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ABSTRACT
Background: A consistent body of research has shown that the
neighborhood food environment is associated with fruit and vege-
table (F&V) consumption and obesity in deprived neighborhoods in
the United States. However, these studies have often neglected to
consider how transportation can moderate associations between
food accessibility and diet-related outcomes.
Objective: This study examined associations between distance to
primary food store, fruit and vegetable consumption, and BMI and
whether mode of transportation to the primary food store moderates
this relation.
Design: Cross-sectional data from the baseline wave of the
Philadelphia Neighborhood Food Environment Study were used.
A telephone survey of adult ($18 y of age) household primary food
shoppers residing in 2 Philadelphia neighborhoods was conducted
(n = 1440).
Results: In a bivariate linear regression analysis, distance to pri-
mary food store did not predict F&V consumption (b = 0.04; 95%
CI: 20.00, 0.09). Linear regression analysis stratified by transpor-
tation mode to the main F&V store showed no difference in F&V
consumption between car, public, and multimodal transportation
users. Compared with respondents using multimodal transportation,
those using public transit had a significantly lower BMI (b =21.31;
95% CI: 22.50, 20.10), whereas those using an automobile did not
(b = 20.41; 95% CI: 21.36, 0.54).
Conclusions: The assumption that using an automobile to access
food stores results in increased F&V consumption was not con-
firmed. Significant associations were found for the relation between
transportation mode and BMI. Theory-based mechanisms explain-
ing relationships between the primary transportation mode used to
access food stores and BMI should be further explored. Am J
Clin Nutr 2013;97:167–72.

INTRODUCTION

Diets rich in fruit and vegetables (F&Vs) play an important
role in the prevention of chronic diseases such as obesity, heart
disease, and some cancers (1). Health promotion initiatives to
increase intakes of F&Vs have traditionally been focused on the
individual, but in recent years a consistent body of research
has shown that the neighborhood food environment may be an
important determinant of F&V consumption in the United States
(2–6). Low-income neighborhoods and neighborhoods with high
proportions of African Americans have been found to have
poorer physical access to F&Vs, and residents of these areas

may have higher rates of obesity and diet-related chronic disease
(2, 7, 8). However, recent longitudinal studies do not support this
relation and suggest that other mechanisms may influence the
hypothesis that limited access to F&V consumption is related to
obesity (9, 10).

Studies investigating the role of the neighborhood food en-
vironment on diet do not usually consider the influence of
transportation on food accessibility. A small body of research has
begun to examine the interaction between access to healthy food
and transportation in predicting healthy eating or diet-related
chronic disease outcomes (11–15). Auchincloss et al (11)
showed that the association between access to healthy food and
insulin resistance was stronger for those who did not own an
automobile and shopped within walking distance of their home
than for those who owned a car and shopped further away. Burns
and Inglis (12) found that areas of lower socioeconomic ad-
vantage had closer access to fast-food outlets and that access to
healthy food was primarily dependent on owning an automobile.
Inagami et al (14) found that respondents with greater access to
fast food and who did not own vehicles weighed 1.2 kg more
than did those residing in the same areas who owned a motor
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vehicle. The limited literature therefore suggests that motor
vehicle ownership may buffer the effect of poor access to high-
quality neighborhood food environments. In this study, we ex-
tended this work by examining associations between distance to
primary food store, F&V consumption, and BMI and by de-
termining whether the mode of transportation respondents used to
access their primary food store moderated these associations. We
also conducted a sensitivity analysis in a subsample of respondents
by examining associations between distance to primary F&V
store, F&V consumption, and BMI and by determining whether
the mode of transportation respondents used to access their pri-
mary F&V store moderated these associations.

SUBJECTS AND METHODS

Study population

Cross-sectional data from the baseline wave of the Phila-
delphia Neighborhood Food Environment Study were used. This
study is a controlled before-and-after study of how changes in the
local food environment affect dietary habits in 2 predominantly
African American neighborhoods in Philadelphia. A baseline
telephone survey of residents in these 2 neighborhoods was
conducted in 2006. Respondents were contacted with a pre-
notification letter along with a cash incentive of $1. After the
prenotification letter was sent, a telephone survey was completed
with the primary food shopper of the household, which elicited
responses to questions relating to diet, psychological well-being,
perceptions of food access, food shopping behavior, trans-
portation, and a range of sociodemographic data. To be eligible
for the study, households were required to be located in either of
the 2 neighborhoods and to have one primary food shopper 18 y
of age or older residing within the home. Respondents received
$20 for participation. Approval for the study was secured from
Pennsylvania State University’s Office of Research Protection
(Institutional Review Board no. 34283).

The final study sample included 1440 respondents. The re-
sponse rate [response rate no. 2 defined by the American As-
sociation for Public Opinion Research (16)] was 47.2%. The
sample eligible for analysis in the current study consisted of 1266
respondents (87.9% of the final sample of 1440); those with
missing address information for their primary food store or BMI
data were excluded. The final sample for analysis did not differ
from the eligible sample on key variables, including daily F&V
consumption, distance to the primary food store, and modes of
transportation. Sensitivity analysis was conducted on a sub-
sample of 933 respondents whose primary food store was their
primary F&V store.

Measures

Primary outcomes were total portions of F&V consumption
per day and BMI. F&V consumption was assessed by using the
Block food-frequency questionnaire (FFQ) (17, 18). This tool
captured the consumption of 10 fruits and 12 vegetables over the
past month. Standardized algorithms were used to compute the
total daily F&V consumption (19). The Block FFQ has good
concurrent validity when compared with dietary records (20).
Consistent with past research, and to limit the influence of
outliers, the Block FFQ was truncated at 15 F&Vs per day in

these analyses (21). BMI was calculated by using the standard
equation for adults [weight (kg)/height (m)2] based on self-re-
ported height and weight.

The primary exposure variables were road network distance
(km) and mode of transportation to the respondent’s primary
food store. Primary food store was measured by asking the main
household food shopper “what is the name and location of the
main ‘store’ where you do your major food shopping?” Re-
spondents were subsequently asked “Is your primary food store
the same store that you buy most of your fruit and vegetables
from? Most (73.5%) of the analysis sample used their primary
food store to purchase their F&Vs. If the respondents were
unsure of the precise address, they could provide store names
and intersections, which were matched by using the Geographic
Information System based on a listing of all commercial and
publicly available data for known store names and addresses in
Philadelphia. Distance was operationalized as a road network
distance between the respondent’s home and primary food store.
Mode of transportation was ascertained by asking the respondents
“What mode of transport do you use for the major shopping trip”?
The respondents had the option of ticking more than 1 of 7
possible responses: car/van/truck (own), car/van/truck (other
family/friend), taxi, bus (public transportation), bicycle, walk, or
other. Transportation mode was operationalized as a 3-category
variable representing automobile (own or other family/friend,
taxi), public transit, or multiple modes. The sociodemographic
covariates were age, sex, race (white, black, other), household
income ($$40,000 or ,$40,000), employment (full-time or not
full-time), household size (number of people residing in the
household), and education (.high school or ,high school).

Statistical analysis

The analyses were conducted by using Stata version 12 (22). A
descriptive analysis was conducted for all of the variables. Bi-
variate linear regression examined the relation between all
variables, F&V consumption, and BMI. After bivariate analysis,
distance to the primary food store, transportation mode, and
relevant covariates were entered in 2 separate linear regression
models predicting F&V consumption and BMI. The potential
effect modification of transportation mode between the distance
to primary food store, F&V consumption, and BMI was tested by
using linear regressions predicting F&V consumption and BMI
stratified by transportation mode (23). Multivariable analyses
controlled for clustering at the census tract level.

The F&V consumption variable was positively skewed. To
ensure that results were robust, regressions were also conducted
by using square root transformed F&V consumption. b Values
and CIs from all analyses using transformed data were similar
and did not change the interpretation of the results. For ease of
interpretation, untransformed results are presented. The mode of
transportation variable was asked with respect to the primary food
store and not the primary F&V store. For completeness, we con-
ducted a sensitivity analysis that examined associations between
distance to primary F&V store, F&V consumption, and BMI.

RESULTS

The descriptive results for all variables are presented in Table
1. The sample was predominately female (78.4%) and black
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(85.9%). The mean (6SD) distance to the primary food store
was 3.6 6 3.08 km, and 60.5% of the sample used a car as their
primary mode of transportation to their primary food store. Most
(89.9%) of the trips to the primary food store originated from
home. The mean BMI was 29.4 6 6.9.

The unadjusted and adjusted regression models with F&V
consumption and BMI as separate dependent variables are pre-
sented in Table 2. In the bivariate analysis, distance was not
associated with F&V consumption (b = 0.04; 95% CI: 20.00,
0.09). In both the bivariate and multivariable analyses, no dif-
ference in F&V consumption was found between car, public,
and multimodal transportation.

The adjusted results from the linear regressions with F&V
consumption and BMI, as separate outcomes stratified by mode
of transportation, are shown in Table 3. Distance was not sig-
nificantly associated with F&V consumption for any mode of
transportation. Automobile users with a high school education or
less eat nearly one fewer portion of F&Vs per day (b = 20.84;
95% CI: 21.37, 20.31). For those using public transportation,
no significant associations were found between distance to pri-
mary food store or sociodemographic characteristics and F&V
consumption. Automobile use was significantly associated with
BMI for blacks (b = 3.77; 95% CI: 2.57, 4.96) or “other” race
(b = 3.39; 95% CI: 1.04, 5.74). Automobile users who were not
employed full time had a significantly lower BMI (b = 21.24;
95% CI: 22.04, 20.45). Respondents using public trans-
portation to the primary food store had higher BMIs if they were
female (b = 2.71; 95% CI: 1.50, 3.92) or black (b = 5.55; 95%
CI: 1.10, 10.00). Multimodal transportation users had signifi-
cantly higher BMIs if they were black (b = 4.41; 95% CI: 2.67,

6.15) or “other” race (b = 5.34; 95% CI: 1.90, 8.78). However,
multimodal transportation users who were not employed full time
had significantly lower BMIs (b =22.26; 95% CI:24.55,20.02).

Results of the sensitivity analyses are presented elsewhere (see
“Supplemental data” in the online issue). b Values and CIs were
similar to the results of the analyses with primary food store
used as the exposure variable and did not change the inter-
pretation of the results.

DISCUSSION

The objective of this study was to examine associations be-
tween mode of transportation to the primary food store and
a proximal (F&V consumption) and distal (BMI) outcome and
whether distance to the store moderated this relation. Results
suggest that access (operationalized as distance to primary food
store) was not related to F&V consumption in the 2 sampled
neighborhoods. This is contrary to past cross-sectional studies in
the United States, which showed that poor access is related to
F&V consumption (24, 25) but is consistent with recent longi-
tudinal studies (9, 10).

The analyses showed nonsignificant associations between
mode of transportation to the primary food store and distance in
predicting F&V consumption. Interestingly, similar to past re-
search, those using public transit had a mean BMI 1.2 units lower
than that of those using multiple modes of transportation and
a mean BMI 0.8 points lower than that of those using automobiles
as their mode of transportation to their primary food store. F&V
consumption was not significantly negatively related to BMI (11–
15). The results of the stratified analyses examining effect mod-
ification suggest that automobile and multimodal transportation to
the primary food store are associated with a higher BMI for the
lowest socioeconomic groups, except for respondents who were
not employed full time. Significant positive associations between
BMI and being not black or white and having less than a high
school education for automobile and multimodal transportation
are not present for public transportation.

Given that the results for the outcomes F&V consumption
(proximal) and BMI (distal) are not consistent, potential explan-
atory mechanisms are unclear. Past research using outcomes such
as BMI and insulin resistance suggests that access and automobile
ownership may be protective of health because automobile owners
are better able to access healthy food, and this access results in
a reduction in BMI (14, 26). However, the current study did not
confirm the hypothesized pathway, ie, that automobile use in-
creases access to foods, which results in an increase in F&V
consumption and a subsequent reduction in BMI. This suggests
that other mechanisms may explain the relation between trans-
portation, distance to food store, and BMI. A plausible explanation
is that automobile users are less physically active; however, this
explanation could not be tested because detailed physical activity
data were not available. Further analysis should test theory-based
pathways that could explain the relation between access to food,
mode of transportation, and BMI (how automobile use and
multimodal transportation may increase detrimental associations
between socioeconomic variables and BMI). In addition, future
research should include a more diverse set of neighborhoods to
improve the generalizability of findings and consider how both
network distance and estimated travel times by different modes of
transportation may influence access to healthy food.

TABLE 1

Descriptive statistics for a sample of 1266 respondents residing in 2

Philadelphia neighborhoods

Value

BMI (kg/m2) 29.35 6 6.881

Fruit and vegetables (servings/d) 3.64 6 2.57

Distance (km) 3.59 6 3.08

Mode of transport [% (n)]

Car 60.5 (766)

Public transit 17.9 (227)

Multiple modes 21.6 (273)

Sex [% (n)]

Female 78.4 (992)

Male 21.6 (274)

Age (y) 48.95 6 16.41

Employment [% (n)]

Not full-time 65.3 (827)

Full-time 34.7 (439)

Education [% (n)]

High school or less 16.0 (203)

More than high school 84.0 (1063)

Race [% (n)]

White 8.0 (101)

Black 85.9 (1088)

Other 6.1 (77)

Household income [% (n)]

,$40,000 73.0 (924)

$$40,000 27.0 (342)

Household size (n) 1.91 6 1.75

1Mean 6 SD (all such values).
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Strengths and limitations

The strengths of the study include the use of proximal (F&V
consumption) and distal (BMI) outcomes to examine the in-
teraction between automobile use and distance to primary food
store and the use of actual mode of transportation to the primary
food store rather than a proxy such as car ownership. The most

important limitation was that approximately one-third of re-

spondents shopped at multiple locations for their F&Vs. Use of

primary food store may not have captured the dynamic nature of

food shopping and incorrectly estimated the relation between the

true environmental exposure to food stores and F&V con-

sumption (5). Limitations of the study included neighborhood

TABLE 2

Bivariate and multivariate linear regression associations between F&V consumption, BMI, distance to primary food store,

mode of transport, and sociodemographic characteristics in a sample of 1266 respondents from 2 Philadelphia

neighborhoods1

b (95% CI)

Bivariate association Multivariable association

Dependent variable: FV consumption

Distance (km) 0.04 (20.00, 0.09) 0.04 (20.01, 0.09)

Mode of transport

Multiple modes (reference) 1.00 1.00

Car 20.08 (20.04, 0.28) 20.21 (20.52, 0.09)

Public transit 20.32 (20.78, 0.12) 20.19 (20.60, 0.21)

Sex

Male (reference) 1.00 1.00

Female 0.26 (20.08, 0.60) 0.14 (20.19, 0.46)

Race

White (reference) 1.00 1.00

Black 0.34 (20.19, 0.86) 0.22 (20.28, 0.71)

Other 0.52 (20.24, 1.29) 0.55 (0.01, 1.10)*

Employment

Full-time (reference) 1.00 1.00

Not full-time 20.05 (20.35, 0.25) 20.10 (20.37, 0.17)

Education

More than high school (reference) 1.00 1.00

High school or less 20.21 (20.60, 0.18) 20.27 (20.65, 0.11)

Household income

$$40,000 (reference) 1.00 1.00

,$40,000 0.31 (20.01, 0.63) 0.22 (20.13, 0.58)

Household size (n) 0.12 (0.34, 0.20)* 0.18 (0.07, 0.29)*

Age (y) 0.00 (0.00, 0.02)* 0.02 (0.01, 0.04)*

Dependent variable: BMI

F&V consumption (servings/d) 20.03 (20.17, 20.12) 20.09 (20.22, 0.03)

Distance (km) 0.02 (20.10, 0.15) 0.04 (20.08, 0.15)

Mode of transport

Multiple modes (reference) 1.00 1.00

Car 20.29 (21.24, 0.66) 20.42 (21.28, 0.45)

Public transit 21.17 (22.38, 0.04) 21.22 (22.29, 20.16)*

Sex

Male (reference) 1.00 1.00

Female 1.94 (1.02, 2.85)* 1.37 (0.63, 2.12)*

Race

White (reference) 1.00 1.00

Black 4.89 (3.51, 6.27)* 4.19 (3.36, 5.03)*

Other 3.67 (1.67, 5.67)* 3.48 (1.78, 5.19)*

Employment

Full-time (reference) 1.00 1.00

Not full-time 20.33 (21.13, 0.46) 21.27 (22.03, 20.50)*

Education

More than high school (reference) 1.00 1.00

High school or less 1.67 (0.64, 2.67)* 1.26 (0.05, 2.47)*

Household income

$$40,000 (reference) 20.77 (21.63, 0.09) 1.00

,$40,000 20.83 (21.68, 0.02)

Household size (n) 0.24 (0.02, 0.46)* 0.31 (0.11, 0.51)*

Age (y) 0.04 (0.01, 0.06)* 0.04 (0.02, 0.07)*

1 F&V, fruit and vegetable. *P , 0.05.
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race-ethnicity and socioeconomic status being homogeneous,
which reduces generalizability. Furthermore, multiple testing
could have resulted in spurious associations, the sample size was
somewhat small for a stratified analysis, and the Block FFQ may
not include all of the culturally relevant foods of the current study
population (27). The cross-sectional design did not allow mod-
eling of changes in food store use (28). Self-reported BMI may
be prone to systematic error (29), although it has been validated
for use in epidemiologic studies of adults (30).

Conclusions

Transportation mode may not moderate associations between
distance to primary food store and F&V consumption. The hy-

potheses suggesting that the use of an automobile to access
healthy foods results in increased F&V consumption were not
confirmed in this study. However, significant associations were
found for the relation between transportation mode and BMI,
with public transportation having a small protective effect.
Mechanisms other than diet quality (such as physical activity)
may therefore explain the relation between transportation mode,
distance to grocery stores, and BMI. Alternate theory-based
mechanisms that possibly explain relations between BMI and
primary transportation mode used to access F&Vs should be
further explored.
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Black 0.49 (20.07, 1.05) 0.63 (20.64, 1.90) 20.70 (21.50, 0.10)

Other 0.79 (20.18, 1.75) 0.05 (21.60, 1.69) 0.31 (20.74, 1.37)
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,$40,000 0.20 (20.25, 0.66) 20.15 (21.76, 1.46) 0.11 (20.58, 0.80)
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Employment

Full-time (reference) 1.00 1.00 1.00

Not full-time 21.24 (22.04, 20.45)* 20.85 (23.23, 1.54) 22.26 (24.55, 20.02)*

Education

More than high school (reference) 1.00 1.00 1.00

High school or less 1.96 (20.15, 4.08) 20.44 (22.20, 1.32) 1.87 (20.41, 4.16)

Household income

$$40,000 (reference) 1.00 1.00 1.00
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1 F&V, fruit and vegetable. *P , 0.05.
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