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Abstract

Objective: To examine neighbourhood food environments, adolescent nutrition
and weight status.
Design: Cross-sectional, observational study.
Setting: Minneapolis/St. Paul metropolitan region, Minnesota, USA.
Subjects: A total of 349 adolescents were recruited to the study. Participants
completed 24 h dietary recalls and had their weight and height measured.
They also reported demographic information and other diet-related behaviours.
Geographic Information Systems were used to examine the availability and
proximity of food outlets, particularly those captured within the 800, 1600 and/or
3000 m network buffers around participants’ homes and schools.
Results: Adjusting for gender, age and socio-economic status, adolescents’ sugar-
sweetened beverage intake was associated with residential proximity to restaurants
(including fast food), convenience stores, grocery stores and other retail facilities
within the 800 and/or 1600m residential buffers (P # 0?01). BMI Z-score and per-
centage body fat were positively associated with the presence of a convenience
store within a 1600m buffer. Other individual-level factors, such as energy, fruit
and vegetable intake, as well as convenience store and fast food purchasing, were
not significantly associated with features of the residential neighbourhood food
environment in adjusted models. In addition, school neighbourhood environments
yielded few associations with adolescent outcomes.
Conclusions: Many factors are likely to have an important role in influencing adoles-
cent dietary intake and weight status. Interventions aimed at increasing neighbourhood
access to healthy foods, as well as other approaches, are needed.
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Neighbourhood environments may influence various

health behaviours, including dietary intake. A recent lit-

erature review highlighted numerous studies reporting

that greater access to neighbourhood grocery stores was

associated with better dietary intake and lower obesity

rates among adults(1). In contrast, greater access to con-

venience stores and restaurants, including fast food, has

been associated with less favourable diet quality and

increased obesity, although the findings are not con-

sistent(2). The distribution of food stores and inequities in

access to healthy foods may be a particular concern in the

USA(3) and has been widely cited as a promising target for

large-scale public health interventions addressing obesity

and healthy eating(4).

To date, many studies have focused on adults, with less

attention on youth(5,6). Given that adolescence is marked

by increasing independence over decisions including

what to eat, where to go and how to spend money, this

may be an important age during which food access affects

dietary choices. Although studies among adults have

focused primarily on residential access to food outlets,

other studies highlight the proliferation of fast food and

other food outlets around schools(7–9). Thus, it is impor-

tant to consider neighbourhoods surrounding both

homes and schools to more fully understand environ-

mental influences on youth. In addition, distinguishing

between the dose of environmental exposure (i.e. the

density of food stores or the number of food stores

contained within a given area around one’s home or

school) v. access (i.e. proximity or distance to the nearest

food store) remains poorly understood in this population.

The purpose of the present study was to examine

the extent to which food outlet proximity and density,

particularly around adolescents’ homes and schools, was

associated with dietary intake, food purchases and weight

status.
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Methods

Adolescents and one parent (n 349 pairs) from the

Minneapolis/St. Paul metropolitan area were recruited for

participation in the Identifying Determinants of Eating

and Activity Study, as described in detail elsewhere(10).

Neighbourhood-level measures

Geographic Information Systems (GIS) data were used to

calculate the distance to and density of food outlets

around the participants’ homes and schools. Food outlets

included all restaurants (including fast food), convenience

stores, grocery stores and any retail facilities identified

using NAICS (North American Industry Classification

System) codes, a common tool in this type of research for

identifying business types(11). Purchased Dun and Brad-

street 2006 business data provided food outlet addresses.

Automated geocoding resulted in 78–88% of addresses

being matched to GIS street databases for various types

of stores; after extensive proofing of addresses using

Internet and phone databases, this was raised to 94–100%,

depending on store type. Errors in addresses included

incorrect zip codes, street numbers not in street database,

word order problems, inconsistent abbreviations and

typographical errors. These methods are described in

detail elsewhere(12). Network distances were calculated

measuring distance from the participant’s home or school

to food outlets along a street network using ArcGIS

version 9 (ESRI, Redlands, CA, USA). Densities (number

of stores within a specified buffer) were calculated in

network buffer distances by dividing total neighbourhood

food outlets by land area. For our purposes, we examined

800, 1600 and 3000 m buffers (,0?5, 1 and 2 miles,

respectively) to be consistent with previous study and

maximize variability within this sample’s largely suburban

geography.

Youth-level measures

Adolescents completed telephone-administered 24 h

dietary recalls. Multiple dietary recalls are widely accep-

ted as valid and reliable for dietary assessment, yielding

acceptable validity in youth(13). Trained staff from the

Nutrition Coordination Center (University of Minnesota)

administered the recalls, using the Nutrition Data System

for Research and a multiple-pass method(14). Three days

of dietary recalls were obtained when possible, although

only 2 d of data were obtained in a limited number of

cases. Energy intake was examined for possible outliers

(,2092 kJ/d (500 kcal/d), .20 920 kJ/d (5000 kcal/d)) as

per standard procedures(15); no outliers were identified.

Adolescents’ reported factors related to demographics

and energy balance. Fast food and convenience store

food purchases were assessed by asking: (i) ‘In the

past month y how many times did you buy food at a

restaurant where food is ordered at a counter or at a

drive-through window (there is no waiter/waitress)?’ and

(ii) ‘How many times did you buy food at a convenience

store, gas station, hardware store or a vending machine,

outside of school?’ Nine response options ranged from

never to $3 times/d. Item reliability and validity have been

published elsewhere(16).

Adolescents’ weight and height were measured wear-

ing light clothing. Trained staff assessed height using a

Shorr height board (Irwin Shorr, Olney, MD, USA), and

weight and body composition using a Tanita scale, a

bioelectrical impedance device (TBF-300A Body Com-

position Analyzer; Tanita, Arlington Heights, IL, USA).

BMI Z-scores were calculated using the US Centers for

Disease Control and Prevention growth charts(17).

Geocoded addresses and participant data were merged

with US Census 2000 tract-level data. Median household

income was chosen to account for area-level socio-economic

status (SES). The percentageage of students receiving free

or reduced-cost lunch accounted for school-level SES.

Analysis

Given the highly skewed distribution of the GIS-derived

residential data (i.e. substantial number of buffers without

food outlets of any given type, most likely due to zoning

regulations restricting commercial land use within resi-

dential areas), we dichotomized density measures into the

presence v. absence of facilities within specified network

buffers. School-level density measures for 1600 and

3000 m buffers were more normally distributed (skewness

,2?00), with a majority of school-level buffers (98 %)

containing at least one food outlet; therefore, these were

modelled as continuous variables. Given that measures of

distance and density reflect unique constructs, both types

of measures were included in the analytic phase.

We employed a two-stage analytical approach(11). First,

we examined unadjusted associations between GIS-

derived and diet- or weight-related variables (outlined in

Table 1). For only those yielding significant associations

(P # 0?05), we examined adjusted models, controlling for

parental education, adolescent sex, age, school-level and

area-level SES. In adjusted models, we used a P # 0?01

threshold to indicate statistical significance. We used this

somewhat conservative approach to account for the many

possible associations that could be examined and are

typical in this type of research. In addition, interpretation

of these results sought to identify robust patterns in

findings across various features, rather than individual

associations between specific variables. Adjusted models

were generated using the SAS statistical software package

version 9?1 for Windows (SAS Institute Inc., Cary, NC,

USA) PROC GENMOD procedure using compound

symmetry variance structure for generalized estimating

equations with schools modelled as a random effect

because the study recruitment approach resulted in

clustering within schools. Identical models were run

using PROC GLM to calculate r2 statistics. Point estimates

were similar between the two procedures.
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Table 1 Descriptive statistics of the study sample

Mean or % SD Minimum Maximum

Sociodemographic characteristics (n 334)
Age (years) 15?4 1?7 10?8 17?7
Median household income (based on Census tract) $76 790 $18 006 $31 691 $147 640
Male (%) 49?1
Parents with at least college education (%) 64?4

Dependent variables
Dietary intake, via multiple 24 h recalls (n 316)*

Average daily energy intake (kcal)- 2066 696 585 4559
Average daily fat intake (%) 30?8 5?4 13?1 45?2
Daily servings of fruit and vegetables 2?9 1?8 0?0 11?1
Daily servings of vegetables only 2?3 1?6 0?0 11?1
Average daily servings of sweetened soft drinks 0?5 0?8 0?0 4?2

Food purchases, via survey self-report (n 334)
Weekly purchases at fast-food restaurants 0?9 0?9 0?0 5?5
Weekly purchases at fast-food restaurants or convenience stores 1?5 1?4 0?0 11?0

Objectively measured anthropometrics (n 340)
BMI Z-score (based on CDC 2000 growth curves) 0?3 1?0 22?5 2?7
Percentage body fat 20?4 10?1 3?6 59?3

Residential-level GIS-derived independent variables (n 334)
Distance to nearest facility (per 100 m)-

-

Fast-food restaurant 21?2 20?9 0?2 131?0
Any restaurant 16?9 17?0 0?0 115?3
Convenience store 35?1 28?3 0?0 176?7
Grocery store 27?3 23?8 1?1 144?0

Density: presence of a facility within 800 m street-network buffer (%)
Fast-food restaurant 21?0
Any restaurant 30?5
Convenience store 18?6
Grocery store 13?8
Any retail store 30?5

Density: presence of a facility within 1600 m street-network buffer (%)
Fast-food restaurant 51?2
Any restaurant 63?8
Convenience store 49?7
Grocery store 37?7
Any retail store 66?5

Density: presence of a facility within 3000 m street-network buffer (%)
Fast-food restaurant 80?0
Any restaurant 84?7
Convenience store 74?0
Grocery store 58?7
Any retail store 81?1

School-level GIS-derived independent variables (n 277)y
Distance to the nearest facility (per 100 m)

Fast-food restaurant 10?3 14?5 1?3 230?6
Any restaurant 8?6 11?2 0?0 171?9
Convenience store 25?2 22?4 2?5 274?3
Grocery store 14?9 16?6 1?0 233?0

Density: presence of a facility within 800 m street-network buffer (%)
Fast-food restaurant 44?4
Any restaurant 54?5
Convenience store 42?6
Grocery store 28?9
Any retail store 65?0

Density of facilities within 1600 m street-network buffer (number of facilities
per land area (hectare, excluding water))

Fast-food restaurant 0?012 0?012 0?000 0?140
Any restaurant 0?023 0?027 0?000 0?389
Convenience store 0?004 0?004 0?000 0?019
Grocery store 0?004 0?006 0?000 0?029
Any retail store 0?017 0?014 0?000 0?103

Density of facilities within 3000 m street-network buffer (number of facilities
per land area (hectare, excluding water))

Fast-food restaurant 0?008 0?006 0?000 0?059
Any restaurant 0?018 0?016 0?000 0?171
Convenience store 0?004 0?003 0?000 0?015
Grocery store 0?003 0?004 0?000 0?023
Any retail store 0?014 0?010 0?000 0?062

GIS, Geographic Information System; CDC, US Centers for Disease Control and Prevention.
*Number of participants with data for at least 2–3 dietary recalls.
-1 kcal 5 4.184 kJ.
-

-

For example, these results could be interpreted as the average distance to the nearest fast-food restaurant was 2100 m from the participants’ homes.
yIncludes participants with non-missing data for school-level free or reduced cost lunch and parent-reported level of education.
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Results

Mean participant age was 15 (range: 11–18) years, and

48?8% of the participants were male (Table 1). The sample

was primarily Caucasian (93?4%), reflecting the sampling

region, which is 86?1% whites overall(10). Adolescents

attended schools largely in suburban areas (83?6% sub-

urban and 16?4% central city). Descriptive characteristics of

adolescent dietary intake, food purchasing, weight status

and body composition, as well as characteristics of the food

environment around the participants’ homes and schools,

are also presented in Table 1.

Neighbourhood- and individual-level associations

Significant adjusted estimates between individual ado-

lescent characteristics (such as dietary intake and weight

status) are presented in Table 2. Given that there was no

significant association (P . 0?01) between energy, dietary

fat, fruit and vegetables, vegetables alone, or fast food

and convenience store purchasing and GIS variables,

these estimates are not presented.

Adjusted models indicate that sugar-sweetened bev-

erage (SSB) intake was negatively associated with distance

from home to the nearest restaurant (b 5 20?007, 95% CI

20?01, 20?003) or grocery store (b 5 20?005, 95% CI

20?01, 20?001), with greater distance associated with less

consumption. SSB consumption was also positively asso-

ciated with food outlet density across a wide range of

environmental measures, including having at least one

fast-food restaurant, restaurant of any kind, convenience

store, grocery store or any retail facility within a 1600m

residential network buffer, as well as the presence of a

restaurant within 800m. Furthermore, BMI Z-score and

percentage body fat were positively associated with the

presence of a convenience store within a 1600m residen-

tial buffer (BMI Z-score: b 5 0?26, 95% CI 0?05, 0?48;

percentage body fat: b 5 2?17, 95 % CI 0?44, 3?91). All of

these models assessing individual-level associations with

home neighbourhood environments had relatively small

r2 values (0?10–0?13).

Only three school-level associations resulting from

adjusted models were significant (data not shown). These

included: (i) BMI Z-score being negatively associated

with the presence of any restaurant within 800 m

(b 5 20?28, 95% CI 20?50, 20?07; r2 5 0?04); (ii) percen-

tage body fat being negatively associated with the presence

of a fast-food restaurant within 800m (b 5 22?61, 95% CI

24?58, 20?64; r2 5 0?35; and (iii) percentage body fat being

negatively associated with the presence of any restaurant

within 800m (b 5 23?20, 95% CI 25?17, 21?23; r2 5 0?36).

Although the percentage variance explained in these

latter two models was notable, a vast majority of this

Table 2 Significant adjusted estimates from multi-level regression models modelling associations between residential and school neigh-
bourhood characteristics and adolescent food intake or purchasing (P # 0?01)

Sugar-sweetened beverage intake BMI Z-score Percentage body fat
(n 316) (n 334) (n 334)

b Z 95% CI b Z 95% CI b Z 95% CI

Fast-food restaurants*
Distance to the nearest facility (per 100 m) – – – – – – – – –
Presence within 800 m – – – – – – – – –
Presence within 1600 m 0?25 2?51 0?05, 0?44 – – – – – –
Presence within 3000 m – – – – – – – – –

Any restaurants*
Distance to the nearest facility (per 100 m) 20?007 23?38 20?01, 20?003 – – – – – –
Presence within 800 m 0?28 2?71 0?08, 0?48 – – – – – –
Presence within 1600 m 0?23 2?53 0?05, 0?41 – – – – – –
Presence within 3000 m – – – – – – – – –

Convenience stores*
Distance to the nearest facility (per 100 m) – – – – – – – – –
Presence within 800 m – – – – – – – – –
Presence within 1600 m 0?24 2?66 0?06, 0?41 0?26 2?37 0?05, 0?48 2?17 2?45 0?44, 3?91
Presence within 3000 m – – – – – – – – –

Grocery stores*
Distance to the nearest facility (per 100 m) 20?005 22?56 20?01, 20?001 – – – – – –
Presence within 800 m – – – – – – – – –
Presence within 1600 m 0?31 3?10 0?11, 0?51 – – – – – –
Presence within 3000 m – – – – – – – – –

Any retail facilities*
Presence within 800 m – – – – – – – – –
Presence within 1600 m 0?24 2?76 0?07, 0?41 – – – – – –
Presence within 3000 m – – – – – – – – –

Models controlled for parent’s education, adolescent’s sex, age and median household income (at the census tract level) and accounted for clustering at the
school level are included. Models utilizing data on sugar-sweetened beverage intake also included a covariate for number of days of recall data available (i.e.
2 v. 3 d). Only adjusted estimates that were statistically significant (P # 0?01) are presented in the table. Dietary intake of energy, fat, fruit and vegetables and
vegetables alone, as well as frequency of fast food/convenience purchases, yielded no significant associations with Geographic Information Systems variables
in adjusted models, and thus are not presented.
*Generated using distance via street networks.
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variance was explained by the covariates in the model;

when the GIS variables were removed from these models,

r2 was 0?33.

Discussion

Although many diet- and weight-related variables examined

here were not consistently associated with neighbourhood

food environments, SSB intake notably yielded a positive

and robust association with the presence of food and

non-food retail facilities in the 800 and 1600m residential

buffers. Proximity and access may influence adolescents’

SSB consumption, given the convenience of these beverages,

minimal cost and ubiquitous presence in a wide range of

retail facilities. Findings from Wang et al.(18) show that an

average excess intake of 468–690kJ/d (110–165kcal/d) may

account for the excess weight gain observed among US

children over the past two decades. Thus, environmental

factors contributing to the daily consumption of one

additional SSB may be sufficient to promote long-term

weight gain in a significant proportion of youth.

In contrast, we did not detect similar significant and

robust associations between other dietary characteristics

and features of the neighbourhood environment around

the home. It is possible that much of our suburban-

residing sample may drive more than 3000 m to purchase

food for home consumption, thus resulting in overall

nutrient intake (e.g. energy or fat intake) having little

association with local food availability.

BMI Z-score and percentage body fat yielded a moder-

ate, positive association with the presence of convenience

stores within 1600m of the home. Although these findings

were not particularly robust (i.e. yielding associations

with a wide array of neighbourhood characteristics),

they align well with two previous studies yielding similar

results among youth(6,19). Previous studies illustrate that

convenience stores offer large proportions of highly pro-

cessed, energy-dense foods, compared to other types of

retail food outlets, and supermarkets offer a greater variety

of more healthy foods(20,21). Not all previous studies,

however, have detected a relationship between these food

outlet densities and childhood weight gain(22), perhaps

underscoring the complexities of the aetiology of obesity.

Although numerous characteristics of the school

neighbourhood environment yielded significant associa-

tions with diet-related behaviours in unadjusted analyses,

most of these relationships were no longer apparent after

controlling for covariates. However, few schools in our

sample had zero food outlets within the specified buffer

areas, meaning that nearly all schools had some food

outlet ‘exposure’. Thus, it is possible that these school-

level findings may be explained by the fact that the mere

presence (v. absence) of at least one food outlet within

close proximity had a greater impact on dietary con-

sumption than the sheer number or density of nearby

food outlets. In addition, students in our largely suburban

sample may be less influenced by these food outlets if

they are bused or driven directly to school (rather than

walking or taking public transit).

Paradoxically, the few findings that were significant in

our analyses of school neighbourhood environments

were in the opposite directions to those that had been

hypothesized (i.e. BMI Z-score or percentage body fat

was lower among those who were exposed to fast food

and/or any restaurants within 800 m of their school).

These findings are difficult to explain and may reflect a

variety of exposures (in the neighbourhood, as well as

schools, families and other realms of influence) in the

lives of these young people. The present study required

a large number of statistical tests, and although we

accounted

for this by using relatively conservative procedures and

a levels, these findings may reflect a statistical anomaly.

Overall, the specific impact of food outlet access on

diet and weight remains somewhat unclear. Policy makers

and key stakeholders are searching for guidance about

how to positively affect dietary patterns, and additional

research is needed to guide practice-based recommen-

dations. Over the years, the implementation of nutrition

education programmes has been logistically challenging,

and impact has been limited. Thus, attention has turned

towards changing the physical infrastructure as a means

of addressing obesity. Numerous local governments have

proposed changes to zoning, food licensing and other

factors in hopes of improving healthy food availability

and limiting access to less healthy foods(23).

However, in addition to access, food choices also

reflect an array of personal and social values. Although

previous studies have reported associations between

food access and diet-related factors, overall associations

have been rather small in magnitude, with inconsistencies

in findings between the USA and other international

settings(3). In fact, much of the US association between

food access and obesity may be attributed to SES-based

disparities in access, which have been widely docu-

mented(1). It is possible that in food-rich environments

where access is unrestricted, social influences and per-

sonal preferences affect consumption more than physical

environments(24).

The present study had numerous strengths (e.g. using

state-of-the-art dietary intake assessment and measured

heights and weights) as well as limitations. The study was

conducted only in one region of the USA and included

a small, non-representative youth sample. The inherent

limitations of GIS data, particularly with regard to

describing food environments, are also well known(10,24).

Bader et al.(25) found that disagreements between data

sources were not significantly correlated with influential

covariates, such as SES, but still found substantial dis-

agreements between sources (e.g. a 17?6 % disagreement

between data sources as to whether a supermarket or
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grocery was present on a city block). Although commercial

food business databases have limitations in data quality, we

took extra effort to manually check and ensure the accuracy

of addresses in our purchased data(12,26).

Furthermore, the selection of an appropriate buffer

size is a difficult issue that deserves additional attention in

future studies(1). Although most of the study on neigh-

bourhood food environments has examined ecological

associations between environmental factors and dietary

intake, with relatively crude classifications of ‘neigh-

bourhoods’ (e.g. exploring food store availability within

Census tracts, zip codes or states), the studies that have

used GIS buffers to more narrowly define the neigh-

bourhood food environment have not employed a con-

sistently defined buffer size. Buffer sizes have included

100 m(27), 1000 m(27), 0?5(28,29), 1(29) and 2 miles(29). The

use of a larger buffer size to examine neighbourhood

food environments may better reflect the fact that a sub-

stantial proportion of people (particularly within the USA)

do not live within walking distance of their primary food

store. For example, Moore et al.(30) found that only 47 %

of US adults reported doing most of their food shopping

within 1 mile of their home. In addition, Rose and

Richards(31) found that only 38 % of low-income adults

shopped for food #1 mile from their home, with an

additional 35 % shopping within 1–5 miles and 27 %

shopping .5 miles from home. Therefore, the buffer

sizes used in the present study may generally capture the

areas in which some of our adolescent participants (and/

or their families) do their food purchasing, but others may

purchase food outside this area of exposure. In the pre-

sent study, we were not able to measure specific food

purchasing or eating behaviours in terms of the most

relevant exposures in the food environment. This is an

important limitation.

Overall, adolescence is an important developmental

age accompanied by notable declines in a range of health

behaviours. Numerous studies indicate that increased

fast-food intake and eating away from home is associated

with substantially lower diet quality among youth(32–34).

Our results suggest that neighbourhood environments

surrounding the home are particularly associated with

adolescents’ consumption of SSB. Intervention strategies to

promote healthy dietary patterns among adolescents are

needed, some of which should include macro-level policy

approaches. However, the decision-making processes that

occur around dietary choices are highly complex, and

nutrition promotion efforts will likely need to employ

multiple approaches, including environmental availability

and accessibility as well as other strategies, to be successful.
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