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Abstract

Background: Youth with diabetes are at increased risk for obesity and cardiovascular disease complications.
However, less is known about the influence of built food environment on health outcomes in this population. The
aim of this study was to explore the associations of accessibility and availability of supermarkets and fast food
outlets with Body Mass Index (BMI) z-score and waist circumference among youth with diabetes.

Methods: Information on residential location and adiposity measures (BMI z-score and waist circumference) for 845
youths with diabetes residing in South Carolina was obtained from the South Carolina site of the SEARCH for
Diabetes in Youth study. Food outlets data obtained from the South Carolina Department of Health and
Environmental Control and InfoUSA were merged based on names and addresses of the outlets. The
comprehensive data on franchised supermarket and fast food outlets was then used to construct three accessibility
and availability measures around each youth’s residence.

Results: Increased number and density of chain supermarkets around residence location were associated with
lower BMI z-score and waist circumference among youth with diabetes. For instance, for a female child of 10 years
of age with height of 54.2 inches and weight of 70.4 pounds, lower supermarket density around residence location
was associated with about 2.8–3.2 pounds higher weight, when compared to female child of same age, height and
weight with highest supermarket density around residence location. Similarly, lower supermarket density around
residence location was associated with a 3.5–3.7 centimeter higher waist circumference, when compared to
residence location with the highest supermarket density. The associations of number and density of chain fast food
outlets with adiposity measures, however, were not significant. No significant associations were observed between
distance to the nearest supermarket and adiposity measures. However, contrary to our expectation, increased
distance to the nearest fast food outlet was associated with higher BMI z-score, but not with waist circumference.

Conclusions: Food environments conducive to healthy eating may significantly influence health behaviors and
outcomes. Efforts to increase the availability of supermarkets providing options/selections for health-promoting
foods may significantly improve the dietary intake and reduce adiposity among youth with diabetes.
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Background
The escalating prevalence of overweight among children
and adolescents, which tripled between 1980 and 2002
[1,2], is a leading public health problem in the United
States [3,4]. Compared to healthy youth, those with dia-
betes are at higher risk for development of cardiovascu-
lar risk factors. Contrary to general perceptions, youth
with type 1 diabetes exhibit levels of overweight and
obesity comparable to general youth populations [5].
Furthermore, type 2 diabetes has recently emerged in
youth, with the vast majority of those affected having ex-
tremely high body mass index (BMI) values [5].
To date, most epidemiologic studies exploring the

built food environment and health outcomes have fo-
cused on BMI, overweight or obesity among adults [6-
10] with very few reports on children and adolescents
[11-14]. Only one study has been conducted on the im-
pact of the food environment on persons with diabetes
[15]. Previous studies have reported poor dietary intake
[16] and higher likelihood of cardiovascular risk factors
including obesity [5,17] among youth with diabetes, des-
pite an individual-level effort for diabetes management
(such as medical nutrition therapy). Furthermore, the
findings on lower availability of recommended foods
such as whole grains, fruits, vegetables etc. for those
with diabetes in low-income minority neighborhoods as
an environmental barrier/predictor of meeting dietary
recommendations for reducing diabetes complications
and maintaining good health [18], suggest some causal
link. However, the associations still need to be clarified
given the dearth of data among population with
diabetes.
One of the major concern of previous research asses-

sing the influence of the built food environment is the
characterization of the food environment, which has
largely been limited to one environmental attribute at a
time [6-8,14]. However, the availability of multiple differ-
ent food outlet types in the same neighborhood [10],
emphasizes the need for evaluation of the influence of
these various outlet types. Separate evaluation of these
food outlets can lead to false findings when the outlets
are clustered in same geographic space. Thus, we aimed
to explore the associations of accessibility and availabil-
ity of supermarkets and fast food outlets with BMI z-
score and waist circumference, in a high risk population
of youth with diabetes (type 1 and type 2 diabetes) from
South Carolina (SC). Distance to nearest food outlets
from youth’s residence represented accessibility, and
number and density of food outlets around youth’s resi-
dence represented availability and accessibility/availabil-
ity measures, respectively. We evaluated the associations
of supermarket and fast food outlet accessibility and
availability with each adiposity measure separately and
simultaneously.
Methods
Study design
Details on the SEARCH for Diabetes in Youth Study, here-
after called the SEARCH study, have been published [19].
SEARCH is a multi-center, multi-ethnic, population-based
observational study of that ascertained prevalent non-
gestational cases of physician-diagnosed diabetes in youth
aged <20 years in 2001 and continues with the ascertain-
ment of incident cases through the present. This study is
limited to the South Carolina (SC) SEARCH site,
which is one of the six clinical sites participating in
SEARCH study. The SC SEARCH site includes youth
with prevalent diabetes in 2001 (four counties) and
newly diagnosed cases in 2002 and beyond (state-
wide). Data were collected during the initial patient
survey and in-person clinic visits. Specifically, data on
anthropometric measures was collected during base-
line clinic visit for prevalent (2001) and incident
(2006) cases, and baseline and follow-up 1 visit
(12 months) for incident (2002–2005) cases by trained
and certified SEARCH staff.
Youth with diabetes who participated in the SC site

of the SEARCH study between 2001 and 2006 and
who had at least one time point of anthropometric
measures were eligible for this study. This study was
reviewed and was approved by University of South
Carolina’s Institutional Review Board.
Individual-level characteristics
Height, weight and waist circumference were measured
twice according to standardized protocols. Height was
measured using a wall-mounted stadiometer or, if a
home visit, a portable stadiometer. Weight was mea-
sured using an electronic, portable scale. Waist circum-
ference was measured just above the uppermost lateral
border of the right iliac crest following National Health
and Nutrition Examination Survey protocol.
We obtained anthropometric measures at the baseline

and two follow-up clinic visits. Age- and sex- specific
BMI z-score were then calculated using the 2000 Cen-
ters for Disease Control and Prevention (CDC) growth
chart [20] with interpolations made for youth >20 years
at the time of the measurement.
Age at in-person clinic visit, race/ethnicity, gender and

parental education were considered. Race/ethnicity was
categorized as Non-Hispanic White (NHW), African
American (AA)/others. Physician-diagnosed diabetes
was categorized into type 1 and type 2 diabetes.
Neighborhood-level characteristics
Census tract-level population for SC obtained from the
United States Census Bureau 2000 Summary File 1 (SF1)
[21] was used to calculate Census tract specific
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population density and was assigned to each youth based
on his/her tract of residence.

Built food environment data
We selected two different outlet types for our study
based on food purchase options/selections they provide
[9,10]. We defined supermarkets as large corporate-
owned franchised food stores selling groceries, including
fresh produce and meat, which differ from grocery stores
and smaller non-corporate owned food stores [6] and
included Bi-lo, Publix, WalMart, IGAs etc. Previous re-
search has shown that chain supermarkets provide a
large variety of healthful food at lower cost compared to
other food stores [22]. Fast food outlets were defined as
nationally or internationally known franchised limited
service restaurants that sell inexpensive, quickly served
foods such as hamburgers, and fried chicken [7] with
payment made prior to receiving food, and had limited
or no wait staff [23]. These outlets included Bojangles’,
McDonald’s etc.
Data on food outlets including their geocoordinates

were obtained from SC Department of Health and Envir-
onmental Control, SCDHEC (obtained in August 2008)
and InfoUSA Inc. (obtained in February 2009). Our deci-
sion of generating a comprehensive food outlet dataset
using two data sources was based on our recent valid-
ation work in SC, which showed better sensitivity and
positive predicted values (PPV) for both supermarkets/
grocery stores (sensitivity-86% and PPV-86%) and lim-
ited service restaurants (including fast food outlets) (sen-
sitivity-93% and PPV-93%) [24]. After substantial data
cleaning to remove spelling errors and duplicate entries,
we identified a comprehensive list of 686 chain super-
markets and 2,624 chain fast food outlets in SC.

Geocoding and built food environment measures
Addresses of youth with diabetes were geocoded to street
address-level using Topographically Integrated Geographic
Encoding and Referencing road files: TIGER 2000 and
2006 (obtained from the US Census Bureau) in ArcGIS 9.3
software (ESRI, Redlands,CA). The remaining addresses
were geocoded using the “World Imagery” layer in ArcGIS.
Out of a total 958 addresses, 899 had full street address in-
formation. A total of 845 (94%) with full street address
could be successfully located and assigned geocoordinates.
Three measures of accessibility and availability [25] of

supermarkets and fast food outlets for each participant
were calculated using ArcGIS 9.3 and R 2.9.1 software.
The total distance (in miles) to the nearest supermarket
and fast food outlet, representing accessibility measure,
was calculated using the shortest path along the road
network from the residential location of each participant
using network analyst extension in ArcGIS. Number of
supermarkets, representing availability measure, was
calculated in a 2-mile road network buffer from the
residential location as a reasonable driving distance. Our
study included urban to isolated rural areas, hence we also
calculated supermarket availability using urbanicity-specific
buffers (urban and large town areas: 2 miles, and sub-
urban and small town/isolated rural areas: 6 miles) follow-
ing Babey et al.[26] and used this information to conduct
sensitivity analysis (i.e. to determine if the strength of asso-
ciations of numbers of supermarkets with adiposity mea-
sures would change if we would have used considered
different buffers to represent shopping environment in
urban vs. rural environment). Fast food outlet availability
was assessed only in close proximity (1-mile road network
buffer) to the residential locations, with the assumption
that youth are more likely to walk or bike to nearby out-
lets [27]. Density of supermarkets and fast food outlets
(number per square mile), representing a combination of
accessibility/availability measure, was estimated at youth’s
residence by the Gaussian kernel density estimation
method following 2 steps procedure: first a smoothed map
to represent densities of outlets was generated. Band-
widths of 6-mile and 1-mile were selected as optimal
bandwidth to generate the density surface for supermar-
kets and fast food outlets, respectively. The densities of
food outlets for youth were then estimated by overlaying
their residence locations on the kernel density map.

Statistical analysis
We used generalized estimating equations (GEE) analyses
to quantify the associations of the food environment mea-
sures with adiposity (BMI z-score and waist circumference),
adjusting for the potential dependence of the measures
taken repeatedly over time on each individual. Associations
of the food environments and adiposity measures were
assessed both separately and simultaneously. All analyses
were adjusted for age at clinic visit, gender, race/ethnicity,
diabetes type, diabetes duration and cohort year. Parental
education and Census tract-level population density were
included in sequential models. We started with stratified
analyses to determine associations by diabetes type and
found similar results. Hence, we proceeded with analysis
which combined youth with type 1 and type 2 diabetes.
All statistical analyses were performed in SAS 9.2 (SAS
Institute Inc., Cary, NC, USA).
We tested the threshold effect and linearity assumption

for all three major predictor variables (distance to nearest,
number, and density of supermarkets and fast food outlets)
included in our study. For each predictor variable, we
tested for threshold effect by grouping the predictor into
quartiles. We found no evidence of threshold effect for dis-
tance to nearest food outlets and number of food outlets
in specific buffer based on the point estimates of quar-
tile categories and the associated p-values. We observed
possible threshold effect only for density of food outlets
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quartiles. We also tested for departure from linearity as-
sumption for each predictor, by introducing second-order
polynomial term (squared term) together with the linear
term of each predictor. We found no evidence of departure
from linearity for any of the predictors. Based on the results
from threshold effect and linearity assumption analyses,
we report GEE analyses results with simple continuous
terms for predictors: distance to nearest food outlets and
number of food outlets in specific buffer. Whereas, we re-
port GEE results with quartile categories for density of
food outlets.

Results
Participant profile
Table 1 presents the demographic and socioeconomic
characteristics of our study sample. Compared to youth
with type 2 diabetes, youth with type 1 diabetes were
younger (Mean age = 10.8 vs. 15.6), had lower BMI (Mean
BMI=0.6 vs. 2.15) and had lower waist circumference
(Mean waist circumference= 69.7 vs. 107.6). Furthermore,
the majority of youth with type 1 diabetes was non-
Table 1 Baseline characteristics of youth with diabetes (N= 84

Characteristics Variables All cases

Mean (SD) or % Range

Individual Age at clinic visit 11.7 (4.7) 1.2,22.7

Gender (Female) % 54.3 -

Race/ethnicity %

Non-Hispanic white 61.1 -

African American
or other

38.9 -

Highest parental
education* %

Less than High school 6.3 -

High school graduate 24.3 -

Some College thru
Associate Degree

35.0 -

Bachelors degree
or more

32.3 -

Household income* %

<$25,000 24.6 -

$25,000–49,999 21.5 -

$50,000–74,999 16.2 -

$75,000+ 20.7 -

BMI z-score 0.8 (1.1) -3.3,3.4

Waist circumference (cm) 76.3 (20.2) 43.0,159.3

Neighborhod Median household
income ($)

40,941 (13,597) 11,842, 91,459

Population density
(per sq. mile)

886.1 (1,135.2) 11.9, 12,042.9

* % does not add up to 100 due to missing information on few participants.
Hispanic white (69.8% vs. 21.0%), lived in households with
incomes of $50,000 or more (43.2% vs. 8.5%), and had
more than two-thirds parents with education beyond high
school (71.9% vs. 46.0%).
All analyses exploring the associations of accessibility

and availability of food outlets with adiposity measures
adjusted for these demographic and socio-economic
factors,
Accessibility and availability of food outlets
The average distance to nearest supermarket from youth’s
residence was 2.9 miles (average distance to nearest fast
food outlet was 2.6 miles) (Table 2). On average, the num-
ber of supermarkets for youth in 2-mile buffer around
residence was 1.1 (number of fast food outlets in 1-mile
buffers was 1.2). The density of supermarkets was 1.1 per
square mile (density of fast food outlets was 1.7 per square
mile). Distribution of food outlets accessibility and avail-
ability measures remained similar when data was analyzed
by diabetes types (Table 2).
5; type 1 diabetes: 693 and type 2 diabetes: 152)

Type 1 Diabetes Type 2 Diabetes

Mean (SD) or % Range Mean (SD) or % Range

10.8 (4.6) 1.2,22.2 15.6 (2.9) 8.2,22.7

51.7 - 66.4 -

69.8 - 21.0 -

30.2 - 79.0 -

4.8 - 13.2 -

21.2 - 38.2 -

36.6 - 27.6 -

35.3 - 18.4 -

20.6 - 42.8 -

21.6 - 21.0 -

18.5 - 5.9 -

24.7 - 2.6 -

0.6 (1.0) -3.3,3.4 2.15 (0.5) -0.07,3.1

69.7 (13.7) 43.0,121.5 107.6 (16.5) 61.2,159.3

42,249.8 (13,738.2) 11,842.0, 91,459.0 34,975.6(11,170.6) 15,232.0,72,955.0

868.5 (1,126.5) 11.9, 12042.9 966.4(1,174.9) 18.1,6,363.3



Table 2 Local food accessibility/availability measures for youth with diabetes (N=845; type 1 diabetes: 693 and type 2
diabetes: 152)

Food
outlets

Accessibility/availability
measures

All cases Type 1 diabetes Type 2 diabetes

Mean (SD) Range Mean (SD) Range Mean (SD) Range

Supermarket Distance to nearest (miles) 2.9 (2.7) 0.0, 17.4 2.9 (2.6) 0.0, 15.6 3.1 (3.1) 0.2, 17.4

Number in 2-mile buffer 1.1 (1.5) 0.0, 9.0 1.1 (1.6) 0.0, 9.0 1.2 (1.4) 0.0, 6.0

Density (number per sq. mile) 1.1 (0.7) 0.0, 2.6 1.1 (0.7) 0.0, 2.5 1.1 (0.8) 0.0, 2.6

Fast food Distance to nearest (miles) 2.6 (2.5) 0.0, 15.9 2.5 (2.4) 0.0, 15.9 2.9 (3.1) 0.2, 15.7

Number in 1-mile buffer 1.2 (2.7) 0.0, 17.0 1.2 (2.7) 0.0, 17.0 1.4 (2.7) 0.0, 14.0

Density (number per sq. mile) 1.7 (2.0) 0.0, 9.8 1.7 (2.0) 0.0, 9.2 1.8 (2.1) 0.0, 9.8
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Associations of supermarket accessibility/availability
with adiposity
No significant associations were observed between dis-
tance to the nearest supermarket and BMI z-score and
waist circumference (Table 3, Model 1–4).
Each additional supermarket within a 2-mile network

buffer was associated with a significantly lower BMI
z-score (estimated difference: -0.054, 95% CI: -0.100,
-0.008; Table 3, Model 3) even after adjusting for
individual-level covariates and population density. Simi-
larly, each additional supermarket within 2-mile buffer
was also associated with lower waist circumference;
however, the association did not reach statistical signifi-
cance. Further adjustment for fast food outlet availability
(Table 3, Model 4), and median household income of
individual’s tract (result not shown), did not attenuate
the association. The strength or magnitude of associa-
tions of number of supermarkets in specific network
buffer with BMI z-score and waist circumference
remained similar for both 2-mile buffer measure and
urbanicity-specific buffer measure (analysis with meas-
ure in urbanicity-specific buffer was performed just for
sensitivity analysis; result not shown).
Compared to the quartile with the highest number of

supermarket per square mile (supermarket density), the
last two quartiles with a lower number of supermarket
per square mile were associated with significantly higher
BMI z-score (Quartile 1: estimated difference: 0.321,
95% CI: 0.089, 0.553; Quartile 2: estimated difference:
0.281, 95% CI: 0.059, 0.502; Table 3, Model 3) even after
adjustment for individual-level covariates and population
density. For instance, for a female child of 10 years of
age with height of 54.2 inches and weight of 70.4
pounds, a lower supermarket density around residence
location was associated with about 2.8–3.2 pounds
higher weight, when compared to female child of same
age, height and weight with the highest supermarket
density around residence location. Similarly, for a female
child of 15 years of age with height of 63.7 inches and
weight of 114.9 pounds, a lower supermarket density
around residence location was associated with about
5.1–5.9 pounds higher weight, when compared to female
child of same age, height and weight with the highest
supermarket density around residence location. The
strength of associations between supermarket density
quartiles and BMI z-score got slightly attenuated after
adjustment for fast food outlet density (Table 3, Model
4), and median household income of each individual’s
tract (result not shown); and the association was only
marginally significant.
Similarly, compared to the quartile with the highest

density of supermarkets, the last two quartiles with a
lower density of supermarkets were also associated with
significantly higher waist circumference (Quartile 1: esti-
mated difference: 3.520, 95% CI: 0.992, 6.048; Quartile 2:
estimated difference: 3.753, 95% CI: 1.281, 6.226; Table 3,
Model 3) even after adjustment for individual-level cov-
ariates and population density. For instance, a lower
supermarket density around residence location was asso-
ciated with a 3.5–3.7 centimeter higher waist circumfer-
ence, when compared to residence location with the
highest supermarket density. Further adjustment for fast
food outlet availability (Table 3, Model 4), and median
household income of each individual’s tract (result not
shown) did not attenuate the association between super-
market density quartiles and waist circumference.
Associations of fast food outlet accessibility/availability
with adiposity
Contrary to our expectation, a significantly higher BMI
z-score was observed for each mile (estimated difference:
0.027, 95% CI: 0.002, 0.053; Table 4, Model 3) increase
in distance between fast food outlet and youth’s resi-
dence after adjusting for individual-level covariates and
population density. The associations remained signifi-
cant even after adjustment for supermarket proximity.
No significant association was observed for distance to
the nearest fast food outlet and waist circumference.
No significant associations were observed between the

number of fast food outlets and BMI z-score and waist
circumference of youth.



Table 3 Associations of supermarket accessibility/availability measures with BMI z-score and waist circumference in
sequentially adjusted models

Adiposity/
Supermarket
accessibility
and availability
measures

Model 1a Model 2b Model 3c Model 4d

Estimated
difference

95% CI Estimated
difference

95% CI Estimated
difference

95% CI Estimated
difference

95% CI

BMI z-score

Distance to
nearest (miles)

0.015 −0.010, 0.041 0.012 −0.014, 0.037 0.007 −0.021, 0.035 −0.031 −0.078, 0.017

Number in 2-mile
buffer

−0.057** −0.099, -0.016 −0.052* −0.094, -0.011 −0.054* −0.100, -0.008 −0.054* −0.105, -0.004

Density
(number per sq. mile)

Lowest density
(Quartile 1)

0.289** 0.096, 0.482 0.264** 0.069, 0.458 0.321** 0.089, 0.553 0.256 −0.012, 0.524

Quartile 2 0.248* 0.050, 0.446 0.233* 0.036, 0.430 0.281* 0.059, 0.502 0.232 −0.001, 0.464

Quartile 3 0.135 −0.041, 0.311 0.127 −0.048, 0.302 0.156 −0.020, 0.361 0.131 −0.060, 0.323

Highest density
(Quartile 4)

- - - - - - - -

Waist circumference

Distance to nearest
(miles)

0.126 −0.161, 0.413 0.102 −0.182, 0.386 −0.020 −0.323, 0.282 −0.312 −0.757, 0.133

Number in 2-mile
buffer

−0.419 −0.876, 0.039 −0.400 −0.863, 0.077 −0.215 −0.708, 0.277 −0.235 −0.764, 0.294

Density
(number per sq. mile)

Lowest density
(Quartile 1)

3.635** 1.416, 5.855 3.348** 1.064, 5.633 3.520** 0.992, 6.048 3.262* 0.521, 6.004

Quartile 2 3.603** 1.310, 5.897 3.612** 1.316, 5.909 3.753** 1.281, 6.226 3.442** 0.918, 5.966

Quartile 3 1.291 −0.628, 3.211 1.241 −0.681, 3.162 1.328 −0.652, 3.307 1.156 −0.861, 3.172

Highest density
(Quartile 4)

- - - - - - - -

aadjusted for age at clinic visit, race/ethnicity, gender, cohort year, diabetes type, diabetes duration.
bModel 1+ parental education.
cModel 2+ population density.
dModel 3+ fast food accessibility/availability.
p-value: *< 0.05, **< 0.01.
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Compared to the quartile with the highest fast food
outlet density, the quartile with the lowest fast food out-
let density was associated with significantly higher BMI
z-score (estimated difference: 0.246, 95% CI: 0.027,
0.464; Table 4, Model 3) after adjustment for individual-
level covariates and population density. The association,
however, became non-significant once adjusted for the
supermarket availability. No significant associations were
observed between fast food outlet density quartiles and
waist circumference.
Discussion
Findings from our study suggest that increased accessibil-
ity/availability of supermarkets may be associated with
decreased BMI z-score and waist circumference among
youth with diabetes. However, the question of whether fast
food outlets, environment considered to serve energy-dense
foods, influence adiposity remains inconclusive.
The inverse associations between number and density of

supermarkets around residence locations, and adiposity
measures were in the expected direction and in agreement
with some previous studies [6,9,10,12]. This may be due to
the availability of various options/selections of health-
promoting foods including fruits/vegetables and low-calorie
products in a competitive environment with larger numbers
of chain supermarkets, which can promote healthy dietary
intake and ultimately health outcomes. However, factors
such as individual’s food shopping skills/practices [28], and
individual’s purchasing behaviors and social perceptions
[29] can equally influence the relationships of food environ-
ment with health behaviors and outcomes.
The magnitude of threshold effects we observed with

supermarket density quartiles and adiposity measures



Table 4 Associations of fast food outlet accessibility/availability measures with BMI z-score and waist circumference in sequentially adjusted models

Adiposity/ Fast food
accessibility and
availability measures

Model 1a Model 2b Model 3c Model 4d

Estimated difference 95% CI Estimated difference 95% CI Estimated difference 95% CI Estimated difference 95% CI

BMI z-score

Distance to nearest
(miles)

0.032** 0.008, 0.056 0.029* 0.005, 0.052 0.027* 0.002, 0.053 0.052* 0.007, 0.098

Number in 1-mile
buffer

−0.015 −0.041, 0.011 −0.013 −0.039, 0.013 −0.009 −0.036, 0.017 0.002 −0.027, 0.031

Density
(number per sq. mile)

Lowest density
(Quartile 1)

0.233* 0.048, 0.419 0.209* 0.024, 0.394 0.246* 0.027, 0.464 0.136 −0.115, 0.388

Quartile 2 0.188 −0.002, 0.378 0.169 −0.021, 0.359 0.200 −0.013, 0.414 0.122 −0.101, 0.346

Quartile 3 0.056 −0.123, 0.235 0.042 −0.137, 0.221 0.060 −0.122, 0.243 0.044 −0.141, 0.229

Highest density
(Quartile 4)

- - - - - - - -

Waist circumference

Distance to nearest
(miles)

0.270 −0.030, 0.568 0.251 −0.044, 0.545 0.150 −0.162, 0.462 0.404 −0.054, 0.861

Number in 1-mile
buffer

−0.128 −0.429, 0.173 −0.108 −0.410, 0.194 0.0001 −0.310, 0.310 0.047 −0.288, 0.383

Density
(number per sq. mile)

Lowest density
(Quartile 1)

2.437* 0.137, 4.737 2.297 −0.026, 4.620 1.905 −0.737, 4.548 0.423 −2.304, 3.151

Quartile 2 2.375* 0.143, 4.616 2.270* 0.008, 4.533 1.935 −0.596, 4.467 0.900 −1.576, 3.376

Quartile 3 0.520 −1.534, 2.575 0.375 −1.695, 2.445 0.184 −1.935, 2.303 0.051 −2.070, 2.171

Highest density
(Quartile 4)

- - - - - - - -

aadjusted for age at clinic visit, race/ethnicity, gender, cohort year, diabetes type, diabetes duration.
bModel 1+ parental education.
cModel 2+ population density.
dModel 3+ supermarket accessibility/availability.
p-value: *< 0.05, **< 0.01.
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were very striking. Significantly higher weight and waist
circumference were observed for residence locations
with a lower supermarket densities compared to the
highest supermarket density locations. For instance, for
a female child of 10 years of age with height of 54.2
inches and weight of 70.4 pounds, lower supermarket
density around residence location was associated with
about 2.8–3.2 pounds higher weight, when compared to
female child of same age, height and weight with the
highest supermarket density around residence location.
Similarly, a lower supermarket density around residence
location was associated with a 3.5–3.7 centimeter higher
waist circumference, when compared to residence loca-
tion with the highest supermarket density.
The direction and magnitude of associations of super-

market accessibility/availability with both adiposity mea-
sures: BMI z-score and waist circumference further
support a promising relationship between built food en-
vironment and increasing obesity. Previous studies have
reported waist circumference as one of the best indicator
of abdominal obesity in adults[30] as well as in children
and adolescents [31]. In addition, it is also reported as a
better predictor of cardiovascular disease risk in children
[32] compared to BMI. To our knowledge, only one
study among adults has examined the relationship be-
tween fast food outlet availability and change in waist
circumference [33]. The study found that a high density
of fast food outlets was associated with significantly
increased waist circumference but only among frequent
fast food outlets users.
While our study provided a strong support for the in-

verse associations of number and density of supermar-
kets around residence locations with adiposity measures,
the associations of number and density of fast food out-
lets with adiposity measures were not significant. Fur-
thermore, contrary to our hypothesis, we found
significantly higher BMI z-score the farther the youth
resided from the nearest fast food outlet. This unex-
pected direction of the association can be attributed to
the spatial co-occurrences/clustering of both food outlet
types. Our study region showed that almost 78% of
supermarkets had one or more fast food outlets within
one-half mile of supermarket locations. Spatial co-
occurrences of multiple outlets in geographic space has
been suggested earlier [10]. Majority of individuals resid-
ing far from chain fast food outlets may also reside far
from chain supermarkets, particularly in semi-rural and
rural settings. In such instance, residents will have to de-
pend upon the local small food outlets for frequent food
purchases. Previous studies have reported fewer super-
markets and larger proportions of small stores and con-
venience stores in rural areas [34,35], which offer limited
selection and lower quality products [36,37] including
fast food items [38,39], when compared with their urban
counterparts. Hence, increased access to these types of
local food venues, which are not considered in our
study, could have attributed to higher BMI z-score
among our youth population even though they resided
far from the chain fast food outlets.
Mixed results have been reported on the influence of

fast food outlets on adiposity. Previous studies found
that the increased availability and accessibility of fast
food outlets significantly contributed to increase in BMI,
overweight or obesity [9,14,33]. However, other studies
found no associations [7,11,23]. Despite extensive evi-
dence linking fast food consumption with high energy
and fat intake, nutrient-poor food, and increased over-
weight and obesity[40]; these mixed results on the influ-
ence of fast food outlets, can be attributed to a number
of factors . Researchers have used various geographic
scales of analysis (from state to Census block group
[9,12,33,41,42]) for food environment measures. Further-
more, studies varied in terms of the anchoring point
where the fast food usage was measured. Studies among
children and adolescents used home [11,23] and/or
school [14,43] locations. Studies among adults mostly
used home [7,9,33]; only one study used both home and
work [7] locations. The one-location approach can be
unrealistic, given the possibility of use of a fast food out-
let at particular points in time and space when a person
is in need of something to eat [7]. Home, therefore, as
used in our study, may represent only one of the many
locations of fast food usage, which could explain the lack
of significant associations of fast food availability with
adiposity. Particularly, among children and youth, con-
sideration of both home and school fast food environ-
ments are important since both can equally influence
the eating behavior and hence adiposity.
Our study has several limitations. First, the addresses

are the contact addresses of the youth and may not rep-
resent the residential location. Similar to the majority of
built food environment studies, the food environment
data used in our study was collected several years after
the individual-level data were collected. It is likely that
some changes occurred in food environments during the
study period, however, these changes would most likely
be occurring independently of adiposity of our study
population and thus lead to non-differential misclassifi-
cation. One of the major concerns in previous epidemio-
logic studies exploring the impact of food environment
has been the validity of the food outlets data from sec-
ondary data sources [44]. However, our recent validation
work in SC showed better sensitivity and positive pre-
dicted values for both supermarkets/grocery stores and
limited service restaurants, when the combination of
SCDHEC and InfoUSA datasets were used [24]. Hence,
consideration of both data sources in our study would
have minimized the count error. Furthermore, for error
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in the food outlet database to bias our results, it would
have to be correlated with individual’s adiposity, which is
highly unlikely. Our study considered only franchised
grocery stores and franchised fast food outlets and did
not include other local non-chain outlets because of
high chances of misclassification (e.g. convenience stores
providing food high in sugar, salt and fat were classified
as small local grocery stores by secondary data sources).
Our study contributes to the literature in several ways.

First, we quantified the accessibility and availability of
food outlets at individual-level, an approach that has
been described as ‘cutting edge’ in built food environ-
ment study [45]. Second, we included youth from the
entire state ranging from urban to isolated rural areas.
Third, we explored the impact of food environment on
adiposity among youth with diabetes by considering two
different outlets types that provide different food purchase
options/selections. Only a few studies have explored the
associations of various types of food environments with
health outcomes among adults [9,10] and among children
and youth populations [11,43]. This two-fold approach
can be an important aspect to consider in SC and other
states which lack specific land-use zoning and are typified
by clustering of retail locations around arterial roads with
high traffic volume [46]. Fourth, our study population
included wide age range and large proportion of African
Americans. Finally, we included three accessibility and
availability measures that allowed us to capture different
dimensions of the food environment, including evaluation
of immediate proximity, variety and diversity in order to
explore their associations with adiposity.
Conclusions
In summary, our study suggests that built food environ-
ment may be an important contextual factor that signifi-
cantly influences health behaviors and outcomes among
youth with diabetes above and beyond the individual-
level risk factors. In particular, higher number and dens-
ity of supermarkets around residence location may lower
excess weight and waist circumference gain among chil-
dren and youth with diabetes, even in presence of out-
lets providing easy fast food options. Hence, efforts to
increase availability of and awareness about healthy
foods can have potential health implications. A recent
state indicator report on fruits and vegetables published
by the Centers for Disease Control and Prevention also
provides support for policy and environmental strategies to
improve fruit and vegetable availability and consumption
[47]. Particularly, efforts to promote farmers markets, and
small grocery stores and convenience stores offer fruits/
vegetables and other healthy options can be a better solu-
tions in rural areas, which have fewer chain supermarkets
[34,35].
The relationship of fast food outlet with BMI z-score
and waist circumference, however, remains inconclusive.
Contrary to our expectation, higher BMI z-score was
observed farther an individual resided from the nearest
chain fast food outlet. This association may have been a
result of lower access to health-promoting foods and
increased access to lower quality products including fast
food items, particularly in rural settings. Hence, consid-
eration of these small food venues in future studies may
help capture the total food environment exposures and
assess their influence on health behavior and outcomes.
The relationships of food environment and health

behaviors and outcomes can also be affected by factors
such as individual’s food shopping skills/practices [28]
and individual’s purchasing behaviors, perceptions of the
availability and prices of foods, and social perceptions
[29]. However, this link has not been well documented.
Hence, future studies should explore individual, social as
well as environment factors to provide a more compre-
hensive understanding of the influences of food environ-
ment on health outcomes.
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