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Abstract

Objectives Diets low in fruits and vegetables and/or high

in fast foods are associated with obesity and chronic dis-

eases. Such diets may relate to different aspects of

neighborhood food environments. We sought to evaluate if

people’s perceptions of their neighborhood food environ-

ment are associated with reported fruit-and-vegetable and

fast-food consumption.

Methods Cross-sectional analysis of a community health

survey from Philadelphia, PA and four surrounding sub-

urban counties (n = 10,450 individuals). We used mixed-

effects multi-level Poisson models, nesting individuals

within neighborhoods—i.e. census tracts (n = 991).

Results Negative perceptions of the food environment

(perceived difficulty finding fruits and vegetables, having to

travel outside of one’s neighborhood to get to a supermar-

ket, and perceived poor grocery quality) were each directly

associated with fast-food consumption (incident rate ratios

[IRRs] 1.31, 1.06, 1.20; p \ 0.001, 0.04, \ 0.001 respec-

tively), but not significantly associated with fruit-and-

vegetable consumption.

Conclusions Perceived difficulty finding or accessing

produce and high-quality groceries may support the eating

of more fast food. Neighborhoods where food-environment

perceptions are worst might benefit from interventions to

improve availability, accessibility, and quality of healthy

foods, towards shifting consumption away from fast foods.

Keywords Fruits and vegetables � Fast food �
Food environment � Multi-level models � Neighborhoods

Introduction

Diet-related diseases are among the leading causes of death

and disability in the developed world.(Michaud et al. 2001;

Mokdad et al. 2004) Cardiovascular disease and cancer

lead the list in the U.S.,(Mokdad et al. 2004) and are

contributed by other diet-related conditions such as high

blood pressure, diabetes, high cholesterol, and obesity

(American Heart Association; National Cancer Institute

2009). Such conditions are all associated with dietary

patterns high in fast foods (ready-to eat convenience items

generally rich in unhealthy fats, sodium, and/or added

sugars) and/or low in fruits and vegetables (Bazzano et al.

2003; Berkey et al. 2004; He et al. 2006; Key et al. 1999;

Pereira et al. 2005; Rolls et al. 2004; Vainio and Weider-

pass 2006).

While people’s dietary patterns may depend in part on a

host of individual factors,(Booth et al. 2001; Wetter et al.

2001) experts increasingly emphasize the importance of

local environments in shaping individuals’ dietary behav-

iors (Booth et al. 2001; Frieden 2010). Aspects of local

environments that may be particularly important include the

availability, accessibility, and quality of various foods. Food

availability, food-store and restaurant accessibility, and

overall grocery quality are characteristics of local food

environments that may influence whether residents have

predominantly healthy or unhealthy dietary patterns

(Cheadle et al. 1991; Dibsdall et al. 2003; Franco et al. 2009;
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Giskes et al. 2009; Laraia et al. 2004; Moore et al. 2009;

Morland et al. 2002; Pearce et al. 2008; Pearce et al. 2009;

Pearson et al. 2005; Zenk et al. 2009). In fact, local food

environments that are less than ideal in any of these aspects

may discourage fruit-and-vegetable consumption and/or

encourage the consumption of fast foods.

Unfortunately, past studies of local food environments

present inconsistent results with regard to fruit-and-vege-

table and fast-food consumption. For instance, with regard

to fruit-and-vegetable consumption, it is unclear if greater

access to supermarkets is associated with greater fruit-and-

vegetable consumption, (Morland et al. 2002) lesser fruit-

and-vegetable consumption, (Timperio et al. 2008) or not

associated with fruit-and-vegetable consumption at all

(Pearce et al. 2008). Discrepancies in past results may be

due in part to the use of narrow, objective food-environ-

ment measures—e.g. the presence of, or measured distance

to, specific foods or food sources,(Cheadle et al. 1991;

Franco et al. 2009; Laraia et al. 2004; Pearce et al. 2008;

Pearce et al. 2009; Pearson et al. 2005; Timperio et al.

2008) or the calculated density of stores or restaurants in

residential areas (Franco et al. 2009; Morland et al. 2002;

Timperio et al. 2008). Such objective measures are limited

because, for example, even if two neighborhoods have the

exact same number of stores, located the exact same dis-

tance from residents’ homes, if the stores in one

neighborhood do not sell fresh produce, are not near public

transportation routes, or tend to stock inferior products,

then food availability, accessibility, and quality in that

neighborhood may be very different from in the other

neighborhood where superior food-environment conditions

may exist. To better capture such differences missed by

limited objective measures, researchers have suggested

examining more subjective measures of the food environ-

ment like peoples’ perceptions (Moore et al. 2008a; Moore

et al. 2008b).

How people’s perceptions of their food environments

relate to their dietary patterns has been part of the aims of

several recent studies. These studies assessed how per-

ceptions of availability (Caldwell et al. 2009; Dibsdall

et al. 2003; Giskes et al. 2009; Inglis et al. 2008; Moore

et al. 2008b; Zenk et al. 2009) and/or quality(Giskes et al.

2009; Moore et al. 2008b; Zenk et al. 2009) of produce

relate to fruit-and-vegetable (Caldwell et al. 2009; Dibsdall

et al. 2003; Giskes et al. 2009; Inglis et al. 2008; Moore

et al. 2008b; Zenk et al. 2009) and/or fast-food consump-

tion;(Inglis et al. 2008; Moore et al. 2008b) or how

perceived fast-food accessibility relates to healthy and

unhealthy-food consumption (Moore et al. 2009). Only one

of these studies considered how each of perceived avail-

ability, accessibility, and quality related to both fast-food

and fruit-and-vegetable consumption (Inglis et al. 2008).

This study examined associations at the individual level,

neglecting potentially important neighborhood-level

effects (Inglis et al. 2008). Given a host of individual and

neighborhood-level factors that may be at play in rela-

tionships between food environments and dietary

behaviors, research in this area should ideally use multi-

level approaches. Multi-level approaches could allow elu-

cidation of whether neighborhood food environments—and

peoples’ perceptions thereof—influence dietary behaviors.

In our study, we sought to evaluate whether people’s

perceptions about neighborhood produce availability,

supermarket accessibility, and grocery quality were asso-

ciated with both fruit-and-vegetable and fast-food

consumption, controlling for both individual and neigh-

borhood-level factors. To achieve these aims, we used

mixed-effects multi-level models.

Methods

Dataset

We used data from the Public Health Management Cor-

poration’s (PHMC) 2004 Household Health Survey (HHS)

(Philadelphia Health Management Corporation 2004). The

2004 HHS used a random-digit-dialing telephone meth-

odology to reach adult respondents (C18 years of age) in

10,450 households in five contiguous counties in South-

eastern Pennsylvania. Forty-two percent of households

were in urban Philadelphia county (comprised entirely of

the city of Philadelphia); the remaining households were in

four surrounding suburban counties: Bucks, Montgomery,

Chester, and Delaware. A market research firm adminis-

tered the survey between June and September 2004.

Stratified sampling helped ensure sufficient representation

of socio-demographic subpopulations.

Many of the HHS questions come from national health

surveys (e.g. the National Health Interview Survey and

Behavior Risk Factor Surveillance System) (Philadelphia

Health Management Corporation 2004). Some HHS ques-

tions change from one biennial administration to the next.

The 2004 administration included questions about the local

food environment and dietary consumption; questions not

asked previously or thereafter.

Conceptual framework

Our conceptual framework, as described here and in the

sections below, appears in Fig. 1. By our conceptualiza-

tion, individuals’ perceptions of their food environment

reflect objective food-environment conditions (unmeasured

in this study); individuals’ food-environment perceptions

influence individual dietary consumption; the relationships

between individual perceptions and consumption are
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affected by a variety of socio-demographic factors at the

individual level; and those relationships are contributed by

both general food-environment perceptions in the neigh-

borhood (influencing individual perceptions) and

neighborhood socio-demographics (influencing both the

objective food environment and individual perceptions).

We hypothesized that the more negatively people per-

ceived their food environment to be, the more fast food

they would eat and the less fruits and vegetables they

would eat after controlling for individual and neighbor-

hood-level factors.

Primary predictors

To measure individual perceptions of the food environ-

ment—and considering these perceptions from a negative

frame—we created the following dichotomous variables

from HHS questions: Poor Availability (How easy or

difficult is it for you to find fruits and vegetables in your

neighborhood? [difficult/very difficult vs. easy/very

easy]), Poor Accessibility (Do you HAVE to travel

outside of your neighborhood to go to a supermarket?

[Yes vs. No]), and Poor Quality (How would you rate

the overall quality of groceries available in the stores in

your neighborhood? [fair/poor/absent vs. excellent/

good]).

Dietary outcomes

For dietary ‘‘outcomes’’, we created the following count

variables from HHS questions: Fruit-and-Vegetable Con-

sumption (How many servings of fruits and vegetables do

you eat on a typical day? A serving of a fruit or vegetable is

equal to a medium apple, half a cup of peas, or half a large

banana), and Fast-Food Consumption (In the past seven

days, how many times did you eat food from a fast-food

restaurant, such as McDonalds, Pizza Hut or Crown Fried

Chicken?).

Fig. 1 Conceptual framework for how perceptions of the food

environment relate to fruit-and-vegetable and fast-food consumption.

This framework provides a conceptual overview and is bounded by

available data. The figure does not include the universe of potentially

relevant factors. For instance, food-environment perceptions might

also include the price of produce or the availability or advertising of

fast foods; these relevant factors were unmeasured in our study.

Arrows show the presumed dominant direction of influence between

variables and ignore the complex relationships among and between

covariates that may also include mediation and moderation in some

cases. We hypothesized that lacking food environments—and the

negative food-environment perceptions that follow therefrom—are

associated with greater fast-food consumption and lesser fruit-and-

vegetable consumption

Perceptions of the food environment are associated with fast-food consumption 601

123



Multi-level modeling

For our primary analysis, we used multi-level mixed-

effects models (Rabe-Hesketh 2006; Rabe-Hesketh 2008)

to investigate associations between food-environment per-

ceptions and dietary outcomes, controlling for a variety of

individual and neighborhood-level factors. To define

neighborhoods, we followed the lead of other researchers

who conduct small-area food-environment studies in the

U.S.(Franco et al. 2009; Moore et al. 2008b; Morland et al.

2002) and chose census tracts (small, relatively permanent,

statistical subdivisions of State counties) (U.S. Census

Bureau - Geography Division 2000). Census tracts served

as our nesting variable. There are 991 census tracts in the

five Southeastern Pennsylvania counties, 381 of which are

in Philadelphia. We included all 991 census tracts in our

analyses.

We built six separate multi-level Poisson regression

models to assess associations between each of the two

diet outcomes and each of the three food-environment

perceptions. We also built separate multi-level logistic

models to investigate associations between the three

binary perceived-environment ‘‘predictors’’. All models

included an individual-level outcome, an individual-level

predictor, and conceptually-relevant variables at both the

individual and neighborhood level. We used face validity

of covariates (supported by past literature (Ball et al.

2006; Booth et al. 2001; Dibsdall et al. 2003; Diez-Roux

et al. 1999; Franco et al. 2009; Kamphuis et al. 2006;

Morland et al. 2002; Pearson et al. 2005; Rolls et al.

1991; Turrell et al. 2004; Westenhoefer 2005; Wetter

et al. 2001)) and statistical criteria (p \ 0.20 for bivari-

able analyses) to determine the inclusion of covariates.

Table 1 shows frequency distributions and crude associ-

ations for variables included in our multi-level regression

models (regressing diet outcomes on food-environment

perceptions).

Individual-level covariates

Covariates at the individual-level included: age, race/eth-

nicity (operationalized as Black, White, Asian, Other; and

Hispanic or not), gender, education (\ high-school grad,

high-school grad, some college, college grad, post-col-

lege), income level (\100% Federal Poverty Level [FPL],

100–200% FPL, [ 200% FPL), having children (any

children in the home), marital status (other adults in the

home), older adults (adults [ 60 years old in the home),

and household size (children, other adults, or older adults

in the home). Such socio-demographic factors have been

associated with dietary intake and/or food-environment

perceptions in past studies (Ball et al. 2006; Dibsdall et al.

2003; Diez-Roux et al. 1999; Franco et al. 2009; Kamphuis

et al. 2006; Morland et al. 2002; Pearson et al. 2005; Rolls

et al. 1991; Turrell et al. 2004; Westenhoefer 2005).

Neighborhood compositional covariates

Neighborhood-level covariates included compositional

variables, in this case variables characterizing differences

based on who lives in a neighborhood (Diez Roux 2003;

Subramanian et al. 2009). Compositional variables allowed

us to control for how living among certain kinds of

neighbors might affect an individual’s food-environment

perceptions and dietary consumption. For instance, living

in an area with a higher percentage of minorities, low-

income residents, and/or children, might affect both the

objective food environment (e.g. through higher concen-

trations of fast-food outlets (Neckerman et al. 2010)) and

neighborhood perceptions thereof. By our conceptual

framework, objective conditions and neighbors’ percep-

tions could then affect both individuals’ perceptions and

individual dietary consumption.

Compositional variables included neighborhood corre-

lates of individual-level covariates (e.g. average age and

the percent of neighborhood residents that were White,

Hispanic, not graduating from high school, living in pov-

erty, and residing in households with other adults, children,

or older adults). Compositional variables were obtained

from the U.S Census Bureau’s American FactFinder Cen-

sus 2000 Summary Files (U.S. Census Bureau 2000). These

variables were proxies for other variables that we also felt

were important to consider—e.g. social, cultural, and

environmental.(Booth et al. 2001; Wetter et al. 2001) For

instance, age and gender were proxies for social habits and

trends, race and ethnicity were proxies for cultural values

and identities, and percents living in poverty and not

graduating high school were proxies for neighborhood

deprivation and socioeconomics. Importantly, our objective

was not to develop explanatory models, nor to explore the

likely complex relationships among and between neigh-

borhood variables. Rather, our objective was to control for

the influence of neighborhood-level covariates in quanti-

fying the relationship between food-environments

perceptions and dietary intake.

Neighborhood contextual covariates

Other neighborhood-level covariates included contextual, or

derived group-level, variables. (Diez Roux 2003; Subra-

manian et al. 2009) These variables included general

perceptions of the food environment in a neighborhood, such

as residents’ average perception of produce availability. For

instance, if an individual’s neighbors generally believe it is

hard to find produce in the neighborhood, then that

impression could bias the individual both towards having an
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Table 1 Frequency distributions for variables and crude incident rate ratios for associations with reported fruit-and-vegetable consumption and

fast-food consumption (Southeastern Pennsylvania Household Health Survey 2004)

Median or

percentageb
IRR for fruit-and-veg

consumption

p value IRR for fast-food

consumption

p value

Individual-level predictors (n = 10,450 individuals)

Perceived poor produce availabilitya 4.7% 0.90 0.005 1.37 0.001

Perceived poor supermarket accessibilitya 31.6% 0.99 0.92 1.08 0.09

Perceived poor grocery qualitya 13.9% 0.91 \0.001 1.56 \0.001

Individual-level covariates (n = 10,450 individuals)

Ageb 47 1.01 \0.001 0.97 \0.001

Male 34.1% 0.83 \0.001 1.33 \0.001

Race

Black 21.4% 0.79 \0.001 1.77 \0.001

Asian 6.9% 0.89 \0.001 1.49 \0.001

Other 5.5% 0.91 0.07 1.62 \0.001

Hispanic 4.8% 0.85 0.001 1.33 0.002

Education

College grad 23.7% 0.89 \0.001 1.32 \0.001

Some college 19.4% 0.83 \0.001 1.55 \0.001

High-school grad 32.3% 0.74 \0.001 1.56 \0.001

\High-school grad 8.8% 0.63 \0.001 1.43 \0.001

Income level (poverty status)

100–200% FPL 17.2% 0.82 \0.001 1.16 0.005

\100% FPL 7.9% 0.80 \0.001 1.40 \0.001

One or more child at home 31.9% 0.97 0.07 1.29 \0.001

Other adult(s) at home 35.2% 1.08 \0.001 1.06 0.15

Older adult(s) at home 17.1% 1.06 0.002 0.78 \0.001

Contextual neighborhood covariates (n = 991 neighborhoods [census tracts])

Mean perceived poor produce availabilitya 0.00%c 0.51 \0.001 4.99 \0.001

Mean perceived poor supermarket accessa 29.2% 0.92 0.04 1.63 \0.001

Mean perceived poor grocery qualitya 10.0% 0.64 \0.001 3.40 \0.001

Compositional neighborhood covariates (n = 991 neighborhoods [census tracts])

Median ageb 36.7 1.01 \0.001 0.96 \0.001

Percent male 52.3% 0.37 \0.001 2.30 0.21

Percent White 87.4% 1.30 \0.001 0.55 \0.001

Percent Hispanic 1.8% 0.61 0.001 2.71 \0.001

Percent non-high-school grads 16.0% 0.42 \0.001 5.19 \0.001

Percent \ 100% Federal Poverty Level 7.0% 0.48 \0.001 4.03 \0.001

Percent with One or more child at home 31.7% 1.20 0.02 1.71 0.008

Percent with other adult(s) at home 27.3% 0.73 \0.001 0.99 0.95

Percent with older adult(s) at home 33.0% 0.75 \0.001 0.73 0.12

Referents for dichotomous variables were the opposite values of those listed (e.g. female for male, percent female for percent male). Referents

for categorical variables were as follows: race = White, education = post-college education, income = [200% Federal Poverty Level
a Perceived poor produce availability = reported difficulty finding produce in neighborhood, perceived poor supermarket accessibil-

ity = reported need to travel outside of neighborhood to go to a supermarket, perceived poor grocery quality = reported fair, poor, or absent

quality of groceries in neighborhood
b For age, value is median age; for other individual-level covariates and for predictors, values is percentage among individuals; for median age,

value is the median of the neighborhood-specific medians for age; for other contextual neighborhood factors and for all compositional

neighborhood factors, value is the median of neighborhood-specific percentages
c The median of mean perceived poor produce availability is 0.00% because in most neighborhoods, no residents had a negative perception of

produce availability (thus the mean of individuals’ perceptions of poor produce available within the neighborhood was zero)

IRR incident rate ratio, NA not applicable, Veg vegetable, Access accessibility
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exaggerated perception of neighborhood fruit-and-vegeta-

ble deficiency and towards consuming fewer produce due to

a defeatist view about finding them. To define general

neighborhood perceptions, we aggregated individual per-

ceptions to the neighborhood level, calculating the simple

proportion of survey respondents having a negative per-

ception by neighborhood. Negative perceptions included

any perceived difficulty finding fruits and vegetables, having

to travel outside the neighborhood to get to a supermarket,

and reporting fair, poor, or absent grocery quality.

Statistical analysis

No variable had greater than 1.5% missing observations,

and most had less than 1% missing observations. Hence,

we did not perform imputation and missing observations

were left out of the regression analyses.

We used STATA SE (version 11.0, 2009, StataCorp LP,

College Station, TX) for all statistical analyses. For mixed-

effects multi-level models, we used xtpoisson for Poisson

regressions and xtlogit for logistic regressions. We report

incident rate ratios (IRRs) from Poisson models, and odds

ratios (ORs) from logistic regression models, both of which

derive naturally by exponentiating the beta coefficients in

the respective regressions. We also report corresponding

95% confidence intervals and/or p-values for all statistical

ratios (i.e., IRRs and ORs).

Results

Respondents had a mean Fruit-and-Vegetable Consumption

of 2.8 daily servings, with a 1–99 percentile range of 0–9

servings. About 4% of respondents reported eating no fruits

or vegetables on a typical day, with only 15.6% of individ-

uals reporting five or more typical daily servings. This level

of fruit-and-vegetable consumption is likely lower than that

for Pennsylvania as a whole (where 35.5% of adults eat two

or more daily servings of fruits, and 25.1% eat three or more

daily servings of vegetables) and the U.S (where the per-

centage of adults eating C2 daily servings of fruits and C3

daily servings of vegetables are 32.5 and 26.3% respec-

tively) (Centers for Disease Control and Prevention 2010).

Respondents had a mean Fast-Food Consumption of 0.77

times in the past seven days, with a 1–99 percentile range of

0–7 times. About 33.5% of individuals reported eating fast

food 1 or 2 times in the past week, whereas 58.7% reported

eating no fast food in past week.

Table 1 shows frequency distributions for other vari-

ables included in multi-level models. Respondents were

mostly of middle age, women, White, non-Hispanic, high-

school graduates, with incomes [ 200% Federal Poverty

Level, and living alone. Only a minority of respondents had

poor perceptions of their neighborhood food environments,

and most respondents lived in neighborhoods where fellow

residents generally shared their food-environment percep-

tions. Overall, demographics of neighborhoods mirrored

demographics of individual respondents.

Table 1 also shows crude IRRs between variables inclu-

ded in multi-level models and the two diet outcomes. Greater

fruit-and-vegetable consumption and lesser fast-food con-

sumption were associated with respondents who were—and

neighborhoods that were substantially—older, female,

White, non-Hispanic, better educated, not poor, and with

more-positive perceptions of produce availability, super-

market accessibility, and grocery quality. Living with other

adults, older adults, and children showed mixed associations.

Table 2 shows results from multi-level models. Despite

statistically significant crude associations, after controlling

for individual and neighborhood-level factors, there were

no meaningful associations between the perceived food-

environment variables and Fruit-and-Vegetable Consump-

tion (Models 1–3). Conversely, there were statistically

significant relationships between all perceived food-envi-

ronment variables and Fast-Food Consumption (Models

4–6). In fact, for individuals in the five Southeastern

Pennsylvania counties, negative perceptions of produce

availability, supermarket accessibility, and grocery quality

translated to a 31, 6, and 20% greater number of times

consuming fast food during the past week respectively

(p \ 0.001, 0.04, \ 0.001). Given the level of fast-food

consumption in our sample, having a negative food-envi-

ronment perception could equate to eating fast food up to

12.4 more times per year (or more than one additional time

per month) on average in our sample.

In re-running all models for each of the five counties

separately, values did not differ meaningfully from the

five-county aggregate values; nor was there a substantive

difference between urban and suburban counties (data not

shown). Most neighborhood-level covariates were signifi-

cantly associated with Fast-Food Consumption in models.

Re-running models without neighborhood-level covariates

(i.e. running exclusively individual-level models) resulted

in point estimates for IRRs that were slightly higher than

those obtained in full multi-level models (data not shown).

Full multi-level models evaluating associations between

‘‘predictors’’ (the three negative perceptions of the food

environment; all dichotomous variables) showed each was

highly associated with the others (ORs 3.42–8.31, p \ 0.001

for all).

Discussion

Our study used multi-level modeling to demonstrate asso-

ciations between people’s perceptions of their food
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environment and specific dietary consumption, controlling

for a host of relevant individual and neighborhood-level

factors. Specifically, we showed that perceptions of poor

produce availability, poor supermarket accessibility, and

poor grocery quality were each associated with greater

consumption of fast foods in five Southeastern Pennsyl-

vania counties (one urban and four suburban counties). Our

analyses also showed that perceptions of three different

aspects of the food environment were all highly associated

with each other.

Other studies have demonstrated relationships between

the perceived food environment and dietary patterns in the

U.S. (Caldwell et al. 2009; Moore et al. 2009; Moore et al.

2008b; Zenk et al. 2009) and other countries (Dibsdall et al.

2003; Giskes et al. 2009; Inglis et al. 2008). Yet few studies

have used multi-level approaches (Caldwell et al. 2009;

Giskes et al. 2009; Moore et al. 2008b; Zenk et al. 2009)—

often considered the gold standard for quantitative

assessments as these approaches incorporate the complex

influences of both individual factors and environmental

contexts that may influence individual behavior (Diez-

Roux 1998; Subramanian et al. 2009). Among multi-level

studies, two studies support that positive food-environment

perceptions are associated with greater fruit-and-vegetable

intake (Caldwell et al. 2009; Moore et al. 2008b). A third

study, like ours, found little evidence for such an associa-

tion (Zenk et al. 2009). A fourth had mixed results (Giskes

et al. 2009). Discrepancies between studies may be par-

tially due to differences in included covariates. Indeed, in

our unadjusted analyses, fruit-and-vegetable consumption

was strongly associated with both produce availability

and grocery quality (associations that disappeared with

adjustment for individual and neighborhood-level factors).

Discrepancies between studies may also be contributed by

different measures of both food-environment perceptions

and dietary consumption, and different populations under

study. Future research should build on nascent work to

incorporate both self-report and objective data into more

robust, reliable, and generalizable measures (Freedman and

Bell 2009; Moore et al. 2008a; Moore et al. 2008b).

In spite of different measures though, prior literature

consistently shows that more-positive perceptions of heal-

thy-food availability and/or quality are associated with

lesser consumption of unhealthy items like fast food (Inglis

et al. 2008; Moore et al. 2008b)[Lucan et al. unpublished

data]. Our results reinforce these associations from a neg-

ative frame: in our study, all three negative perceptions of

the food environment were associated with greater fast-

food consumption. Our results also suggest the importance

of multi-level consideration, as neglecting neighborhood-

level factors could overestimate relationships between

food-environment perceptions and dietary intake.

Of the three food-environment perceptions we assessed,

perceived accessibility to supermarkets was the least

strongly associated with fast-food consumption (and the

only perceived-environment measure not strongly associ-

ated with either dietary outcome in unadjusted analyses).

Modest and borderline-significant association may have

been due to missed effect modification. For example,

needing to travel outside of the neighborhood to get to a

supermarket may only promote eating of fast food if

individuals do not have access to transportation and are

thus ‘‘forced’’ to eat whatever is immediately available.

Unfortunately, our data did not allow us to fully explore

Table 2 Multi-level Poisson models investigating associations among and between negative perceptions of the food environment and reported

dietary consumption for individuals (n = 10,450) nested in census tracts (n = 991) (Southeastern Pennsylvania Household Health Survey 2004)

Model Outcome Predictor IRR 95% CI

1 Fruit-and-veg consumption Poor produce availability 0.99 0.93–1.06

2 Fruit-and-veg consumption Poor supermarket accessibility 1.01 0.98–1.04

3 Fruit-and-veg consumption Poor grocery quality 1.01 0.97–1.05

4 Fast-food consumption Poor produce availability 1.31 1.19–1.45**

5 Fast-food consumption Poor supermarket accessibility 1.06 1.00–1.11*

6 Fast-food consumption Poor grocery quality 1.20 1.12–1.28**

Each model included the listed predictor (e.g. an individual’s perception of produce availability), the corresponding contextual variable at the

neighborhood level (i.e. the average perception of produce availability within the neighborhood), individual-level sociodemographics (i.e. age,

race, ethnicity, gender, education, income, household cohabitants), and neighborhood sociodemographics (i.e. median age, percent male, percent

White, percent Hispanic, percent not graduating high school, percent in poverty, and percent of households with more than one adult, any

children, or any older adults)

Fruit-and-veg consumption = reported servings of fruits and vegetables eaten on typical day, Fast-food consumption = reported times eating fast

food in past week, Poor Produce availability = reported difficulty finding produce in neighborhood (difficult/very difficult vs. easy/very easy),

Poor supermarket accessibility = reported need to travel outside of neighborhood to go to a supermarket (yes vs. no), Poor grocery quality =

reported fair, poor, or absent quality of groceries in neighborhood (fair/poor/absent vs. good/excellent), IRR = incident rate ratio, CI = confidence

interval

* p value 0.044, ** p value \ 0.001
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this possibility. However, a subset of our sample (tho-

se [ 60 years) answered a question about transportation

problems getting to a doctor’s appointment in the past year.

Among those reporting a need to travel outside of their

neighborhood to get to a supermarket, those also having

transportation problems (i.e. trouble getting to a physi-

cian’s office) ate disproportionately more fast food than

those who did not.

When comparing the need to travel to get to a super-

market with the other distinct aspects of the food

environment measured in our study (i.e. produce avail-

ability and grocery quality), each was very strongly

associated with the others. These associations suggest that

a single question about perceptions may provide greater

efficiency in future studies involving subjective food-

environment assessments (particularly for produce avail-

ability and grocery quality which may not suffer from the

same problems of effect modification discussed above).

The strengths of our study include considering rela-

tionships among and between three separate measures of

the food environment, and two specific kinds of dietary

intake, in a large, urban and suburban, five-county sample.

We also adjusted for potentially relevant covariates not

considered in prior studies (Caldwell et al. 2009; Giskes

et al. 2009; Moore et al. 2008b; Zenk et al. 2009) (such as

the presence and age of household members), and used a

multi-level approach that included control for both con-

textual and compositional factors in neighborhoods.

Potential limitations of our study relate to the use of a

single-year, June–September telephone survey. First, due to

the cross-sectional design, we are unable to make causal

conclusions. While it is likely that food environments

influence peoples’ dietary behaviors, the reverse may also

be true (Franco et al. 2009); that is, dietary behaviors may

shape the quality and quantity of foods and food sources in

neighborhoods. For example, if there is high consumer

demand for fast food in a neighborhood, such demand could

conceivably select against the establishment of stores selling

fresh-produce there (and thus there would be an association

between poor supermarket accessibility and high fast-food

consumption as found in our study). Second, as with all

telephone surveys there is the potential for sampling bias—

e.g. from differential non-response and under- or over-rep-

resentation of certain groups. Stratified sampling helped

guard against such bias, although compared to census

averages for the five Pennsylvania counties in our study—

and to the U.S. population as a whole—our sample was

over-represented by women, minorities, and older respon-

dents (U.S. Census Bureau 2000) and likely ate fewer daily

fruits and vegetables (Centers for Disease Control and

Prevention 2010). Thus, while our findings are suggestive,

they may not be generalizable to other populations. Third,

our findings might also not be generalizable to other times of

the year. Given our data derived from a survey that occurred

mostly during summer months, consumption and percep-

tions could have conceivably been different than in other

seasons.(Giskes et al. 2007; Kamphuis et al. 2006) Fourth,

the range and completeness of survey questions limited our

analysis. Unfortunately, there were no survey questions

about potentially important food-environment issues like

the availability of fast food (Moore et al. 2009) or the per-

ceived affordability or advertising of different food items

(Grier and Kumanyika 2008). Also, we were are not able to

determine if on the occasions when people ate food from a

fast-food restaurant, if any of that food was produce (e.g.

fast-food salads or pre-cut fruit). Given we found no asso-

ciations between people’s food-environment perceptions

and their typical daily produce consumption, it is highly

unlikely that found associations to times eating fast food in

the past week were in fact due to fruits and vegetables

consumed from fast-food restaurants (as opposed to more

typical high-fat, high-calorie, high-salt, high-sugar fare).

Fifth, we relied on single items for ‘‘predictor’’ and ‘‘out-

come’’ measurement that, while perhaps not as precise or

nuanced as multi-item instruments, were efficient for

examining differences at distributional extremes as was our

aim. Using multi-item instruments may have resulted in our

finding statistically significant associations between per-

ceptions of the food environment and fruit-and-vegetable

consumption as prior studies, our crude results, and intuition

would support. Finally, we used census boundaries to

delineate neighborhoods. Such delineation has precedent,

(Franco et al. 2009; Moore et al. 2008b; Morland et al. 2002)

but survey respondents may not have actually viewed their

‘‘neighborhoods’’ as bounded by census lines. While a few

census tracts overlap exactly with established neighbor-

hoods in Philadelphia, other census tracts are somewhat

smaller or larger than defined neighborhoods (Philadelphia

City Planning Commision 2004). Potential discrepancy in

definitions of neighborhoods could have introduced impre-

cision in our estimates. However, given that our results were

either highly statistically significant, or near-definitively

null, we doubt that the magnitude of this imprecision would

meaningfully alter our findings.

In spite of limitations, the results of our study clearly

show that how people perceive the food environments in

their neighborhoods is associated with what they eat. Per-

ceived difficulty finding or accessing produce and high-

quality groceries may encourage the eating of more fast

food, but may not further reduce produce consumption in

populations already typically eating few fruits and vege-

tables. If perceptions align with objective conditions, then

neighborhoods where perceptions are worst may offer

targets for food-environment modifications—i.e. interven-

tions designed to improve availability, accessibility, and

quality of healthy foods towards shifting consumption
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away from fast foods. Future research should examine the

relationships between people’s perceptions and objective

measures, making use of longitudinal data and natural

experiments to assess how changes in the food environment

may lead to changes in fruit-and-vegetable and fast-food

intake. Such research could provide greater insight into

how neighborhood food environments may influence

individual dietary behaviors, and how environments may

be modified to improve people’s diets and public health.
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