion of those respondents who were missing
data on either FSM or diet reduced the complete case
sample size to 524 (Table 1).
To maximise our statistical power, we used multiple im-

putation in SPSS 19.0 to impute missing FSM data (Table 1)
and the individual diet variables described below. We ran
15 imputations using all variables included in the later stat-
istical analysis as predictors for missing diet data: age, gen-
der, eligibility for free school meals (FSM) [34]. Eligibility
for FSM provided a proxy indicator for individual socioe-
conomic status because the criteria for FSM includes fam-
ily income and has been shown to accurately represent
adolescent socioeconomic status in the UK [35,36]. Table 1
summarises the distribution of missing demographic data,
attrition and the resulting imputed dataset.

Healthy diet:

‘Before going to school how often do you have
breakfast at home or school breakfast club?’
Scores are assigned as follows:
Every day = 3
3-4 days/week = 2
1-2 days/week = 1
Never or hardly ever = 0
And a derived portion of fruit and vegetable portions
eaten each day based on the follow questions:
‘About how many lots of fruit do you eat in a day?’
[‘How many lots’ means ‘how many portions’ (e.g. one
apple/small bunch of grapes)]
(None, 1, 2, 3, 4, 5 or more)
‘About how many lots of vegetables do you eat in
a day?’
The score is calculated from the number of portions of
fruit and vegetables reported to be consumed in a day
added to the breakfast score.

Unhealthy diet:

‘How often do you eat or drink the following?’
Crisps or savoury snacks
Sweets, ghee sweets or chocolate
Biscuits
Fried food, chips, samosas or bhajis, or Fried English
Breakfast
Fizzy Drinks (e.g. Coke)
(More than once a day, once a day, at least once a
week, rarely, never)
Scored as follows for each category, then summed for
an overall unhealthy diet score:
More than once a day = 4
Once a day = 3
At least once a week = 2
Rarely = 1
Never = 0

The RELACHS questionnaire includes questions on
dietary habits in 2001 and 2005. A summary of the ques-
tions used to classify respondent diets are shown above.
The diet outcomes were scored as ‘healthy’ and ‘un-
healthy’, following earlier work on this dataset [37]. Two
aggregate diet variables were created by classifying each
set of responses to all of the relevant questions for each
measure (n=3 for healthy, n=5 for the unhealthy diet
variable). To quantify a healthy diet, participants were
assigned higher values for eating breakfast more fre-
quently and eating more portions of fruit and vegetables.
Scores for fruit and vegetable consumption correspond
to the total portions of fruit and vegetables consumed in
a day. For example, if a student never ate breakfast
(scoring zero) and consumed two portions of fruit and
one portion of vegetables a day, the healthy diet score
would be three (0 + 2 + 1 = 3). The unhealthy diet score
is calculated from the responses to five questions with a
value assigned to each response on the Likert scale. The
unhealthy diet score is the sum of the values assigned to
the five answers provided about consumption frequency
of selected food items. The healthy diet variable included
a range of 0 (least healthy) to 13 (most healthy) based
on the maximum value in the sample. The unhealthy
diet variable was treated similarly and included a range
of values from 0 to 20.

Food environments
Data on the local food environment were collated from
telephone directory listings archived at the Tower Hamlets
Local History Library and Archives. The local councils
were contacted with requests for environmental health
registers which include all locations where food is sold.
Unfortunately when the registers are updated previous
versions are overwritten so records from 2001 and 2005
were unavailable. Data were not available electronically
either online or from a commercial data provider (yell.
com). For 2001 the Thompsons phone directory, com-
bined with the Yellow Pages covered all postcode sectors
included in the study area. In 2005, retail food data for the
entire study area were available from the Yellow Pages dir-
ectory only. Phone directories are not a perfect source of
food environment data [38,39], however, previous research
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has employed similar approaches to create historical food
environment datasets [29,30].
Entries from all phone directories were recorded, com-

piled and de-duplicated. Electronic web searches (Google)
using the business name, street address and postcode sec-
tor (i.e., E1) listed in the phone directories allowed us to
identify the complete unit postcodes (i.e., E1 4NS). The
results were recorded in an Excel spreadsheet which listed
the business name, address and full postcode.
Postcodes are the most precise and pragmatic measure

of location available in the UK, typically including only
15 street address locations [40]. The geographic x y
coordinates of each postcode were attached to all food
outlets using look-up tables available online from UK
Borders [41]. This allowed the food outlet locations to
be projected in the GIS. All food outlet data were again
checked for duplicate records. The accuracy of post-
codes of 10% of the sample was verified by a second re-
searcher, using internet searches with the business name,
street address and postcode sector as described above to
ensure the same results were found, which they were.
Schools were entered into the GIS using the same
method of attaching x y coordinates to each postcode.
Food outlets were classified by the section of the

phone directory where they were listed (takeaway, gro-
cer, supermarket). The food outlet type was grouped into
either takeaway (fast food) or grocer/supermarket/con-
venience store. This aggregation was necessary to be
consistent with phone directory headings. In addition,
we were unable to differentiate all traditional supermar-
kets or grocery stores from smaller corner shops and
convenience stores on the basis of shop name.
Network analysis in a GIS was used to identify how

many shops of each type were located within 400 m and
800 m road network distance from the schools. These
measures represent the distance easily walked in five or
ten minutes and are frequently applied as regions of influ-
ence for predominantly pedestrian populations in food ac-
cess research, including around schools [11,13-16]. The
study of student purchasing patterns identified that shops
on the main transport routes to schools were most often
used, further justifying the distance measures for this
urban student population [21]. Minimum and median dis-
tance to each outlet type within the two distance buffers
in 2001 and 2005 was calculated. The minimum distance
provides an indication of the closest food outlet within the
shortest distance to the school, which will be the same for
both distance buffers if the value is below 400 metres. The
median distance provides an measure of the range of dis-
tances students must travel within the 400 or 800 metre
road network buffers, and preferred to measures of mean
distances for non-normally distributed data [4]. Occasion-
ally a school shared a postcode with a food outlet so the
distance is reported as 0 metres.
Analysis
Statistically significant changes to the mean healthy and
unhealthy diet scores over time were assessed for the
imputed data using Wilcoxon signed-rank test. This is a
nonparametric test for paired data. The same statistical
test was applied to the data on food environments
around schools in 2001 and 2005: counts of total outlets,
median distance to grocer or takeaway and minimum
distance to a grocer or takeaway.
Bivariate relationships between measures of food ac-

cess and imputed sociodemographic characteristics (age,
gender, FSM eligibility) with diet scores were assessed.
Diet outcomes were analysed as continuous variables
and the count, median or minimum distance to a food
outlet of a chosen type within the two network buffers
was included for each participant based on their school
location. For statistically significant relationships (p <
0.05), a generalised linear model (GLM) was then used
to adjust for the demographic variables: age, gender and
FSM eligibility, with the analysis clustered by school.
The imputed diet data was included in the GLM using a
pooled analysis in SPSS 19.0.
In addition to age, gender and FSM eligibility, earlier bi-

variate (Spearman’s rank correlation) analysis on the
imputed dataset not reported here tested for any differ-
ence in diet, proximity or count of food outlets by school-
level deprivation (see [13]) and individual ethnicity. There
were no significant relationships or differences by school
deprivation, which is likely due to the similar levels of
deprivation in each school population. Student ethnicity
was not significantly related to diet outcomes in this sam-
ple and excluded from further analysis.
In the GLM analysis the outcome variable was set as the

diet outcome (healthy or unhealthy diet score) in 2005.
Models included the corresponding (healthy or unhealthy)
diet outcome in 2001 as a continuous predictor variable to
control for baseline diet score within individuals. All mod-
els were adjusted for demographic variables from 2005
data. Each model then included either the distance to food
outlet measures for 2005 (minimum or median) or the
count of outlets by type to explore the effect of access on
adolescent diet scores.

Results
The initial results of the GIS analysis reflect some
change in the food environments near schools between
2001 and 2005. The number of takeaways within 400
metres of a school was similar in both years, but by
2005 there were 115 more convenience stores/grocers
within 800 metres of a school (Table 2). There is an in-
crease in the median distance to convenience stores/gro-
cers, though the minimum distance to grocers within
both buffer areas decreased by an average of 15.9 metres.
Comparing all of the food environment data around



Table 2 Retail environment change: count and distance from nearest schools, 2001 to 2005

400 m 800 m

Distance in metres Distance in metres

count median minimum range count median minimum range

Grocer

2001 51 283.8 54.2 340.2 151 516 54.2 741.2

2005 68 290.3 38.3 356.2 266 580.5 38.3 760.1

Change, 2005 to 2001 17 6.5 −15.9 16 115 64.5 −15.9 18.9

Takeaway

2001 43 272.2 0 396.5 180 529.3 0 791.6

2005 45 282.1 0 393.9 170 507.7 0 795.4

Change, 2005 to 2001 2 9.9 0 −2.6 −10 −21.6 0 3.8
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schools from 2001 to 2005, the only statistically signifi-
cant change in food environment is the count of gro-
cery/convenience stores within 800 metres of a school
(p<0.001). All other pairs of data (median or minimum
distance to an outlet at either 400 or 800 metre network
buffers) were not significantly different between 2001
and 2005.
The change in diet score between 2001 and 2005 for

the 757 respondents with longitudinal data is reported
in Table 3. Nearly all mean diet values decreased over
the four years, with the exception of fried food. The
mean scores decreased for both healthy (mean decrease
of 1.10) and unhealthy (mean decrease of 0.48) diets.
The change in both healthy and unhealthy diet scores
over time is statistically significant (p< 0.001). This de-
crease in mean scores for both types of diet is explained
by the different variables which comprise each diet
‘type’. The mean changes to both breakfast and fruit/
vegetable consumption cause the healthy diet score to
decrease. Similar negative mean changes in four of the
five individual variables in the unhealthy diet score
ensures that the overall score shows a mean decrease.
Table 4 shows the results of adjusted GLM analyses on

the diet outcome at 2005. There were no statistically sig-
nificant relationships between the count of food outlets
and diet scores. Healthy diet scores are positively corre-
lated with the minimum distance to grocery stores,
within both 400 and 800 metre buffers. Unhealthy diet
scores are negatively correlated with the median distance
to takeaways within 400 m, and the minimum distances
to grocers within 800 m and takeaways at both distances.
The strongest relationship is observed between the
healthy diet scores for 2005 and the positive correlation
Table 3 Longitudinal changes to mean diet scores (2005 – 20

Healthy diet Unhealthy diet Breakfast Fizzy

Mean −1.10 −0.48 −0.54 −0.21

SE 0.12 0.16 0.05 0.05
with median distance to grocers within 800 metres
(0.003, 95% CI 0.001 to 0.005). All relationships between
outlet access and healthy diet were positive, suggesting
that adolescents who are likely to travel further from
school to reach a food outlet reported a healthier diet in
terms of fruit and vegetable and breakfast consumption.
The small significant relationships between proximity to
takeaways and unhealthy diets indicate that students
who must go further from school to reach a takeaway
have a less unhealthy diet.

Discussion
The aim of this paper was twofold: to assess how the re-
tail food environment around schools may have changed
over four years in a relatively deprived area of the UK
and to determine whether the food environment near
secondary schools has any influence on adolescent diets.
This research reflects the expressed need for greater
clarity of the role local environments may have in shap-
ing individuals’ health as reported in the Marmot Review
[42]. The importance of local government’s scope to re-
spond to identified inequalities is explicit in a follow-up
to the Marmot Review and provides context for these
results [43].
Retail environment adjusted over the study period.

The count of takeaways within 400 metres of schools
was similar over time, while there was a small increase
in the number of grocers within the same distance. The
difference in food environment was greater within the
wider range of 800 metres: a decrease in the number of
takeaways and a marked increase in convenience stores
or grocers from 2001 to 2005, the only statistically sig-
nificant observed change to the food environment. This
01)

drink F&V Crisp Sweet Biscuit Fried food

−0.55 −0.17 −0.08 −0.08 0.06

0.11 0.05 0.05 0.05 0.05



Table 4 Adjusted estimates for the effect of distance to food shops on diet

Median distances from schools to outlet types

Diet type Grocer, 400 m Grocer, 800 m Takeaway, 400 m Takeaway, 800 m

Healthy diet 0.003 (0.001, 0.005) 0.002 (0.001, 0.004)

Unhealthy diet −0.003 (−0.006, -0.001)

Minimum distances from schools to outlet types

Diet type Grocer, 400 m Grocer, 800 m Takeaway, 400 m Takeaway, 800 m

Healthy diet 0.003 (0.001, 0.006) 0.002 (0.000, 0.003) 0.002 (0.001, 0.004)

Unhealthy diet −0.001 (−0.003, 0.000) −0.003 (−0.006, 0.000) −0.002 (−0.004, 0.000)
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study is unusual in evaluation of retail food environ-
ments over time, with only a few previous studies in-
cluding retail change [29-31]. However, the necessity of
using phone directories from two different companies
(Thompson’s and Yellow Pages) may partly explain the
change in retail food environment. It may be that more
businesses chose to advertise in the 2005 telephone dir-
ectory due to cost or similar reasons.
Results from our analysis indicate that changes in the

local food environment may have some marginal effect on
the diets of adolescents in this study. Healthy diet scores
showed positive parameters for minimum distance to
stores within both buffers, and median distance within
800 m. These associations may offer some evidence that a
slightly greater distance between school and the nearest
grocer/convenience store may contribute to more frequent
breakfast, fruit and vegetable consumption. We have com-
bined outlet types (grocers, convenience stores and super-
markets) which are often distinct in other studies [18],
however, the type of food students are likely to purchase
from any retail outlets on the school commute is more
likely to be included in the ‘unhealthy’ diet score such as
crisps, fizzy drinks and chocolate [21]. This offers some
explanation for the positive relationship between distance
to grocers and healthy diet scores.
Distance to takeaways had a marginal negative associ-

ation with unhealthy diet; if students had to walk further
to the takeaway they may have a less unhealthy diet.
This is similar to results from longitudinal research in
the US, where access to fast food in the residential
neighbourhood was not related to consumption. The
authors of the US study suggest that young adults may
be more likely to purchase fast food nearer to work or
school, which may partially explain their null results
[28]. One further study concluded that among low-
income men proximity to fast food near home increased
consumption, though access to grocery stores had no
discernible effect on diet [25]. We found no evidence
that distance to fast food increased the unhealthy diet
score, but there was no question in RELACHS that
explicitly queried fast food consumption, the most simi-
lar variable was fried food.
The statistical model results in our research differ
slightly from previous cross-sectional research which
found no significant association between diet and prox-
imity to retail outlets in the UK [44] and New Zealand
[4]. Most studies which report any statistically significant
relationship between physical access and resident diet
are based in materially deprived areas or populations of
the US [9,45,46]; the geographic area in this research is
also highly deprived. It may be that proximity is more
important in deprived populations or areas, where phys-
ical access is limited by walking or public transport. As
our study population is adolescents the effect of proxim-
ity may be greater since they cannot drive.
Few studies have reported the influence of food outlets

near schools and peer groups on adolescent diet [16,21],
and limited opportunities are available to assess diet in
relation to food environment over time. Often there is
no clear relationship between the food environment and
student diet as measured by surveys/FFQs, which may
result from cross-sectional study design, small numbers
of participants, or uncertainty in reporting of diet [11].
The results reported in this paper are relatively unique

in a UK context and may be partially explained by the
study design. The longitudinal data, which allowed us to
explore the changing retail environment as well, could
explain the small significant association between diet
score and proximity to food outlets within both distance
buffers. In addition, the point of origin was shifted from
place of residence to the location of participants’ schools.
This represents an alternative food environment to those
measured in most previous research, building on recent
work which incorporates food environments near to or
within schools [11-14,16,47]. A US study surveyed 349
adolescents to gather information about discrete ele-
ments of their diets and considered how diet might be
influenced by the local food environment around their
schools. They concluded that some aspects of diet were
influenced by the local food environment, such as sugar
sweetened beverages, while fruit and vegetables con-
sumption was not [48]. Given the small effects reported
in our study and small or null results in similar research,
residual confounding may explain our marginal findings.
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We acknowledge that in previous research there has
been a division of supermarket/grocery stores and cor-
ner/convenience shops [11,47]; this was not feasible for
this research. The types of foods purchased by students
during the school – home journey (crisps, chocolate)
[48] are available at all store types, with evidence that
students shop for better prices which may be found at
supermarkets [21]. Though grocers are often used as a
proxy for ‘healthy’ food options, they also stock the
items included in the unhealthy diet score: fizzy drinks,
crisps, sweets and biscuits. If the adolescents were rely-
ing on these stores to purchase unhealthy food items as
they travel to or from school, the slightly greater dis-
tance may have contributed to the decrease in ‘un-
healthy’ food items consumed in the second wave of the
longitudinal sample, though there were many more gro-
cers/convenience stores in 2005. We cannot assume that
takeaways are the only source of ‘unhealthy’ food, or
that consumers will avoid the fizzy drinks and crisps at
the grocers (see also [49]). Further qualitative research
on individual shopping behaviour and purchasing deci-
sions will give us insight into food outlet choice and the
variety of items selected in different store formats [50],
which will enhance later research.
Limitations to this study include the inability to ac-

count for what adolescents may purchase and consume
within the schools or bring from home; the food envir-
onment information is restricted to outlets outside of
the school. The data on food outlets was limited to in-
formation available from phone directories because the
local council-held food registers are updated regularly,
without keeping a record of previous businesses which
have closed. One challenge with phone directories as a
data source is the lack of specific code to indicate the
type of food outlet other than generic self-identification
of grocer or supermarket. The historical food environ-
ments only include those businesses that are listed in
the phone directories. However this is a similar limita-
tion to most food access research [51,52]. A recent valid-
ation of several data sources for food outlet locations in
Newcastle, UK concluded that although the Yellow
Pages reported more food outlets that were not actually
present on the ground, most of these were either pubs/
bars or restaurants [38]. Neither of these categories is
used in this paper. We were required to use two differ-
ent phone directories to provide total geographic cover-
age in 2001, the Yellow Pages did not include all of the
areas in our study. The mismatch in datasets may intro-
duce some error from the slightly different data sources.
The Thompsons’ directory was unavailable in 2005 how-
ever the 2005 Yellow Pages included the entire study
area at the second time point.
Further challenges with interpretation of the results can

be described as uncertainty. While we can refer back to
research describing adolescent purchasing behaviour
around schools, data was not collected for this study. We
do not have food purchasing data about the home food en-
vironment, which may have a substantial impact on overall
diet for the participants, especially if they are from lower in-
come homes with limited money for out-of-home food pur-
chases. One part of the healthy diet is consumption of
breakfast, though the nature of each respondent’s breakfast
is unclear. If breakfast is a high-fat sausage roll which is not
included in any of the unhealthy diet variables, then the
scores may not reflect diet as accurately as we intend.
Finally, there was attrition in the respondent popula-

tion between 2001 and 2005 as described in Table 1. We
addressed this loss of sample size by imputing the miss-
ing diet variables which are included in the diet scores
as outlined in the methods section. However, we ac-
knowledge that the imputation may introduce some bias
in the final results.

Conclusion
There are very few published studies which analyse lon-
gitudinal data on both diet outcomes and local food
environments, and there is an absence of significant
results from cross-sectional analysis of food environment
and diet [11,16]. The research presented in this paper
adds to the literature on longitudinal studies of diet and
environment, the only type of studies which may draw a
direct link between environment and health, due to ex-
posure over time. The Marmot Review [42] reported on
the need for a greater understanding of the influence so-
cial inequalities have on health, and a more recent policy
report states the need for greater intervention at the
local level to improve public health [43]. Here we
present results which suggest that in East London there
is a weak association between the proximity of retail
food outlets to secondary schools and adolescents’ diets.
The results presented in this paper warrant further ex-
ploration over a larger and more diverse geographic
area, to identify if this potential relationship between
food environment and diet is present in other areas.
Proximity is not the sole factor in food purchasing be-

haviour, and a challenge with analysing local food environ-
ments is the implicit assumption that individuals frequent
food outlets near home; future work needs to measure
multiple and alternative food environments. In addition,
there should be more careful consideration given to the
types of foods available in food outlets. The marginal sig-
nificant relationships between proximity and diet which we
identified should be treated with caution, however, results
suggest that adolescents have healthier diets when their
schools are located further from retail food outlets regard-
less of type. We must move beyond the simplistic approach
of healthy food availability represented by grocers and con-
sider the full range of food items stocked in these outlets.



Smith et al. BMC Public Health 2013, 13:70 Page 9 of 10
http://www.biomedcentral.com/1471-2458/13/70
Abbreviations
BMI: Body Mass Index; FSM: Free School Meal; GIS: Geographic Information
Systems; GLM: Generalised Linear Model; RELACHS: Research with East
London Adolescents: Community Health Survey.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
DS wrote the initial draft, carried out the mapping, data analysis and the
literature review. SC contributed to the conception of the paper and
discussion of the analysis. CC and SS assisted with data acquisition and
contributed to the conception of the paper. All authors contributed to
successive drafts of the paper, read and approved the final draft. DS is the
guarantor. All authors read and approved the final manuscript.

Acknowledgements
DS is supported by the Medical Research Council Population Health Scientist
Fellowship (G0802447). SC is supported by a UK National Institute of Health
Research (NIHR) Senior Fellowship. CC and SS are employed by Queen Mary,
University of London. We would like to thank Christopher Cockel for
preparation of the retail food data and Cath Rothon for assistance with the
dietary variable derivations. We are grateful for the support of the schools,
parents and students involved in this study. We also thank the field team for
the collection of data. RELACHS was commissioned by the East London and
City Health Authority. The data collection was funded by East London and
City Health Authority and the Department of Health.

Author details
1Centre for Primary Care and Public Health, Blizard Institute, Queen Mary
University of London, Yvonne Carter Building, 58 Turner Street, London E1
2AB, UK. 2Department of Social & Environmental Health Research London
School of Hygiene & Tropical Medicine, 15-17 Tavistock Place, London WC1H
9SH, UK. 3Centre for Psychiatry, Old Anatomy Building, Barts and The London
School of Medicine, Queen Mary University of London, Charterhouse Square,
London EC1M 6BQ, UK.

Received: 14 February 2012 Accepted: 18 December 2012
Published: 24 January 2013

References
1. Cummins S, Smith D, Aitken Z, Dawson J, Marshall D, Sparks L, Anderson A:

Neighbourhood deprivation and the price and availability of fruit and
vegetables in Scotland. J Hum Nutr Diet 2010, 23(5):494–501.

2. Cummins S, Smith DM, Taylor M, Dawson J, Marshall D, Sparks L, Anderson AS:
Variations in fresh fruit and vegetable quality by store type, urban–rural
setting and neighbourhood deprivation in Scotland. Public Health Nutr 2009,
12(11):2044–2050.

3. Smith D, Cummins S, Taylor M, Dawson J, Marshall D, Sparks L, Anderson A:
Neighbourhood food environment and area deprivation: spatial
accessibility to grocery stores selling fresh fruit and vegetables in urban
and rural settings. Int J Epidemiol 2010, 39:277–284.

4. Pearce J, Hiscock R, Blakely T, Witten K: The contextual effects of
neighbourhood access to supermarkets and convenience stores on
individual fruit and vegetable consumption. J Epidemiol Community
Health 2008, 62:198–201.

5. Mooney C: Cost and availability of healthy food choices in a London
health district. J Hum Nutr Diet 1990, 3:111–120.

6. Chung C, Myers SL: Do the poor pay more for food? An analysis of
grocery store availability and food price disparities. J Consum Aff 1999,
33:276–296.

7. Donkin SJ, Dowler EA, Setevenson S, Turner SA: Mapping access to food at
a local level. British Food Journal 1999, 101:554–564.

8. Wrigley N, Warm D, Margetts B: Deprivation, diet, and food-retail access:
findings from the Leeds ‘food deserts’ study. Environment and Planning A
2003, 35:151–188.

9. Bodor J, Rose D, Farley T, Swalm C, Scott S: Neighbourhood fruit and
vegetable availability and consumption: the role of small food stores in
an urban environment. Public Health Nutr 2008, 11:413–420.

10. Sturm R: Disparities in the food environment surrounding US middle and
high schools. Public Health 2008, 122(7):681–690.
11. Ruopeng A, Sturm R: School and residential neighborhood food environment
and diet among California youth. Am J Prev Med 2012, 42(2):129–135.

12. Neckerman KM, Bader MDM, Richards CA, Purciel M, Quinn JW, Thomas JS,
Warbelow C, Weiss CC, Lovasi GS, Rundle A: Disparities in the food
environments of New York city public schools. Am J Prev Med 2010,
39(3):195–202.

13. Day PL, Pearce J: Obesity-promoting food environments and the spatial
clustering of food outlets around schools. Am J Prev Med 2010,
40(2):113–121.

14. Simon PA, Kwan D, Angelescu A, Shih M, Fielding JE: Proximity of fast food
restaurants to schools: do neighborhood income and type of school
matter? Prev Med 2008, 47(3):284–288.

15. Kestens Y, Daniel M: Social inequalities in food exposure around schools
in an urban area. Am J Prev Med 2010, 39(1):33–40.

16. van der Horst K, Timperio A, Crawford D, Roberts R, Brug J, Oenema A: The
school food environment associations with adolescent soft drink and
snack consumption. Am J Prev Med 2008, 35(3):217–223.

17. Zenk SN, Schulz AJ, Matthews SA, Odoms-Young A, Wilbur J, Wegrzyn L,
Gibbs K, Gibbs K, Braunschweig C, Stokes C: Activity space environment
and dietary and physical activity behaviors: a pilot study. Health Place
2011, 17:1150–1161.

18. Powell L, Auld M, Chaloupka F, O’Malley P, Johnston L: Associations
between access to food stores and adolescent body mass index.
Am J Prev Med 2007, 33:S301–S307.

19. Nelson M, Nicholas J, Wood L, Riley K, Russell S: Stastistical Release: Take up
of school lunches in England, 2010–2011. London: School Food Trust & Local
Authority Caterers Association; 2011.

20. Story M, Nanney MS, Schwartz MB: Schools and obesity prevention:
creating school environments and policies to promote healthy eating
and physical activity. Milbank Q 2009, 87(1):71–100.

21. Sinclair S, Winkler J: The School Fringe: What pupils buy and eat from shops
surrounding secondary schools. London: Nutrition Policy Unit, London
Metopolitan University; 2008.

22. Sodexho: The Sodexho School Meals and Lifestyle Survey 2005. Whyteleafe:
Surrey; 2005.

23. Davis B, Carpenter C: Proximity of fast-food restaurants to schools and
adolescent obesity. Am J Public Health 2009, 99(3):505–510.

24. Gordon-Larsen P, Guilkey DK, Popkin BM: An economic analysis of
community-level fast food prices and individual-level fast food intake: a
longitudinal study. Health Place 2011, 17(6):1235–1241.

25. 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, 171:1162–1170.

26. Macdonald L, Ellaway A, Ball K, Macintyre S: Is proximity to a food retail
store associated with diet and BMI in Glasgow, Scotland? BMC Publ
Health 2011, 11(1):464.

27. Moore L, Roux A, Nettleton J, Jacobs D: Associations of the local food
environment with diet quality - a comparison of assessments based on
surveys and geographic information systems. Am J Epidemiol 2008,
167:917–924.

28. Richardson A, Boone-Heinonen J, Popkin B, Gordon-Larsen P:
Neighborhood fast food restaurants and fast food consumption: a
national study. BMC Publ Health 2011, 11(1):543.

29. Block J, Christakis NA, O’Malley JA, Subramanian SV: Proximity to food
establishments and body mass index in the framingham heart study
offspring cohort over 30 years. Am J Epidemiol 2011, 174:1108–1114.

30. Currie J, DellaVigna S, Moretti E, Pathania V: The Effect of Fast Food
Restaurants on Obesity and Weight Gain. Cambridge, MA: National Bureau of
Economic Research; 2009.

31. Powell L, Bao Y: Food prices, access to food outlets and child weight.
Econ Hum Biol 2009, 7:64–72.

32. Viner RM, Clark C, Taylor SJC, Bhui K, Klineberg E, Head J, Booy R, Stansfeld SA:
Longitudinal risk factors for persistent fatigue in adolescents. Arch Pediatr
Adolesc Med 2008, 162(5):469–475.

33. Taylor SJC, Viner R, Booy R, Head J, Tate H, Brentnall SL, Haines M, Bhui K,
Hillier S, Stansfeld S: Ethnicity, socio-economic status, overweight and
underweight in East London adolescents. Ethn Health 2005, 10(2):113–128.

34. Sterne JA, White IR, Carlin J, Spratt M, Royston P, Kenward MG, Wood AM,
Carpenter JR: Multiple imputation for missing data in epidemiological
and clinical research: potential and pitfalls. BMJ 2009, 339:157–160.



Smith et al. BMC Public Health 2013, 13:70 Page 10 of 10
http://www.biomedcentral.com/1471-2458/13/70
35. Wardle J, Robb K, Johnson F: Assessing socioeconomic status in
adolescents: the validity of a home affluence scale. J Epidemiol
Community Health 2002, 56(8):595–599.

36. Hobbs G, Vignoles A: Is children’s free school meal eligibility a good proxy for
family income? British Education Research Journal 2009, 36:673–690.

37. Jacka F, Rothon C, Taylor S, Berk M, Stansfeld SA: Diet quality and mental
health problems in adolescents from East London: a prospective study.
Soc Psych Psych Epid 2012, epub ahead of print.

38. Lake AA, Burgoine T, Greenhalgh F, Stamp E, Tyrrell R: The foodscape:
classification and field validation of secondary data sources. Health Place
2010, 16(4):666–673.

39. Auchincloss A, Moore K, Moore L, Diez Roux A: Improving retrospective
characterization of the food environment for a large region in the United
States during a historic time period. Health Place 2012, 18(6):1341–1347.

40. Postal geography: [http://www.ons.gov.uk/ons/guide-method/geography/
beginner-s-guide/postal/index.html].

41. UK Borders: [http://edina.ac.uk/ukborders/].
42. Marmot M: Fair Society, Healthy Lives: Strategic Review of Health Inequalities in

England post-2010. London: The Marmot Review; 2010.
43. Improvement and Development Agency: In The social determinants of

health and the role of local government. Edited by Campbell F. London:
Department of Health; 2010.

44. Pearson T, Russell J, Campbell M, Barker M: Do ‘food deserts’ influence fruit
and vegetable consumption? - a cross-sectional study. Appetite 2005,
45:195–197.

45. Morland K, Wing S, Diez-Roux A: The contextual effect of the local food
environment on residents’ diets: the atherosclerosis risk in communities
study. Am J Public Health 2002, 92:1761–1767.

46. Rose D, Richards R: Food store access and household fruit and vegetable
use among participants in the U.S. Food Stamp Program. Public Health
Nutr 2004, 7:1081–1088.

47. 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(11):1757–1763.

48. The school foodshed: a report on schools and fast food outlets (FFOs) in
Tower Hamlets. [http://www.foodvision.gov.uk/pages/tower-hamlets-food-
for-health-award-scheme].

49. Thornton L, Cameron A, McNaughton S, Worsley A, Crawford D: The
availability of snack food displays that may trigger impulse purchases in
Melbourne supermarkets. BMC Publ Health 2012, 12(1):194.

50. 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 2012,
19(1):116–123.

51. Pearce J, Witten K, Hiscock R, Blakely T: Are socially disadvantaged
neighbourhoods deprived of health-related community resources?
Int J Epidemiol 2007, 36(2):348–355.

52. Burns CM, Inglis AD: Measuring food access in Melbourne: access to
healthy and fast foods by car, bus and foot in an urban municipality in
Melbourne. Health Place 2007, 13(4):877–885.

doi:10.1186/1471-2458-13-70
Cite this article as: Smith et al.: Does the local food environment around
schools affect diet? Longitudinal associations in adolescents attending
secondary schools in East London. BMC Public Health 2013 13:70.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.ons.gov.uk/ons/guide-method/geography/beginner-s-guide/postal/index.html
http://www.ons.gov.uk/ons/guide-method/geography/beginner-s-guide/postal/index.html
http://edina.ac.uk/ukborders/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Food environments
	Analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

