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Abstract
Background: The food environment (FE) is being increasingly recognized as an
important and modifiable determinant afiet quality and weight statudHundreds of
FE measures exist,q@lting in a lack of comparability between studies. This is
LI NI A Odzf F NI @ LINRBOEfSYIFIGAO IAGBSY (GKFG SO fdzZ GAY:
requires valid and reliable FE measures.
Methods: A populatiorbased, stratified random sample was recruited fromitb@rn
Ontario N=49Q2 individuals within 222 households). Socidemographic data, and
seltreported weight, height and waist circumferen@&'C)were collected from
household membes. Diet quality was assessed using diet record data collected from
a subet of participants (n=1170 individuals within 690 households). The main food
shopper in each household reported perceptions of their neighbourhood FE. Seven
objedive measures characterizede FEof 421 food stores and 912 restaurants in the
study regionEuclideardistance buffers around each household were created at
250m, 500m, 1000m, and 1500m; FE scores from each measure were aggregated
within each bufferThese datasets were used to investigate three different research
issues. In Chapter 3pustructvalidity of four of the measures was examined using a

multitrait-multimethod matrix (MTMM). In Chapter 4,uttiple regression analyses
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multilevel multiple regression anags determined the extent to which perceptions

YR 202S0GAGS YSIadaNSa LINBRAONCRHRIdiety RA OA RdzF £ 4 Q
quality. In Chapter 5, ediation analyses were conducted to determine whether
NBAARSYyGaQ LISNDSLIA 2 yaen oBjective hmeastirdsand: 8 a2 OA L A2y a

outcomes.



Results: MTMM results revealed that common FE measures purportedly assessing the
same constructs may in fact be measuring different constructs, and that food
availability and food quality may not be separate and dgdtoonstructs as previously
thought. Perceptions were not highly correlated with objective FE measures.
wSaINBaaArzy FylfeasSa NBadzZ 6a NBGSHE SR GKIG Y y:
perceptions. Objective measures (notably food access and foortlaHiity

measures) predicted BMI and WC while perceptual variables did not. Mediation
analyses findings revealed that perceptions do not mediate associations between
objective measures and diet quality, BMI, or WC.

ConclusionMTMM results suggest a math effect, in that what is actually being
measured seems to differ by assessment method employed, which has implications
for research and practic&indings may support Fliciesor programs focused on
objective (rather than perceived) FE features, siolojective features better predict

weight outcomes and perceptions do not mediate these associations. Specifically,
strategies to restrict convenience store access and improve the affordability of
nutritious foods relative to nomutritious foods seem to é supported by these

findings.
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Chapter 1: Introduction to food environments



1. Introduction

tKS F22R SY@ANRYYSyl KIFa 0SSlfigthSTAYSR |
types of retail food outlets and the availability, quality, and price of different kinds of
foods, such as prepared foods, fresh produce, and other groceries, in a given
3S 2 3NJ LIK X2)pl61). Feds®l pgovineial, and territorial goverents are
interested in the effects of food environment features on the dietaghavious and
health of the population, as evidenced by the 2012 repli®asuring the Food
Environmen(3) commissioned by the Office of Nutrition Policy and Promotion at
Health Canada. Indeed, federal, provincial and territorial Ministers of Health and of
Health Promotion/Helihy Living have suggested that increasing the availability and
accessibility of nutritious foods, particularly among vulnerable populations, is a policy
intervention that may hold promise in reducing childhood obe@l)y Since healthy
diets are essential for maintaining health and preventing chronic disease, municipal

and regional governments in Canada are beginning to consider policies that would

fAYAG NBaAARSy(GaQ SELRAadNBE (2 tS&aa ydzi NRGA2dz

access to nutritious foods within food outlets. For example, several municipalities in
Quebe are considering restricting access to auriritious foods through zoning
regulations prohibiting fast food outlets from opening within walking distance of
schoolq3); Toronto Public Health is currently conducting a study to determine the
feasibility of a Healthy Corner Stores program that would increase access to nutritious
foods in underserved Toronteeighbourhoods (personal communication, Brian Cook,
Toronto Public Health).

Although governments at all levels are interested in addressing inequalities in
food environments and several jurisdictions have taken steps to implement policies or
programs aimd at improving food environments, extant research shows inconsistent
F3a20AF0GA2ya 0S06SSYy T22Rrel@tef@cultP Yy YSY (1 & I yR
outcomes, such as diet quality, weight status, and chronic dis€&$)sin part, this

is due to inconsistent food environment assessment methods, an incomplete

understanding of how different assessment methods are related, and an unclear

LA OQUdz2NE 2F K2¢ TFTAHFRSEY GKBRPUYSyédazaadaolf NBAA]



1.1 Pressing issues requiring further study
Literature reviewg5-8, 10-12) have identified several gaps, including three
pressing issues requiring further study. First, over 500 measures of the food
environment exis(13), and there is little consistency between assessment methods
in the published literature, making generalizations or comparsacross studies very
difficult. The use of inconsistent assessment methods is particularly problematic,
given that food environment policies cannot be rigorously assessed without valid and
reliable food environment measures.
Second, researchers have imsistently operationalized the relevant
geographic scale at which food environment features are hypothesized to act,
20a0dzNAy3a GKS NBflGA2YyaAaKALl oSGadafedy T22R Sy @A NI
outcomes. This is because relationships at one scale wiagxist at other scaled 4,
15). Considerations of geographic scale have important implications for policies or
programs aimed at improving food environments. For example, while the impact of
food environment characteristicsaton®$ ft S Yl & 0SS NBf SOFyid F2N NBa
related outcomes, the same geographic scale may not correspond to administrative
neighbourhood boundaries within which policy makers can act.
¢CKANRSE (GKS NBfFiIA2yYaKALl 6Si6SSy 202S00GA0S
percepions of their food environments is unclear; most studies have not found
202S0OGAGS YSIF&adaNBa (2 0S5 KAIKEELSYO2NNBE I G SR FA
althoudh perceptions have been hypothesized to mediate the association between
202S0GAGS T22R Sy JANRYY Seldied dusomat)NIBet | YR NB A AR
relationship between objective and perceived food Bomment measures is
particularly important for theory development (e.g., how are food environments
Faa20AFGSR ¢6AGK NB & Adlatey hedtRoutcdnbdvBhidia 2 ya |y R RA
ecological framework?), methodological refinement (e.g., which objectivasures

FNE Yz2ald aaNRy3dfte O2NNBflFISR 6A0GK NBaARSyildiaQ |

<,

programs (e.g., should programs focus on improwabjgctiveacceswility of

Yydzi NAGA2dza F22RaxX 2N 2y AYyONBlFraAyasNBaARSydGaqQ
will be discussed in Chapter 2, many conceptual frameworks have been presented.

The frameworks differ in terms diieoretical emphasis on different types of

constructs the categorization of different variables into different ecological levels,

3



andmechf AaYa o0& sKAOK F22R SYOANRYYSyida FNB KéLR
health. Since extant food environment literature often relies on implicit assumptions
2 3dZARS NBaSIHNDKSNBAQ OK2AO0S 2F F22R SYOJANRYY!
described in tts dissertation explicitly tes® f I y' T | y R freQuritig-ced 3 dzS a Q
conceptual mode{18)in particular with the goal of refining it, which is an important
step in this nascent field.

The research presented in this dissertation contributes to knowledge
advancement in each of these identified knowledge gaps. First, seven different
objective food environment assessment tools and one perceptual food environment
assessment tool were employed, making it possible to compare tools within the same
population. 8cond, the research uses buffer zones at different geographic scales,
ranging from 250 to 1500m, to examine how geographic scale influences construct
validity and may be differentially associated with dietated outcomes. Third, both
objective and percegual food environment variables derived from the eight different
FaaSaaySyid YSGiK2Ra 6SNB dz2aSR 2 OKINIOGSNART S |
exposures, and were compared to see which methods lend themselves to the
creation of variables that most strongly predd i NB aA RSy (GaQ RASO ljdzr t Ade.
index, and waist circumference. Finally, the research explicitly tests whether
NEAARSY(G&aQ LISNOSLIWiA2ya YSRAIFIGS GKS Faaz20Al GA2,
measures and dietelated health outcomess proposedyf Df ' y1 yR O2f t SI 3dzSa
conceptual model (18)Af 1 K2 dzZAK &aS@OSNI f &0dzRAS& AYLIX AOAGTL &
perceptions mediate associatishetween objective measures and dietlated
outcomes, no studies to date have explicitly tested this hypoth@sisthree studies
presented in Chapters 3, 4, and 5 all contribute to the refinement of Glanz and
O2fttSI3dzSaQ Y2RStzZ +a gAff ThiSreRdchDakd aSR Ay (K
LX F OS Ay Of2a$8S 02ttt 02N GA2Y ¢ Xatenti KS wSIA2Y
to ensure that findings are translated into meaningful and relevant policy messages in
a region where healthy food systems are a priofi9, 20).
1.2 Theoretical Approach and Research Aims

The field of food environment research is still in its infa@®, 21). As will
be described more fully in Chapter 2, theretideliconsistency in terms of conceptual

models upon which researchers rely to design food environment studies, develop

4



assessment methods, or identify outcomes of interest. While pofiakers are
becoming increasingly interested in food environment ingrions, certain
foundational measurement issues have yet to be fully addressed, precluding
researchers from providing solid evidence to pcliggkers to inform potentially
effective food environment interventions. This dissertation addresses severatsé th
foundational measurement issues with an eye toward informing future interventions.
This dissertation uses an ecological approach to conceptualize food
environments. Chapter 2 will describe a literature review of conceptual models of the
foodenvionmg 0 X ' yR gAff LINRPODARS 2dzaiATFTAOFIGAZ2Y F2NJ
conceptual mode{l) to inform the study design, variable selection, and statistical
tests of the research questions described in thigsertation. Figure-1 is a
NBLINR RdzOli A2y 2F Dflyl FyR O02tfSI3dz84Q Y2RSf o |
approach to categorize policy variables, environmental variables, and individual
variables that act as determinants of eating patterns. @igsertation focuses on the
communitynutrition environment (variables related to food access, such as the type
and location of food stores), theonsumemutrition environment (for example, the
availability of healthy options and withioutlet marketing),and theperceived
nutrition environment as determinants of dieelated health outcomes. Of note, the
NE&SIFNOK LINBaSY(iSR Ay GKA& RAAASNIFGAZY RSOAL
examining diet quality and weight outcomes as outcomes of inteaghier than
ceating patterng  LISANdariet$ of outcomes were examined; diet quality was used
to operationalize eating patterns, and weight related outcomes (body mass index and
waist circumference) were also considered potential outcomes of interesigh
related outcomesare determined in part by eating patterq22-24). It was therefore
expected that weight outcomes may additionally be predicted by foodrensrient
variables Certain socialemographic characteristics that have been associated with
both food environment exposures and dietlated outcomes were also included as
covariates as discussed below. Chapter 4 will directly test the hypothesized
relationship represented by the arrow between the community and consumer
nutrition environment and the outcome of interest (eating patterns for Glanz and
colleagues; diet quality and measures of obesity for the current research). Chapter 5

directly tests the hypthesized mediated effect by which objective community and



O2yadzYSNJ F22R SYy@ANRYYSyGa I FFSOG 2dzid2YSa 27
perceptions. Mediators transmit the effect of an independent, antecedent variable to
the outcome of interes{25, 26). In Figure 41, these relationships are represented by
the arrow from the community and consumer nutrition environment to the perceived
nutrition environment (exposure to mediator), and the arrow from the perceived
nutrition environment to the outcome of interest (mediator to outcome).
To overcome some of the issues identified in the extant literature, this
dissertation presents the raihale, methods, results, and implications of three
studies, and concludes with a discussion of contributions made, lessons learned, and
plans for future work. This dissertation has two main, overarching themes to which
each subsequent chapter contributekhe first theme is the construct validation of
environmental measures. Construct validity comprises both operational definitions
(how are constructs measured?) and syntactical definitions (how do constructs fit
together in a theoretical system®7). Both components of construct validity will be
addressed in the following chapters.
Thesecond overarching theme is to assess cEsgional associations
between community and consumer food environment characteristics and
YSAIKO2dz2NK22R NBaARSyidaQ RASO ljdatAade IyR 6SA:
Chapters 4 and 5 specifically ams& I+ YAY S K2g¢ F22R SYOANRYYSyda «
a1Ayée 2F NBaARSydtaod Ly 20KSNJ g2NRaz GKS NBaSH |
mechanisms by which objective food environment features may be -@ssonally
associated with dietelated outcomes. Indeed, ¢himpetus for the research
described in this dissertation is to assess these associations for the purpose of
contributing to advancing scholarship in the field anghtomoting evidencebased
policies, as will be described in detail in Chapter 6.
The nexisection provides an overview of the methods employed throughout
this dissertation; the final section outlines the structure of this dissertation.
2. Overview of Methods
The studies described in this dissertation draw on data from the NEWPATH
(Neighbourhad Environments inWaterloo RegionPdterns of Transportation and
Health) project and from primary food environment data collected for the purposes

of the studies described herein. NEWPATH recruited participants from Kitchener



(population 219,153), Camblge (population 126,748), and Waterloo (population
98,780)28), the three cities within the Region (Figure provides a map of the
Region of Waterloo)The three cities are spatially contiguous, and the Region of
2 GSNI22Qa hFFAOALFE tfly 3IdzA R&®PublicKS dzNB Iy LI I
Health Planner, Region of Waterloo, personal communication). Therefore, not only
are the three cities spatially contiguous, it is likely that given the governance
structure, they are more homogeneous in urban form than would be three cities with
different governing bodies. This has implications for the research presented here in
that variability in food environments features, which is dependent to a large extent
on urban form, is likely lower than it would be had cities in different regions,
provinces, or countries been examined. In termsesdearch findingghis fact may
mean that associations between food environment features anddiletted
outcomes are underestimated, since, if a true relationship exists, reduced variability
in an independat variable means that the full range of exposures will not have been
captured. Similar findings have been reported with walkability and physical activity
research; singleountry studies of walkability likely underestimate associations
between walkabilityand physical activity because walkability varies exponentially
more between rather than within countrig®9).

hyS 2F bo92t! ¢l Qa AYa sl a (G2 OKIFNIOGSNRIT S
and subjective aspects of built environments including walkability, physical ggctivit
dietarybehavious, and health outcomes in an urban, populatimsed sample.
NEWPATH data collection occurred in six phases between May 2009 and May 2010
(conditional response rates, the proportion of household that completed the survey
once recruitedyaried between 56% and 64% over the six phases); food environment
data were collected between May and August, 2010. The NEWPATH study received
ethics clearance from the University of Waterloo Office of Research Ethics and the
Behavioural Research Ethiasalgd at the University of British Columbia. Ethics
clearance was not necessary for food environment data collection, as no data were
collected from human participants. Tablelldescribes the variables analyzed in the
following chapters. The following disgsion provides an overview of the study,
participants and measures. Relevant statistical analyses are presented in Chapters 3,
4, and 5.



2.1 Participants

Because NEWPATH aimed to examine features of the built environment in
relation to health outcomes he sample was stratified by neighbourhood walkability,
household income and household size, with allocation to achieve high statistical
power to detect hypothesized effects of walkabilf80). Proportional sampling was
used to recruit a stratified random sample (N=4902 individuals in 2228 households)
representative of income and householdesin the study area according to 2006
Canadian census data. Although proportional sampling was employed to ensure that
the NEWPATH sample was representative of the broader study region, there were
difficulties in recruiting households into the lewcome,largehousehold, high
walkability cell. Therefore, data were additionally weighted to reflect 2006 Canadian
census data.

Households were recruited in dgoairs across all days of the week; everyone
in the household over the age of 10 years participatethe study. All analyses
presented in this dissertation were restricted to participants 19 years of age and
older, since children and youth may interact differently with the built environment
than adults(12), and the number of children and youth in the dataset was insufficient
to support agespecific analyses. Moreover, children and youth did not provide data
on education level, which was csidered a covariate in all regression analyses
(discussed below). As described in Table data used in the following studies were
multilevel, with individual data at level 1 and household data at level 2.

Participating households were recruitedtocomp S SAGKSNI I aaA YL} Sé
6O02YLX SE¢ &adzNBSe LI Ol ISP ¢KS daryYLi S¢ GSNHEHA2)
survey (which included demographic information on households and individuals) and
a paper questionnaire that included food environment perceptionthefself
identified main food shopper. All participants sedported their weight, height, and
g Aa0 OANDdzYFSNBYOS® t I NIAOALI Yyda FTNRY K2dziSK:
survey package additionally completed food records over the two days of the survey.

For the following studies, the sample comprised 4102 individuals within 2223
K2dzaSK2f Ra oHMpoH AYRADGARdAzZ f& Ay mMpoo K2dzaSK2f |
LI O1F3ST mmTtTn AYRAGARdAZrfa G6AGKAY chpn K2dzaSK2f |

package) who had corntgie data on all variables of interest.



2.2 Measures
2.2.1 Outcome variables
Diet Quality

TwoRl &8 F22R NBO2NR RIGF FNRBY Fff LI NIAOALNY
survey were used to calculate average Healthy Eating Index adapted for Canada (HEI
C) scoresyer the twoday survey31). The HEC is a comprehensive diet quality
indicator based on dietary adequacy (including the number of servings of vegetables
and fruits, whole grains, number of grams of saturated fats) and moderation
(including the proportion of eergy intake from saturated fats and sodium intake).
TheHEl NBFtSOGa /IylIRAILY F22R Ayidl 1S NBO2YYSyYyRI
and sex, and ranges from 0 to 100; higher scores represent better diet gi#)ity
Mean HEIC scores was considered a contins variable to capture even small
variations in diet quality, which may not have been captured using a more crude
categorical outcome of diet qualitifhe HELC is a stat®f-the-science measure of
diet quality given its comprehensive nature and its opieraalization of national
guidelines on healthy eating. While the HEtaptures diet quality, it does not reflect
overall caloric consumption. Therefore, it better reflects the quality of the diet (in
terms of micronutrients and certain macronutrients,tably saturated fat) rather
than the overall amount consumed.
Anthropometric measures: body mass index and waist circumference.

Body mass index (BMI) was calculated based orreyadfrted weight and
height (kg/nf). The mean of two seteported waist ciramference (WC) measures
was used to determine WC, consistent with protocol from previous research that
showed selreported WC to be a satisfactorily accurate proxy for measured32)C
Although survey respondents generally overestimate height and underestimate
weight (33, 34), estimates of health risks associated with variations inregérted
BMI are not significantly different than those assteihwith variations in measured
BMI(35). WC was additionally included as an anthropometric outcome of interest
given that it has been shown to be clinically stipeto BMI in terms of predicting
mortality risk(36).
2.2.2 Food Environment Exposures

Food Environment Perceptions



The seklidentified main food shopper in every household was asked to rate
their agreement or disagreement on gpéint Likert scale (ranging frofi=strongly
disagree to 4=strongly agree) with statements that were intended to address
resident€perceptions of foodaiccessfood availability, food quality, and food
affordability (asterisks indicate that items below were revessmred). Four
statement related to foochcces¥ G ¢ KSNB I NB y2 F22R 2dzif SGa Ay
YSAIKO2dzNK22RFET LG Aa Shaeé G2 LMNOKFaS FNBal
YSATIKO2dzNK22 Ré T a L at ploductS(sush&s |dif@ milkldzeIhK | &S 2 6
YSFEG&a0 Ay Y@ vy S Aalekadorofithski@@ restalirants ih i NB
YSATIKO2dzNK2 2 RF ¢ & ¢ KNXB Qwadalhilityi S/ S S MB NBd | i SR NRB S -
aSt SOGA2y 2F FNBaAaK FNUzZAGA |yR @S3SiéroftSa | g Af
large selection of lowat products available/i Y& Yy SAIKoOo2dzZNK22RET LG Aa
KSIFfGKAT® G GKS NBadGlFdzaNIyGa Ay Yeé yYySAIKO 2 dzNK:
affordabilityy aL aK2L) St aS6KSNE 0SOldzaS GKS LINAOSAE A\
KAIKFET a¢KS LINRRdAzOS A yenswéthayl Bat il étiee? dZNK22 R A& Y
Y SAIKO 2 dzNK 2 2-Riprodudts irinty Keighbbw#héod are more expensive
GKFYy (K2aS Ay 20§KSNJ I NBI agogitgy ¢age2K Sa (FINBSYKS y (& NI
LINE RdzOS Ay Y& Yy SAIKO 2 dzNK-apRdudtsinmg ¥ KA IK |jdzl £ A G«
YSAIKO2dINK22R | NB 2 Becdsperckptidngintere scdrédout of ¢ K SNB F 2 NB
16, availabilityperceptions were scored out of 1&ffordability perceptions were
scored out of 12, anduality perceptions were scored out of 8.

Althoughtheques A 2y a4 ©¥SNB AYGSYRSR (42 | dasSa
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four distinct constructs mentioned above, high correlations betwaecess

availabilityandqualityd O2 NB& o6/ NRyol OKQa | f LKI oFaSR 2y ai
three scores was 0.904) justifi€dK S ONB I (A 2B R21F 0 $ ¢ alLIDQS & 1A dz- €
variable;accessavailability, andquality scores were thus summed and standardized.

Perceptions of foo@ffordability were not correlated with the other three measures,

and therefore the affordability sconeas standardized on its own. The two resulting

perceptual variables were treated as continuous variables. In both cases, higher

scores represent increased agreement with statements related to improved

neighbourhood foodiccessavailability, quality, or affordability. These two

perceptual variables were used in Chapters 4 and 5; Chapter 3 made use of the
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distinct perceptions scores along each construct, since determining convergent and
discriminant validity among measures purportedly assessing differersticats was
the main objective.
Objective food environment assessment procedures
All food environment data collection tools and protocols employed in this
research are appended this dissertation (see Appendic@sF). All objectively
measured food envinament exposures are listed in Tabld 1Six observers with at
least two years of university education collected objective food environment data.
I TGSN) adzO0SaatdzZ te O2YLIX SGAYT || bdziNRGAZ2Y 9y D)
¢ NI} Ay SNE ¢ 2 Nitaied 2atels % yse theNutyitdbn Environment
Measures Survegtores (NEMS)37), the Nutition Environment Measures Survey
Restaurants (NEMB)(38), and linear shelfpeDS Y SIF ddzNBa 2F aLISOATFAO aK
Gdzy KS I f ((K4E39) listediirBTaldle 41 according to standard protocol. Training
included classroom sessions and fieldwork in food outlets, with feedback on results,
and took approximately one week until raters consistently achieved all correct
answers on measures. Dugiebriefing sessions, discrepancies were discussed and
consensus on appropriate data was reached. Decision rules were added to protocol
handbooks, which trainers took to each outlet assessment to support precision in
rating. Different raters periodicallgssessed the same outlet throughout data
collection to compare results; immediate feedback was given to limit drift from
occurring in observations. | participated in all data collection. trar reliability
was assessed using intraclass correlatiorffaments for the shelspace measure, and
ranged from a mean ICC=0.858 for canned fruit to mean ICC=0.996 for fresh
vegetables (mean ICC for all specific items assessed = 0.940).
Names and addresses of all food outlets in the three cities (Kitchener,
Canbridge, and Waterloo) were obtained from the public health inspection database
YFEAYGFAYSR o0& GKS wS3IAz2y 2F 2} (iSNI22Qa tdzofAio
NBaAGFEdZNF yi o0S®ads alO52y Il RQadll),puakBEENI YAy I I O
(e.g,SB LILISNDAa 5NM¥z3 al NIOX YR 6FNBK2dzaS Of dzo 2 NJ
randomly selected from the database to be assessed, since chains strive to maintain
consistency in menus, available products, and promotions. Every grocery store and

specialty storeand each independently owned restaurant, convenience store, and

11



pharmacy were assessed. The amounts and types of foods in grocery stores seemed
to vary by the size of grocery store (L. Minaker, unpublished observation), thus, every
grocery store was assext Stores were assessed using the NEH39), and linear
sheltd LI OS Y S| & dzNGSa 217K 8% LIS ART MI@ABYKIIStediin K& ¢ A dSYa
Table 11. In restaurants, the NEMS(38) was completed.

In total, 611 restaurants were asssed (fullservice restaurants, limited
service eating places, and drinking places). NBR\MS8ores from the randomly
selected chain restaurants were imputed into the same 301 additional chain
restaurants listed in the Public Health Inspection databaseiltiag in data from 912
unigue restaurant locations being compiled. Fesgven supermarkets and grocery
stores were assessed, 47 specialty stores were assessed, 169 convenience stores
(including those attached to gas bars) were assessed, 9 pharmaciesasgassed,
and 3 warehouse clubs open to the general public without a membership were
assessed. Approximately 11% of grocery stores and 10% of convenience stores
identified in the Public Health Inspection Database were either not applicable to the
NEMSSor sheltspace measures or were not at the address given. Four convenience
stores and one grocery store were found through direct observgd®) and were
not listed in the pblic health database. In total, assessments on 94% of outlets that
were at the location listed, open during business hours, and applicable to the food
environment assessment methods were carried out, with the highest refusal rate
among convenience storeReasons for missing data include the food outlet being
closed for renovations or that the owner or manager refused the raters access to
their establishment. A probabilitased technique was used to randomly assign
NEMSS scores and shedpace data fromhe observed stores to missing data from
similar types of stores (n=131, 31% of stores; 10% of the total number of outlets); this
procedure has been used in previous food environment rese@rh Final buffer
zone databases were based on data from 421 food stores ande812urants within
the study area. Buffer zone creation is described below.
Geographic Scale Operationalization

ArcGIS 9.1 was used to establish Euclidean distance buffer zones around
NBaLR2yRSyiaQ K2YS | RRNBaasSa 0 -HpnYX pann¥Ys wmny

describes how each variable was aggregated within each buffer zone.
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Covariates

{20A2S02y2YA0 LRaAlA2Y o0{9t 0 Aa laaz
and with food environment characteristi¢6, 17, 41-43). In the research described
in this dissertation, household income was considered low (<$35,000eae),
medium ($35,000 to $85,000 per year) and high (>$85,000 per year), based on sample
stratification. Participants reported their highest level of education reached, which
was categorized as low (highschool completion or lower), medium (some college o
university), or high (at least a university undergraduate degree completed). For the
present study, level covariates include education level, sex, and age. {2 vel
covariates include household income and car ownership, as described in Thble 1
3. Stucture of the Dissertation

The rest of thiglissertation follows @papei format, rather than a traditional
format, and includes a literature review followed by three manuscripts and a
concluding chapterChapter 2 presents findings from a comprehengteeature
review, which provides the research context for the studies presented in this
dissertation.

Chapter 3 addresses the operational component of construct validity of food
environment measures using a multitraitultimethod (MTMM) matrix approach.
Chapter 3 presents the first study to my knowledge to adapt this traditional
psychometric procedure for use with environmental constructs and measures, and
does so at a variety of geographic scales to determine whether geographic scale
influences constructalidity of environmental measures.

Chapter 4 extends the exploration of construct validity of environmental
measures by considering syntactical definitions. It does so by exploring a) how
perceived food environment constructs are predicted by objedibasl environment
measures, and b) whether objective and perceived food environment characteristics
predict diet quality, body mass index, and waistumference in a populatichased
sample. The multilevel regressions employed in Chapter 4 help to dledidav some
of the food environment characteristics hypothesized to predict-didated
outcomes fit within a conceptual food environment model.

Chapter 5 further extends the evaluation of the syntactical component of

construct validity by testing mediain of hypothesized pathways by which food

13



environments predict dietelated outcomes. Specifically, Chapter 5 presents the first
aldzRe G2 2dzNJ {y2e6f SRAS (2 SELIX AOAGEE GS&ad
GKFG NBAARSYGaQ odadddiBdnis medlighd asdationskbSiweld T 2
objective food environment characteristics and dietated outcomes.

Chapters 3, 4 and 5 are intended to be staadone papers worthy of
submission to academic journals. Chapter 6, the conclusion, is inteéndesl
dissertationspecific, and reflects on the contributions to theory, knowledge, and

practice made by the studies described in this dissertation.
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Table 11. Overview of variables used in the analyses in the following chapters

Variable Name Scale Desciption

Level 1: Individual

Outcome

Diet Quality Continuous  Operationalized as Healthy Eating Index adapted for
Canada (HET), a comprehensive diet quality score
ranging from 0 to 100, with increasing scores reflecti
GKSI t GdKASNJ RthoSeladhérig tiR S F A
/'Lyl RIQa C22R DdzARS (2 |

Body Mass Index  Continuous  Selfreported weight (kg) divided by se#ported

(BMI) height (nf).

Waist Continuous  Mean selfreported waist circumference of two

Circumference measurement participats were instructed to take.

Covariates

Sex Nominal Male, female

Age Interval t I NIAOALI yiQa 3S Ay &SI

Education level Ordinal Low (high school completion or lower), medium (at

least some possecondary), and high (at least an
undergraduate degre)

Level 2: Household

Perceptual Exposures

Accesgelated Continuous  Perceptions of the main food shopper in each

perceptions household related to neighbourhood food access,
quality and availability were standardized and
transformed using Beox tansformations to ensure
normality.

Affordability Continuous  Perceptions of the main food shopper in each

perceptions household related to neighbourhood food affordabilit

was standardized and transformed using Box
transformations to ensure normality

Objective Exposures

Distance from Continuous bS{i62N)] RA&GlFYyOS FTNRBY N

home to the nearest grocery store (km).

nearest grocery

store

Distance from Continuous bSGg2N] RA&GIl Yy GhonleRhE NI

home to the nearest convenience store (km).

nearest

convenience store

Distance from Continuous bS{i62N)] RA&GFYyOS FTNRBY N2

home to the nearest fast food outlet (km).

nearest fast food

outlet

Store intensity Continuous  The number of food stores (including gesy store,
convenience stores, pharmacies, Higx stores and
specialty stores) within a specified buffer zone.

Restaurant Continuous  The number of restaurants (including fast food outlet

intensity sit-down restaurants, buffet restaurants, and bars or

pubs that are open at least part of the day to the
general public) within a specified buffer zone.
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Table 11. Overview of variables used in the analyses in the following chapters

Diversity Interval The number of diverse types of food outlets within a
specified buffer zone.

Retail Food Continuous  The ratio of the number of fast food outlets and

Environment Index convenience stores to the number of grocery stores

(RFEI) and specialty stores.

Nutrition Cmtinuous The NEMSS tool is an inventory measure that assess

Environment specific food item availability, relative affordability of

Measures Survey regular vs. more nutritious options of specific foods,

Stores (NEMS) and the quality of fresh fruits and vegetables. The
mean NEMS subscores reléed to availability,
affordability, and quality components of all food store
within the specified buffer zone were calculated.

Nutrition Continuous  The NEMSR tool is an inventory measure that assess

Environment food access, food availability, food affordability and

Measures Survey barriers and facilitators to healthy eating in

Restaurants restaurants. The mean NEMSsub scores related to

(NEMSR) access, availability, affordability, and barriers and
facilitators to healthy eating components of all
restaurants within the specified buffer zone were
calculated.

Linear shelspace  Continuous  The linear shelépace of fresh, frozen and canned

of fruits and varieties of fruits and vegetables was measured in al

vegetables food stores. Cumulative linear slirspace of fruits and
vegetables from all food stores within a specified
buffer zone was calculated (m).

Linear shelspace  Continuous  The linear shelépace of energy dense snack foods

of energy dense (including salty snack foods, cookieslacrackers,

snack foods donuts and pastries, candy, and carbonated beverac
was measured in all stores. Cumulative linear shelf
space of energy dense snack foods from all food sto
within a specified buffer zone was calculated (m).

Covariates

Household incom  Ordinal Low (<$35,000 per year), medium ($35,000 to $85,0
per year), and high (>$85,000 per year)

Car ownership Nominal Whether or not the household owns a car

16
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Figure 11: Glanz and colleagu@nceptual model of Community Nutrition

Envronments(1).
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Figure 12: Map of the Region of Waterloo
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Chapter 2. Food environments: theory, evidence, and futulieections

Minaker, L.M., Raine, K.D., Wild, T.C., Nykiforuk, C.1.J. (Under revision). Food
environments: theory, evidence, and future directio@besity Reviews
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1. Introduction

Determinants of food choice act and interact at diffet levels to create
conditions that promote overweight and obesi#4-50). A growing body of research
focuses on identifying associations between aspects @hililt environment and
diet-related outcomeg11, 12, 49, 51-53), often with the goal of informing upstream
policy initiatives designed to improve population diet quafit¢, 54). However,
inconsistent methodologies, inadequate theoretical consideration, and overreliance
on crosssectional studies have created uncertainty with respect to the relationship
between food environmen(FE) characteristics and dietlated health outcomes,
including obesity(52). This review of conceptual models of the FE adds to this
literature by reviewing the historical context of food choice reseadi$gussing
theoretical and conceptual models of FEs, discussing the state of the science in light
of two especially relevant conceptual models, describing commsinlgied FE
characteristics, and evaluating concepts and definitionsedghbouhoods most
often used in FE literature. The paper outlines recommendations to guide future FE
research.
2. Methods

This review focuses on conceptual and theoretical underpinnings of
community and consumer food environment research as relevant terdiated
outcomes. Community nutrition environments are reflected in measures of food
access, and are distinct from consumer nutrition environments, which represent
characteristics of the FE important to consumers who have already reached their food
store or restaurant dstinations (e.g., food availability, affordability, quality, and
barriers and facilitators to healthy eatinff)). As such, reviews (both systematic and
meta-analyses) and conceptual papers related to FEacharistics were sought from
three databases (Web of Science, Scopus, and PubMed (Medline)) using the search
GSNXYayYy om0 dodaAfld SYGANRYYSY(Grpés aF22R Sy JANR)
020S4823SYyA0¢és aF22R RSASNIF 05 AGETFF2623R  |HyORO ShaHavé = «
bRASGUFbE bFERALRAAGEDHY b2oSaAiiebsy a20SaS¢3x a7FNJ
AYRSEbS a.alLéxy a02yO0OSLIifFér 6KSNB adSNRala NBI

c

searched for reviews or conceptual papers published until March 2012. Reéere

searches of relevant papers were also conducted.
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The search was restricted to reviews or conceptual papers examining at least
one aspect of community or consumer nutrition environments and their relationships
with diet-related health outcomes (e.g.,atary patterns obehavious, food
purchasing, or weightelated outcomes). The soeezonomic patterning of FEs (e.g.,
NBaSINOK 2y WF22R RSaSNIiaQ -ordddpadrshe R a gl YLIA QO
current review, as were reviews focused solely on fimsgbcurity. Criteria for
inclusion of reviews or conceptual papers were that they (1) reported a systematic
review, metaanalyses, or addressed conceptual or theoretical matters related to at
least one aspect of community or consumer food environmentselbag at least one
diet-related health outcome, (2) reported on studies conducted among humans in
developed countries and (3) were published in English. Because the interest of the
current review is conceptual and theoretical models rather than the visra€iclaims
made regarding associations between FE characteristics andethéed health
outcomes, the quality of the reviews was not assessed.

3. Results

The initial search for reviews and conceptual papers returned 663 papers.
Based on the title scapapers that focused solely on genetics or policy or program
interventions, and papers that did not focus on human populations were excluded,
which resulted in 163 reviews or conceptual models with potentially relevant titles.
Thirty-nine duplicates wereeamoved, leaving 124 for abstract reviews. The abstract
scan further reduced the number of papers for figkt review to 69. Papers that did
not directly address aspects of the community or consumer nutrition environment,
papers that addressed built envitments in relation to physical activity (to the
exclusion of dietelated health outcomes), and papers that focused on describing
interventions in the absence of research and evaluation were excluded, as were
conceptual papers that did not offer recommaeatibns for future research. Seven
additional, relevant papers were identified through reference searches of the
selected articles. Fortgine studies met the inclusion criteria and inform the current
review (27 literature reviews (six of which also incldd®enceptual models), and 22
conceptual papers). Conceptual papers were defined as articles that addressed
conceptual issues in the field but did not specify methodology related to the literature

review.
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3.1 Food Choices: From Individual to Ecologicaldpectives

Historically, theories of food choice emphasized factors influencing decisions
made by individuals. This approach rested on the premise that, given adequate
knowledge, individual consumers would forgo dietaghavious shown to be
unhealthy inorder to prevent future illnes&5). This belief pervades public opinion,
with up to 90% of Americans attributing obesity talividualbehaviouralone (56),
perhaps in part due to media coverage of obesity that emphasizes personal
responsibility and individual decision maki{a). This is important for the
development of obesityelated healthy public policies because beliefs about the
causes of obesity help determine public support of such pol{&&%59).

Contrary to public opinion, however, psychosocial factors only explain a
fraction of dietarybehavious (60). Moreover, emphasising individual responsibility
negates the role of social context in shapbehaviourand implies an artificial

separation between people and their environmei$d). Exclusively focusing on

individuatevel deS NY Ay I yda 2F RASGH ljdzrtAde aAIy2NBa oKL

behaviourand minimizes the importance of evidence about the environmental
I aal dzZ G @)p. 266. FiballyKilie abundance of individdavel
interventions and the high prevalence of appropriate tools with which to gauge their
success have not resulted in populations adopting healthier @&s
As a complement to individuddvel theories of food choice, environmental
level theories emphsize physical and social variables (see, for exar(@1eg6)).
While not exclusively concerned with food and diet, a common framework used to
characterise aspectsfo 620 Sa423SyA0¢ SYy@ANRYyYSydGa Aa GKS
environments linked to obesity) framewo(&7). In this framework, determinants of
obesityrelated healthbehavious can be categorized as physical, economic, political
or sociocultural features of settings (miel@vel) or sectors (macttevel). Advocates
2F Ly SYOG@ANBYYSy Gl f LISnNdISIO@Mme Be expecdd a Gl G SR
to have total selicontrol over their weight in an environment that promotes weight
gain by reinforcing overeating and inactivity any more than they can control their
3 Sy $68)pé 202). Environmental factors suab nearly unlimited access to highly
palatable and caloricalgiense foods, which are generally consumed in large portion

sizegq(64) are primary determinants of the dramatic increase in obesity prevalence
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over the last few decades. Other important factors thought to contribute to obesity,
from this perspective, are ardavel disadvantagés8) and place of residend@5),
GAGK RAAFROEYGF3ISR LIS2LX S o0SAy3 t@pa |

than more advantaged people.

Environmental perspectivdas @2 AR G KS aoflYS GKS @GAOGAYE

by many individualevel theories. Moreover, they are able to explain how excess
caloric consumption has increased so rapidly in the past few decades better than
individuatlevel theories. Environmentdvelinterventions may benefit the entire
population, rather than only selected individuals, and may also be more easily
sustained than individudével interventions. However, a sole focus on the
environment as the cause of caloric overconsumption ignoregatiethat not all
people within a given environment have poor diets. In other words, solely focusing on
the environment ignores human agency: the ability of people to become empowered
to resist obesogenic environments and change themmavious (70).

An ecological (or multilevel) perspective of food choices retains the strengths

of both extreme positions while avoiding many of their respective weaknesses. An

uz

a ¢

SO2t23A0If | LIINRBIFOK A& 4Gl nsfoR 27F I LIINRBF OKAYy 3

interrelationships between persons and settings, constructionist premises,

O2ftt 162N GA DS &G0, G308 driecaogidaiadel is ddfie@ O S 4 4 ¢
0KS AYR;

& al F2NXIfAT SR O2yOSLIidz- t ATFGARZY 27
of healthbehaviou | YR LJdzo f A O (BOB(p. BOB)KONE lazyife€ntire 6fa ® ¢
the ecological approach is its recognition tihahavious are influenced by

determinants within a number of different contexts, namely: intaad interpersonal
factors, community (which includes FE characteristics) agdrozational factors, and
public policieg50, 71-73).

Richard and colleagu€s0) recently argued that an ecological perspective is
appropriate for understanding dietatyehavious, and noted that the recognition of
social and environmental determinantsfoibd choice has gained momentum over
the past two decades. Although developments in the field of nutrition lag behind
those in physical activity, diet research does show signs of becoming more ecological
in orientation(44-47, 49, 50, 74, 75). In research, the last two decades have seen a

NBO2y OSLlidzt t ATl A2y 2F F22R OK2A0Sa | a
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choices as being embedded within various contexts. Importantly, determinants at

different levels are dynamically linked. For example, zoning bylaws (public policy

level) may influence the geographic placement of food stores (community level),

which can further influence how families procure foods (interpersonal level). While

features ofthe FElcy O2Yy ai N} Ay KSIfiKeée F22R OK2AO0Sasz (K

I'da

decisions can either reproduce or transform social structures, as suggested by
DARRSY aQ &0 NXZ6irdizMthsibAFEs/ for@xarSpte Naaske planning
decisions by municipal actors (representing human agency) can affect the location of
grocery stores (an aspect of social structure), while indivilud Q LJF G N2y F 3S 2F 3INR
stores and purchases within grocery stores (agency) can affect the food supply within
grocery stores (structure).

Researchers have embraced ecological models as a way of understanding the
reality thatbehavious cannot be divorcettom contexts, which themselves are
created by patterns of interactions between different levels of determinants. Policies
and interventions related to obesity also benefit from ecological perspectives, as the
most effective interventions are expected be those operating on multiple levels to
create an environment in which the default option is a healthy op(itf). Benefits of
including policy components in comprehensive obesity interverstiare that
everyone within the jurisdiction is affected by the policy, and that effects should last
as long as the policy is in effect (and as long as the person lives {Aéxe)
3.2 Food mEvironment Conceptual Models

The literature review revealed that 18 conceptual models addressing aspects
of the FE and dietelated health outcomes have been publisn@g6, 11, 44, 78-91).
The earliest conceptual metiwas published in 2001; 15 (83%) of the models have
been published in the last five years. All but two of the models (89%) were consistent
with an ecological approach. Tablel 2lescribes the conceptual models reviewed,
including the ecological levelscinded in each model, the constructs addressed, the
outcome of interest, and a general description. The following section describes and
compares several of the published models of the FE. This discussion is not exhaustive;
models were chosen to show vaii@ah in concepts, disciplines of origin, and foci.

Glanz and colleagués) presented a parsimonious, ecological conceptual

model of FEs (see figurel). The model was intended as a starting point for
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categaizing and thinking about environmental variables related to ealbielgavious.
This model incorporated constructs theoretically and empirically related to eating
patterns from several academic fields, including public health, health psychology,
consumer gychology, and urban planning. Community nutrition environments were
reflected in measures of food access, and were distinct from consumer nutrition
environments, which represented characteristics of the FE important to consumers
who have already reachetieir food store or restaurant destinations (e.g., food
availability, affordability, quality, and barriers and facilitators to healthy eating).
Sociodemographic factors were seen as mediating and/or moderating the impact of
FE variables on eating patterns.

5FyASt yR O#86) m&lé ah dnPaitant cyndriBuSon by
specifying hypothesized causal pathways by which environmental characteristics
(including opportunities to prage nutritious foods) affect cardiometabolic disease
and its consequences. Also unique to this model was its reliance on lifecourse theory.
The importance of time was conceptualized both in terms of ongoing evolution of
personplace interactions as well @mulative exposures, variable induction periods,
and lagged outcomes. Although the authors focused on cardiometabolic disease, it
seems feasible that other digklated health outcomes might involve similar causal
LI GKgle@ad 51 yASt dafdsnprerersiteihdEazdlax®odélz RSt A
specifying many processes and pathways between environment and outcomes. While
the model is useful in terms of conceptualizing specific biological pathways, its
complexity may make it unwieldy for a single study to b to operationalize all of
0KS Y2RStfQa FSI0dz2NBad ¢KS Yseddébl studiesi 2 R2Sa y2i
given its focus on lifecourse theory.

[ & G ©Scariceptual model extended previously publistemhtributions by
considering how individual, environmental, and social factors explain variance in
eatingbehavious (see figure 2). This model proposed that as individual and social
factors (intra and interpersonal factors as well as organizationatdia} become
increasingly restricted (e.g., through lower income or lower social support) the
environment (community and public policy factors) explains a higher proportion of
variance in eatingpehavious. Based on this conceptual model, Lytle suggestat t

understanding how the FE affects diet quality may be especially important in
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L2 Lddzf | GA2ya FT2NJ 6K2Y AYRAGARdzZE +FyR az20Alft  FI
conception, eatindpehavious of socieeconomically disadvantaged people would be
more strorgly associated with the quality of their FE compared to advantaged people.
[2GfSQa O2yOSLIIAZ2Y YI@& KIFOS SYLANROFt YSNARGO ¢
did not own cars (an example of a social or individual restriction) and who lived in
areas of hgh fast food concentration were 12 Ibs heavier compared to those living in
areas of zero fast food concentration. The difference in high to zero fast food
concentration among car owners, on the other hand, was found to béBb
supporting the hypothsis that those who are more restricted may be more reliant on
their immediate environments than those who are less restricted.
C2NAR& (K | Y% modkifehededides & l@dse and
transportation background, and depicted how transportation and land use intersect
with food purchasing and consumption. The model was ecologically constructed,
recognizing individal, social, and economic determinants of fdmehavious.
Gt SNE2YlFf O2yadNIAydaé o6SNBE OASHESR Fa Y2RSNI G+
of FE factors related to food availability and access were hypothesized to moderate
the relationship between foodgB F SNBY OS | yR O2yadzYLIiA2y® C2NEe&
conceptual model is unique in its mention of food sources beyond stores and
restaurants, by recognizing local agriculture and opportunities for gard€t5§6).
Rose and colleagu€s9) presented a theoretical framework of food
purchases based on an economic model of food consumption. The framework
considered aspects of the consumer nutrition environment, specificaliyoire prices
and instore characteristics as well as the commumitirition environment (e.g.,
food store placement andeighboouk 2 2 R F22 R | 00S&aaos Ay tAYyS gAlF
recommendation to pursue a muitiimensional understanding of food purchasing.
These authors did not consider aspects of the organizational rutrégnvironment
nor did they consider food purchases from restaurants, which may be a limitation of
the framework. Moreover, they recognized that although the arrows in the figure
have been drawn in one direction, demand influences supply as well.
Althoughoutcomes of interest vary between models (e.g., dietary patterns vs.
cardiovascular disease vs. food purchasing), all models presented above address

socioeconomic status an important factor to consider in the relationship between FE
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characteristicsandau®O2 YS&a® Df Fyl FyR 02ttt Sl 3dz84Q 6unnpo
for organizing how researchers and practitioners can think about FE characteristics by
distinguishing between community and consumer nutrition environments and then
by categorizing charactetiss such as food availability, food affordability and food
jdz- fAled [&ifSQa ounndd Y2RSt Aa KSELFdZ Ay LJ
0KS RAFFSNBYGALF T AYLI Odhaviduk baSed an the ievelloff RA JA Rdzl £ & ¢
restriction of otherindividual and social factors. Together, these two models provide
a comprehensive view of FEs and their interactions with other variables to affect
population diet quality that can be used across disciplines to act as a conceptual
foundation for food envionment research.
3.3 Food Environment Characteristics
¢tKA&d NBOGASG dzaSa Dfryl FyR O02tfSI3dz284Q Y2R
environment characteristics, recognizing that the food environment characteristics
described here can be situated as physical featuiesd(access, food availability,
food quality) or economic features (food affordability) of mienavironmental
settings (usuallypeighbouhoods) as per the ANGELO framework. Systematic
S@rtdzZ GA2y 2F [&GfSQa Y2RSft Khalas2ytfe& o0SSy O2yl
RA40dzaaSR 0St26d ¢KSNBEF2NB: FfGK2dAK [&idf SQa
development of future research, it was not used to organize the following discussions
Ay GKS aly$S ¢gle +a Difryl FyR O02fftSI3dz28S3aQ Y2RSH
Table 22 outlines the findigs of the 27 reviews published to date, and
ARSYUGAFTFASE 6KSUKSNI 6KS NBGASpAQ NBadzZ Ga &adzlJii|
conceptual models. The first review was published in 2000, and 22 of the reviews
(81%) have been published in the last five yeRight reviews focused solely on
youth (defined as children and adolesceffisp1, 97-102), seven reviews focused
solely on adultg5, 85, 87, 103-106), and 12 reviews included studies among both
youth and adult populationéll, 77, 78, 80, 107-114). Only one of the reviewd.07)
foundnod dzLJLI2 NI F2NJ Df Fyl yR O2ftftSF3dzS5aQ Y2RStT
article that showed no relationship between proximity to fast food outlets and weight
status in lowincome children. Twelve (44%) of the reviews found generally significant
associationsn the hypothesized directions between aspects of the FE and diet

NEfFGSR KSIEdK 2dzi02YSa 6&dzllll2NIi F2NJ DEFyT |yl
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aK26SR YAESR NB&dzAZ a4 O6YAESR adzlJLl2 NI F2NJ Df |yl
review explicitly reported onlaracteristics that modified associations between
environmental variables and outcom@&Y Ay adzlJLJ2 NI 2F [&idf SQa Y2RS
found that assoations between FE characteristics and outcomes appeared stronger
among women and Io¥8ES individuals. Of the 26 revietvat did not explicitly
examneK @ LI2 G KSasSa NBftFGSR (2 [eGftSQa Y2RStX mc o6c¢
studies examine how individual eocial factors moderate associations between FE
characteristics and outcomes. In other words, although the majority of the reviews
RAR y20 LINBZARS SYLANAROIf adzLlll2 NI F2NJ[eidf SQa
addzLJLJ2 NI SR Ay (S NXMentifying theNdp@rtar®e ai testing Helt K 2 NB A
hypothesis.
FE characteristics have been objectively and subjectively assessed. Four
objectivelymeasured characteristics of the local FE have been identified as
influencing diet and/or health outcomes: food acces®d availability, food
affordability, and food quality115, 116). Implicitly or explicitly, resarch on FEs
assumes that improved FEs (operationalized as increased access, availability,
affordability, or quality of healthy food) will be tied to improved populatiemel
dietary behaviourand weight status irrespective of human agefity7). The
following discussion draws on theviewed literature to addressbjectively
YSI &dzNBR OKEF NI OGSNR&AGAOE 2F GKS C9 &aKz2gy (2 0o
importance of subjectivelyneasued characteristics will be subsequently discussed.
3.3.1 ObjectivelyMeasured Characteristics
Community Nutrition Environment: Food Access
Food access has been the most frequently studied of the four constructs
described here, and can be considered asSalma dzNBE 2 F G KS aO2YYdzyA i e yd
SYGANRYYSyYy (¢ | a LISNI QLD PdtentialidResH@hicth S 3dzS8Q Y2 R¢
represents food availability and which has spatial (geographic) and norigjeatja
social) dimensions, differs conceptually from realized access, which reflects actual use
(118). Food access can be operationalized as geographic proximitydistgnce
0SG6SSYy | LISNA2YQa K2YS FyR (KS ySINBad aINROSI

of fast food outlets or proportion of unhealthy to healthy food stores types within a

31



defined geographic area) and variety (e.g., degree of different typ&sdfoutlets
within a specified areg)L19).

Food access measuresca®eA I S F22R &0G2NBa | yR NBadl dzNI vy
O0SPIPT AdzLISNXI NJ SGa& 2N FNHzZA G | y#oddSISGlFotS YII
outlets and convenience stores). Using these classifications, food access measures are
considered a proxy for healthy foodailability. Assuming that healthy food
availability varies by store type is not without merit, since food availability, food
quality, and affordability have been found to differ by store typ@é 120, 121).

Relying solely on food access to operationalize the quality of the FE, however, is
limited becausaneighbouhood differences in food availability (i.e., the underlying
characteristic theoretically associated with dietdighavious) exist even after
accounting for store typ€l22-125). In addition, using only food access measures to
describe FEs ignores the fact that physical disabilities, lack of access to a vehicle for
grocery shopping, lack of culturally appropriate foods, and inadequate family income
can all impairdod acces$126-128). Despite the theoretical problems, food access is
used to characterize the FE because the data are relatively simple to obtain and
assessmentethods are relatively easy to use. Questions about the reliability and
validity of food access measures have not been satisfactorily answered. Four
traditional data sources for food access data have been identified: fieldwork (e.g.,

a 3 NRONDR( K Bogumént whether an identified food store actually exists, and if
so, what type of food store it is), land use and parcel data (often available in
municipal GIS databases, these data contain information about land parcels and
buildings), health and agriduke department licensing data (collected at the

municipal level, the regional or county level, or the state or province level, these data
reflect public concerns such as food safety), and commercial business data (for
example, telephone directories, busiss directories, and company websites. In
general, studies examining food access necessitate the use of GIS to derive food
access scores for different areas.

Of the 20 systematic literature reviews that included more than one study
examining associationsebween food access and dietlated outcomes, 12 showed
mixed result46, 9, 11, 77, 80, 99, 102-104, 109, 111, 113), and 8 showed generally
positive resultgb, 21, 85, 87, 100, 105, 110, 112). These findings provide mixed
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supportfor Glanzan®2 f £ S 3dz85aQ KeLRGKSaAa OGKFd O2YYdzyAi:
are associated with dietelated outcomes.

Five longitudinal studies have been published within the last year and were
not included in any of the reviews to date. These studies are among stefiorts to
examine food access over time and its association with didtenavious or weight.
The first prospective cohort study on point reported that supermarket access was
generally not related to diet quality or fruit and vegetable intake, but tlhat food
I 00Saa ORSTAYSR la Flrad F22R 2dzit Sta t20F3iSR |
predict consumption of fast food among low income, male respond@rg).
Authors note that relying solely on food access may have causednditigs, and
suggest that evidence of health benefits of nearby supermarkets may reflect self
selection biag, a confounding individudkevel factor related to both digbehavious
andneighbouhood selection129). Another study showed no @ionship between
neighbouhood fast food access and fast food consumption in a large, national sample
of young adults in the U.8L30). A thrd study found that only th@eighbouhood
density of small grocery stores measure was significantly related to weight status
among urban residents over tin{@31). The fourth study assessed the association
between weight and proximity to food establishments over aygar period Results
indicated that each 1km increase in distance to the closest fast food outlet was
associated with a 0.11 unit decrease in BMI, but only for women. Other food
environment characteristics were either inconsistently or not significantly associated
with BMI(132). The final longitudinal study, conducted among children, found that
differential exposure to food outlets did not independently explain weigih over
time (133). All five longitudinal studies examining food access andrdiated
outcomes over time have found a limited impact among both children and adults,
althoughtwo(129,132a K2 ¢ & dzLJLI2 NI F2NJ [ eif SQa KelLR(iKSaAa
features explain more in terms of die¢latedbehavious or outcomes in some
populations relative to others.
Consumer Nutrition Environment: Food Availability

Foodava f  6Af AG& LISNIIFAya G2 (§K@EL7nad2 y adzy SNJ y dz
can be operationalized through check lists (e.g., yes/no questions on the availability of

specific foods) or shefpace neasures (e.g., linear length of shsfface allotted to
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specific foods or food group€&)34). Measuring food availability overcomes some of
the limitationsassociated with relying solely on food access to define a healthy FE:
there is no need to assume store type is an adequate proxy for healthy food
availability when availability is directly measured. Despite this, social constructs such
asneighbouhood d& 2 NRSNE &l FSie& O2yOSNYyaz yR NBaARSyl
jdzl f AGe YIre y2ySGiKSftSaa AYLISRS NBaARSyidaQ dzas
produce and other healthy foods might be availafild5, 136).

Overall, food availability has increased over thetffew decades, with
approximately 520 more calories available in 2003 than in 1970 in th¢13%and
up to 530 more calories available in 2002 than in 1985 in Cafi&&s mainly in the
form of salad oils, wheat flourp# drinks and shortenin@23). Only three reviews
included studies examining food awaillity in relation to dietary outcomes. Both
reviews on studies conducted among children found restaurant fruit and vegetable
availability predictive of intake. Specifically, one review found that three out of four
associations between restaurant fruit dwegetable availability and fruit and
vegetable intake were significant and positive, although one association between
grocery store fruit and vegetable availability was not correlated with fruit and
vegetable consumptiof21). The other found that the onlgeighbouhood food
environment variable that received preliminary support in terms of determining
dietarybehavious was the availability of fruits and vegetables in restauréiag).
The third review, examining evidence from studies conducted among adults,
suggested that good local availability afifs and vegetables seems to be significantly
associated with intake, although the authors caution that evidence is linii@ed).

Two recent studies examineteighbouhood food availability and were not
included in any reviews. One study found thaighbouhood availability of dark
geeny R 2N} y3aS @S3SiloftSa ¢la arayAFAOLIyGte | 4a;:
(139). Contrary to its hypothesis, another study found higher healthy food availability
associated with higher BMI among urban residents of predominantly white
neighbouhoods and withdwer BMI among urban residents of predominantly black
and lowSE$eighbouhoods(140). Pathways by which healthy food availability

impacts diet and weight status are still unclear.
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Consumer nutrition environment: Food Affordability

The inverse relationship between energy dém and energy cost has been
well-documented, and is reflected in the lower cost of diets high in refined grains and
added fats and sugars being compared to diets based on whole grains, fresh
vegetables and fruits and lean meats and d@l41-143). The cost of healthy food
has risen much faster than unhealthy foods in the U.S. (18% price increase for healthy
foods and-1.8% increase for unhealthy foods bewve2004 and 2006 in Seattle)
(144) and Australia (14.8% price increase in healthy foods, but no difference in
unhealthy foods)145). In a number of studies conducted in various rmicro
environmental settings such as cafeterias in workplare$sschools, decreasing the
O02ait 2F GFNBSUSR aKSIflKe FT22Ra¢é O2yaraisSydte
regardless of visual promotigq@5, 146-149). Given the importance of food
affordability for the diet quality of populations, as well as its potential amenability to
policy change (e.g., through subsidization or taxes), researchers have begun to
examine theémpact of food affordability imeighbouhood settings as well. Of five
reviews including more than one study on food affordability, all found significant,
positive associations between healthy food affordability and-didted outcomes.
Two reviews amig children found food cost to be an important determinant of
dietarybehavious, particularly for loweincome children(98, 101). All other reviews
examined studies conducted among both youth and adults. One found greater cost
barriers to fast food consumption to be associated with healthier diets and reduced
levels of obesity110), another found that affordability of fruits and vegetables was
associated with lower gains in BK80). The final review indicated that price might be
a more salient determinant of dietary intake than food access, particularly for fast
food intake(109).Measures of food affordability, like other measures of FE
constructs, are inconsistent, which may partly explain inconsistent findings. Overall,
few studies have examined associations betwaeighbouhood food affordability
and dietrelated outcones.

In a recent longitudinal study among young adults, a 10% increase in the price
of fast food was associated with a 13.2% reduction in the probability of obesity for
men, although this effect was no longer significant after controlling for other socio

demographic factors, indicating that these factors may overcome the effect of food
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prices for young adult€l50). Food and restaurant prices have been found to exert
small effects on weight outcomes, although these findings vary by socioeconomic
status, with the association between prices and weight stronger among more
dissRGlI yil 3SR LR LMzA I GA2Yy&Y 6 KAOK &dzLJLJ2 NI &
experiencing more restrictions may be more dependent on immediate food
environment features than less restricted individu@lS1, 152). One recent study

found no association betweemeighbouhood healthy food price score and weight
status(153), although relative higher food prices of fruits and vegetables has been
associated with lower frequency of fruit and vegetable consunmpi®4), lower fibre
intake, and higher BMI among childrétbl, 155, 156). On the other hand, relative
higher prices of fast food have been associated with better diet quality among young
children(152).

Consumer nutrition environment: Food Quality

Few studies have assessseighbouhood food quality(116). Food quality,
like availability and affordability, is an attribute of theighbouhood food supply
that is most often subsumed by food access measures (i.e., store type is used as a
proxy for food quality). Thistrategy is not without merit, as food quality has been
found to vary by store type, with convenience stores generally selling fresh produce
of lower quality than grocery stord87, 157). Foodquality is related to food
availability in that the quality of available foods acts as a determinant of food
purchasinghehavious. Poor food quality (e.g., withered or bruised fresh produce,
rotting meat, and expired canned foods) acts as a deterrefd@d purchasing158).

None of the 27 literature reviews assessed here addressed food quality.

In summary, food access is often used as a proxy for features of the consumer
nutrition environment, paticularly food availability, because food access measures
are easier and less resourggensive to create and use. Findings from the literature
review suggest that while food access is the most commonly studied characteristic to
date, food affordability ray be a more importameighbouhood determinant of
diet-related outcomes. Many of the literature reviews have found mixed findings;
reasons for this will be discussed in the recommendations section. The following

discussion describes subjectiveheasuredFE characteristics.
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3.3.2 SubjectiveWMeasured Characteristics
The majority of the literature reviews described here included objective FE
YSI &d2NBa (G2 GKS SEOfdzarz2y 2F NBAARSyGaQ LISNOSI
perceptions of their FEs an important contribution to establishing an ecological
perspective, and was recommended by six of the reviews ass€g®&®0, 99, 107,
113® &! y A Y kiiendtlon iyadsseBifigythe FE in the context of an ecologic
Y2RStf Aad K2g¢ (GKS AYRAQDGARdZ t (BR2SA4B)a (G2 o0SKIF @S
Considering individual perceptions is appropriate given the suitabilian ecological
perspective for examining dietary outcomes.
WSAARSY(GAaQ LISNOSLIGIA2Yya RAFFSNI AaAIYAFAOIyif
(160, 161), consistent with research examining perceived vs. objective aspects of
physical activity environmen{d62). Perceptions of FE constructs may be more
strongly correlatedvith food-relatedbehavious such as food purchasifdg) and
diet quality(42,163 G KI 'y 202SO0GA PGS C9 YSIadaNBad LyOf dzRAY 3
perceptions in FE studies may advance the understanding of how individuals intersect
with their environmentg159), and may iform policy recommendations. Finding that
objective but not perceptive access to food is associated with diet quality has very
different policy implications than finding the opposite. In the first case, findings would
suggest that improved access (i.e.,nmgrocery stores, fewer fast food outlets) may
improve health. In the second case, findings would suggest that strategies to improve
NEAARSYGAaQ LISNDSLIIAZ2Yya 2F GKSANI 20Kt C9& &aK2«
individuals interact with their environnms to procure food and to eat have not been
adequately addressed in the current literatu64-166). As eloquently stated by
Cumming166s a2 AGK2dzi I RSSLISNI YR Y2NB 02YLX SE dzy
WSY@ANRYYSYy(iQ 3SGa Ayili2 GKS Wo2ReQI AYUGSNBSy;
0KS2NBGAOFt Y2RSta oAttt ySOSNI oS FotS G2 Fdzf T
Examiningresly 6 4 Q LISNOSLIiA2ya Yleé fa2 AyF2N)N (K
above regarding the validity of only using food access measures to characterise FEs. In
terms of whether food access measures adequately capture other FE characteristics,
emerging research indicatéisat food availability may, in fact, be a construct
ASLINFGS YR RAZGAYOG FNRY T22R I 00Saad C2NJ Si

neighbouhood healthy food availability showed only a low correlation with the
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density of supermarkets within a one mile rasliof their homeg160), which led
study authordo conclude that perceived healthy food availability may indeed be
GFLIAY3I AyG2 + RAFFSNBYy(G O2yaidNdzOid GKEy F22R |
perceptions of availability of fruits and vegetables were positively associated with
intake, regardlessf food store type and location, which are two key aspects of food
access measurd€463). Similar to objective measures, FE perceptions have been
inconsistently associated with outcomes. One study conducted in the U.S. found no
association between perceivatkighbouhood affordability and fruit and vegetable
intake(163x KAt S Iy ! dzZaGNIfAlFY &adGdzReé F2dzy R GKF G NI
neighbouhood food affordability almost wholly mediated the associatietween
socioeconomic position and diet quali@?). Finally, perceptions of the quality of
fresh produce have been associated with fruit aedetable consumptiol24) and
identified as an important factor in food choic@$7).

Ly adzYYlINESZ NBAARSYy(aQ LISNDSLIIAZ2ya OFLy AYF
subjectivemeasures to characterise FEs can complement objectivelysured
characteristics and also contribute to an ecological understanding of FEs. The
following section addresses haveighbouhoods, particular geographic contexts that
have been identified as m¥ant settings for food environment research and action,
have been conceptualized and defined.
34 Neighbouthood: Conception and Definition

Zenk and colleagud®) defined theneighbouKk 2 2 R C9 |4 &l 3INRdzL) 2°F
including the types of retail foodutlets and the availability, quality, and price of
different kinds of foods, such as prepared foods, fresh produce, and other groceries,
Ay + 3AGSY IS2INI LIKAOIE IINBlFé 6L cmMODP LYy GKA:
sentence the constructs of thieE most frequently assessed in the literature.
Alternative definitions oheighbouhoods are relevant for different research
guestions, and the relevant geographic area may vary according to the processes
through which the area effect is hypothesized tceogte (168). Operationalizing
neighbaurhoods for research is a challenging endeavour, because people live and
function in multiple settings; people live and work in multiple geographic areas and

influential environments are often nested, and; singighbouhoods contain
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multiple types of emironments, including physical, social, cultural, and policy
environments(169).
éNeighbouK 2 2 Ra¢é¢ Ay C9 NBAaSI NOK Kdetthé&d 0SSy 2 LISNI {
administrative areas, egoentered areas (e.gguclidean or networklistance buffer
zones around homes), and activity spaces. The majority of studies to date have relied
on administrative boundarie, 113 119), partly because many potentially relevant
and publicly available data exists at the level of census tracts or agglomeration areas,
and partly becase individuals can be easily aggregated into administrative
boundaries. In addition, administrative boundaries are useful for policy applications,
since governing bodies have jurisdiction over administratibelynded areas..
Administrative boundaries, hosver, do not necessarily represemtighbouhoods as
experienced by residen(d70), nor are they based on geographic scales thatild
theoretically influence the outcome of interest.
Buffer zonesareeg@ Sy 1 SNBER 3IS23INI LIKAO I NBIFa ONBI (SR
home address or other places of interest (e.g., schools or worksites). If
neighbouhoods are conceived as buffer zones, indigidiata cannot be aggregated
because buffer zones are specific to each point (e.g., home or school). Acknowledging
this difficulty, however, it may be more theoretically justified to use buffer zones than
administrative boundaries because it is likely thegidents would perceive
neighbouhoods as including their home and the surrounding area, which a buffer
zone captures. There is no consensus around what buffer zone scale is most
I 3420AFGSR 6AGK NBAARSY(laQ gSAa@Ki 2NJ RASO | dz f
theoretically capture areas where food is procured. A recent review reported that
buffer sizes around residences ranged from 100m to almost(Gkm
One limitation associated with both administrative boundaries and buffers is
the assumption that people stay in theieighbouhoods to purchase foods and/or to
eat out. In other wordsneighbouhood FE research assumes that individuals buy
food in their own census tracts, buffer zones, or zip coges assumption for which
there is no evidencés, 43, 84, 171). One U.S. study found that people travel an
average of three to five miles for foaelated purchasingl72). It has further been
suggested that individuals can sometimes travel far geographical distances for food to
LX  0S&8 GKIFG NB aNBfl A2yl ffeé LINREAYIGS 08

9(
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(173170 ¢ KA & fAYAGIOGAZ2Y A& |faz2 NBtSOLyd G2 [&d
social factors can moderate associations between FE features anohoesc
Specifically, while people are able to move out of their administrative boundaries or
buffer zones to procure food, the area relevant to dielated outcomes may be
moderated by car ownership, access to public transportation, and mobility issues,
among other factors.

The size of geographic area relevant to different health outcomes is still
LI22NX & dzyRSNR(G22RX If iK2dzAK NBOSYyd NBaASINOK 2\
physical activity has begun to address this questiotb-177). This most recent
stream of research fits theoretically within a soeicological framework in that it
examines how people interact with their environments to procure foow| an a
larger scale than qualitative inquiry would allow. Activity spaces have been
operationalized differently, and have been found to vary by individual socio
RSY23INI LIKAO OKIFNIOGSNRAAGAOA O6AY &adzLlLIR2 NI 2F [ &l
definition. Importantly, activity space research could provide a more solid evidence
base for policies related to supporting healthy food systems than the current state of
the evidence, which mainly examines residemiaighbouhoods(5).
4. Recommendations

Huang and Glagd78) recommended a multilevel olsity research strategy,
characterized by crosdisciplinary questions and research strategies, building
capacity in multilevel research, and maintaining a global perspective on obesity. They
note that the dominant, individudkvel focus in obesity resedrdias been
inadequate to achieve populatieh S @St OKIl y3S FyR I NBdzS GKFGZ al
and physical activity become naturally embedded in everyday life, there is little
OKIyO0S GKFG GKS 0d2NRSYy 2F (GKS 20d&d@ioA &8 SLIARSYA
fulfill the goals of building crosdisciplinary research teams and multilevel study
designs, several gaps in the current FE literature must be addressed. The following
discussion aims to highlight challenges in the field and to provide recommendati
for future research. In the current review of literature reviews and conceptual papers,
the most commonlyrecommended directions for future research were to develop
and refine valid and reliable FE assessment methods, and to use these methods

consistetly in studies (78% of reviews and 73% of conceptual papers), to examine
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whether associations between FE characteristics andrdiated outcomes are
mediated or moderated by intraand interpersonal variables (67% of reviews and
36% of conceptual paperdo engage in longitudinal studies and natural experiments
(63% of reviews and 50% of conceptual papers), and to use theory and conceptual
models to inform study design, FE assessment method selection, and outcomes of
interest (48% of reviews and 73%ooinceptual papers). Other common themes
included recommending replication of studies and improved study methods to
increase comparability among studies (44% of reviews and 14% of conceptual
papers), operationalizingeighbouhood based on theoretical comigrations (44% of
reviews and 27% of conceptual papers), using multilevel study designs and analytic
models (26% of reviews and 18% of conceptual papers), and to use multidisciplinary
teams to address complex issues of the FE (22% of reviews and 23%eptaah
papers).
4.1 Theory and Conceptual Models

I NBOSyld NBGASE y20SRZ daLd Aa NBYINJlLotS
of environmental influences on overweight, clear, conceptually sound hypotheses of
the underlying process by which environmerfitors impact orbehaviourare
f I O1 B3y ®.®£40). The lack of pemviewed reward structure for employing
conceptual models and the multidisciplinary nature of food environment research
have been identified @challenges to increasing the rate at which researchers rely on
conceptual models to inform their studi€s79). While different models may
resonate with diffeBy i RAZOA LI AySa oF2NJ SEIl g S C2NAER2GK
may resonate with urban planners and Rose anfl @I 3(8@3rd2| might be
Y2NB alfASyd F2NI SO2y2YAadaovy GKAHE) LI LISNI | NB dZ
Iy R [ &0 f{(83ard ussfd &®ds disciplines, and provide a useful way of both
categorizing food environment characteristicsnasl as hypothesizing that increasing
individual and social restrictions result in an increased proportion of variance in
eatingbehavious explained by food environments. The conceptual models should be
improved and refined based on recent evider{@é4, 110), and should underlie
research and interveions (11, 104).

In addition to explicitly theorizing about how FEs affect-deated

outcomes, the wayeighboutood is operationalized should also be theoretically
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founded(7, 11). Justifications for why and homeighbouhood is defined should be
explicit and tied to outcomes. Future work cdubok at effects of different
geographic scales and address why some associations between aspects of the FE and
diet-related outcomes vary by scale.
4.2 Study Design and Measurement Strategies

A number of study design issues have been addressed, ingltiuk
inconsistent methodologies used to assess(BERK)4), psychometric and ecometric
evaluation of assessment methods, the need for mireethods study designs and
the high prevalence of crosgctional research on point.
4.2.1 Inconsistent Measures:

The issue ohiconsistent measurement and the concomitant inability to
adequately compare studies is the most commecited challenge, with 78% of
reviews and 73% of conceptual papers addressing this particular issue. Several
reviews that were determined to be outf-scope for the current review focus
exclusively on assessment methdd49, 134, 180-182), and point to the need for
researchers to develop and refine valid and reliable tools as well as to test their
application in a variety of subgroups. Currently, over 500 articles and instruments that
assess aspects BEs have been compiled by the National Cancer Institute (see

https://riskfactor.cancer.gov/mfe). One recent systematic review noted the wide

range of methods by which researchers classify food ouflett®); another noted that
Y2al &aGdzZRAS&a dzaSR UKSANI 26y RSTFAYDOGAZY 2F aFl ¢
Given that the National Cancer Institute already maintains a database of FE measures,
it may be a logical body to also propose definitions of food outlet types.
In addition to the variety of actual FE assessment methods, geographic
metrics used vary wdely (7, 12). Within the general categories of administrative units,
bufferzoné = ' yR | OGA@GAGE aL)l 0Sa O6RAAO0OdzaASR | 620S03
when it comes to which geographic scale best captures meaningful FE exposures.
Future research should provide explicit rational for operationalirmgighbouhood to
improve study comarability and to clarify the meaning of different boundaries and
measureq11). FENBS f I G SR | OGA@GAGe aLl OS NBaSI NOKZ ¢gKAOK
movements and travel within their environments, can be used to examine

accessibility to services based toavel patterns rather than residential locale.
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Recently, activity space research methods have been applied to food environments
(175-177); these methods have beeadentified as being on the forefront of food
environment research advanceme(it83)
4.2.2 Psychometric and Ecometric Measurement Approaches:

[@GfS a1 SRZ di¢Randaris skiould 8ok that 2s¥eSsithd FE
0S K ®P)(R.ISE35). She distinguished psychometrics (the field of study concerned
with measurement theory and methods, including reliability and validity) from
econSGNR O&a 602YYdzyAlGe YS viegBuEhepds)JSNOSLIGA2ya 27F
suggested how traditional psychometric terms translate to FE characteristics. For
SEFYLX ST O02yaidiNyzOG ol tARAGE A& aGKS SEGSYyd G2
consistent withtheoréd A O f Keé L2 (i KSaSaé¢ oL {mMocOdP { SOSNI
FaasSaa O2yadNuHzOld GrtARAGE o0& laaSaaiay3a | ANBSY!
at least one objective measufél, 160, 184, 185). These studies generally indicate
that food environment mesures (particularly subjective vs. objective) are not
strongly associate@1, 160, 184). Only one study used more than one objectively
defined measure in its analysé84) and none have simultaneously considered how
different objedive measures of the food environment might be related to each other.
The question of whether different objective measures are truly measuring the
constructs they purport to measure remains. Because measures differ in the
resources needed to implement, theeis a need among both researchers and
practitioners to know how closely a healthy food environment characterised by one
method corresponds to its characterization by another method. By examining several
methods simultaneously in the same population, il wecome clearer whether less
resource intensive methods will provide similar results to more resource intensive
methods. Future research should explore whether traditional psychometric methods
such as a multitraitnultimethod matrix(186) and/or factor analysi§187) could be
applied to FE measures. Moreover, cbshefit analyses would also make unique
contributions to determine the relative quality of output from various methods
relative b the resources required to implement.
4.2.3 MixedMethods Study Designs:

Most studies have used either quantitative or qualitative methods to assess

FEs. Including FE perceptions in quantitative studies is suitable for an ecological
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approach and was recamended by 22% of the reviews and 23% of the conceptual

papers. While appropriate methods differ given the research question, conducting

mixedmethods study in the same area can help to elucidate how people feel and

think about their environments with reggt to food access, availability, affordability,

and quality(92, 188). Several questions could be assessed with mirethod

RSaAdyaz AyOftdRRAY3II a9y WSEK2 RR2 @IoLBISINI NGB & AR
f AGSR SELISNASYyOS&aKé¢ 2N a52 202SOGAGS 2N LISNDOSI
2dz602YSa 2F AyiSNBadKé Ly 3ISYySNIf>X NBaARSyidaoQ
with objectivelymeasured environmental characteristies)d individual and

neighbouhood-evel factors can affect FE perceptiqg, 160, 189). The importance

of establishing how closely objectively measured vs. subjectively derived FE

characteristics predict outcomes is in the policy implications, described above.

4.2.4 Overreliance on crossectional study desigs:

Sixty percent of the reviews and half of the conceptual papers examined here
recommended that future studies employ longitudinal designs and take advantage of
natural experiments (e.g., the opening or closing of a large supermarket), since cross
sectonal studies limit causal inferences. The longitudinal studies to date examining
food access have found limit€di29, 131, 132) or no effect(130, 133) on dietrelated
outcomes. Future longitudinal studies shoiuridorporate aspects of the consumer
nutrition environment in addition to food access measures.

4.2.5 Data Limitations

Several important data limitations have been identified in the FE literature.
Three main limitations with respect to data have beemitifeed. First, detail and
completeness of data are not uniform across regions or research questions. FE data
available from different data sources can be disparate, with corresponding
implications for study finding®4). Selection of data sources should be explicitly
outlined in methods sections, along with details regarding data quality. Second, as
with any methoddogical literature, complex data structures require complex
statistical models and reporting. Researchers must consider benefits and drawbacks
to using aggregate data (e.g., giving the mean score of responses from individuals
living within a census blockaup) vs. buffer zone data (e.g., each household has its

own unique buffer zone, even though buffer zones can overlap). Finally, there are
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several considerations related to data given the relative newness of the field.
Specifically, the large amount of datollected in some studies may lead researchers
to conduct atheoretical statistical tests, which may lead to statistically significant
findings due to chance. In addition, gold standard FE assessment methods have not
yet been described; little is known abt how well methods assessing different
constructs predict outcomes. Moreover, methods that purportedly measure certain
constructs (e.g., food availability and food affordability) are more time and resource
intensive to implement than those measuring foaccess. It is still unclear whether
investing the time and resources into using FE checklists orgbede measurements
rather than GlSlerived food access measures are worth the extra investment (in
terms of better predicting outcomes of interest). 8tes aimed at examining
construct validity that employ more than one type of FE measure could contribute to
answering the questions of the importance of certain traiethod variables in
predicting dietrelated outcomes.
4.2.6 Contexts

Contexts are commoeoonsiderations in health geography and social
SLIARSYA2t 238 C9a YIe y24 43Sd Ayid2 GKS o02Re¢
Community characteristics include predominant culture, deael income, social
capital, and built and natural environments in ish theneighbouhoods are situated.
For example, a predominantly uppelassneighbouhood with high rates of vehicle
ownership might be far less dependent on their immediate environments for food
than an area in which very few residents own vehiclesaswbss to public
transportation is poor. Reviews have identified the need to examine where people
actually procure food and e£94); to explore whether individudevel factors such as
whether someone works at home, the elderly, or those with reduced mobility are
disproportionately affected by area exposui@q); to examine the influence of the
FE on minoritie and childrer{53, 110, 190), and; to seek a broademnderstanding of
historical, political and cultural underpinnings to socioeconomic characteristics and
racial segregationinanaré@® | aAy 3 [&if SQa framaw&wil 1 a 02y OSL
help organize study designs aimed at assessing how contexts influence the
relationship between FE characteristics and d&ated outcomes. In addition,

researchers should explore crdswsel interactions to examine whether certain
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individual factors moderate relationship between environments and outcomes.
Finally, researchers should pursue activity space research((&g.177)) to
determine theoretically meanirfgl places and to explore how activity spaces vary by
individual and social restrictions.
5. Conclusion

This paper examines literature reviews and conceptual papers to situate FE
research within an ecological approach, and recommends two particulagynsali
conceptual models for consideration in future research. FE characteristics have been
described, common operationalizationsrdighbouhoods have been examined, and
future directions for the field have been recommended. This chapter argues that
while dfferent measures and definitions akighbouhoods may be appropriate for
different areas of inquiry, method selection andighbouhood operationalization
should be explicitly and theoretically justified. Promising avenues of research include
work on aclivity spaces, particularly related to food procurement, and greater
consideration of psychometric evaluation of FE constructs. Finally, researchers should
consider the policy implications of their findingg0). Policies related to the FE are
becoming increasingly commdh9, 191-193). While many factors are at play in
determining policies related to food environmer{t9), there may be a window of
opportunity in terms of public support for FE policies. The recommendations have
been presented here in the hopes that stronger evidence will help facilitate policy
decisons aimed at improving public health.

Although two conceptual models were presented as especially salient for
A3dzZARAY3 C9 NBASINOK oDflFyl |yR QGfderfoSI 3dzS4Q Y21
GKAa RAA&ASNIFGAZ2Y SYLX 2 éstudyDdsign/variabley R 02t t S| 3 dzS:
selection, and statistical analyses, to keep the scope of the dissertation manageable
and to test construct validity of the constructs proposed by Glanz and colleagues as
gStt a KeLRIKSAAT SR LI (Ko ldeyaR SONY (okKSA GBK| AFy2é2 R2 7S

residents! & YSydA2ySR> Dftyl FyR O2ftSI3dz2SaqQ 02y 0S
& | dzaSFdzZ o6+ & 2F 2NHIFYAT Ay3d F22R SYyBANRYYSy

hypothesizes how social and individual restrictions modify associations betiwed
environments and dietelated health outcomes. While the following three studies
LINBEA&SYGSR Ay (KA& RA&ZASNIIGAZ2Y SYLX 2é& DfFyTl I\
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objective of construct validation of environmental measures, future researchidhou

SyLiXz2e [eifSQa Y2RSt (2 SEIFYAYS K26 &a20ALt |yl
the relationship between food environments and outcomes of interest. Such a study

could, for example, examine food environment variables as predictors cfelaed

health outcomes through the creation of incorspecific statistical models to

examine how neighbourhood food affordability predicts diet quality for low income

relative to high income This type of study would also be useful for policymakers who

maywantli 2 & dzLJLI2 NI G LINAZ2NRGE ySAIKO2dzZNK22R&aé P LT
empirically, policymakers could be encouraged to act to improve food environments

AY FTNBlFa 6KSNB | AAIYATFTAOFIY(H LINBLRNIAZ2Y 27F (K
through reduced inome, reduced mobility, or other social or individual restrictions

that may be more reliant on their immediate environments for food.

47



Table 21: Description of conceptual models relevant to food environment research presented by year
Author, Ecobgical levels included Constructs  Outcome Description
year Addressed
Booth et Intrapersonal selfidentities, genetics, Food access, Dietary An ecological model for physical activity and eatietaviour
al, 2001  physiology, social roles, so€io food behavious is presented. Hypothesized influences on nutrition related
demographics availability, food stores included packaging of healthful 3o coupons
Interpersonal relationships, cultural food for processed foods, prevalence of small stores in
identities affordability, disadvantaged areas, perceived food cost, junk food
OrganizationalBehavioursettings barriers and placement, instore promotion of healthy foods, shedpace
include workplace, school, day care facilitators of healthy foods, and portion size/unit packaging. Influence
Community Behavioursettings include to healthy related to neighbothoods included the presence of vending
food stores, restaurants, and eating machines, fast food outlets and farmers' markets, outdoor
neighbourhoods advertising, and supermarket and minimart access. Influer
Public Policyproximal and distal related to restaurants included portion size, limited choices
leverage points (e.g., food industry, of healthy foods, prompting for adiibnal items, pricing for
government, information industry) combination meals, availability of nutrition information, foo
processing or preparation, and consumption incentives.
Proximal factors are considered enablers of choice, while
distal factors are considerdahaviourl settings, poximal
and distal leverage points.
Diez Intrapersonal stress and psychosocial Food access, Cardio The aim of the model is to represent hypothesized causal
Roux, factors food vascular risk pathways by which environmental features influence the
2003 Interpersonatl social environment (e.g., availability, or disease development ofcardiovascular disease. The conceptual

social support and cohesion, social food
norms) affordability
Organizationaln/a Community.

physical environment (e.g., availability

and cost of healthy foods)

Public Policyn/a

model includes the "availability and relative cost of healthy
foods" and "food and tobacco advertising" as two of eight
features of the physical environment related to diet that
impacts proximate biological factorsuch as blood pressure
and BMI), which can lead to cardiovascular disease. FeatL
of the FE may be socgconomically patterned, although
little research has focused on relationships between FEs a
outcomes.

48



Author, Ecological levels included Consructs Outcome Description

year Addressed

Glanz et Intrapersonal psychosocial factors; Food access, Dietary This parsimonious, ecological model irates that FE

al, 2005 perceived nutrition environment; socio food behavious  features may act as direct moderators of eating patterns ol
demographics availability, may mediate the relationship by acting on individual
Interpersonal psychosocial factors food variables, which then impact eating patterns. Secio
Organizational home; school, work affordability, demographics may mediate and/or moderate the impact of
Community aspects of community and barriers and environmental variable on eating patterns.
consumer nutrition environments facilitators
Public Policygovernment and industry to healthy
policies; information environment eating

Papas et Intrapersonal genetics, socio Food access, Weight The ecological model presents food consumption as

al, 2007  demographics food mediating the relationship between FEs and body weight.
Interpersonat family and peer affordability Food consumption is also affected by individual factors
influences (genetics, socioeconomic characteristics, and other individ
Organizationaln/a characteristics) and socialdirs (family and peer influences
Community Economic influences (fooc and socioeconomic characteristics).
access, cost)
Public Policyn/a

White, Intrapersonal educational attainment; Food access, Dietary In the hypothesized causal model presented by the author

2007 aspirations and expectations; inherited food behavious  food retailing factors mediate the relationship between
wealth; dietary knowledge availability socioeconomic factors and dietary intake. The author

Interpersonal socioeconomic position;
culturally determined dietar and food
purchasing norms

Organizational healthiness of preparec
food from fastfood outlets

Community. healthiness grocery
purchases; use of supermarkets or loc
convenience stores

Public Policyn/a

suggests that evidence for both the existence of food dese
and the impact of food retéing on dietarybehavious is
mixed, and that the most robust evidence to date suggests
that food retail access does not profoundly influence dietar
consumption (in the UK).
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Author, Ecological levels included Constructs ~ Outcome Description
year Addressed
Story et Intrapersonal cognitions, attitudes, Food access, Dietary An ecologic conceptual framework is presented. The authc
al, 2008 biological factors food behavious  situate 'neighbouhoods and communities”, "restaurants an
Interpersonal family, friends, peers availability, fast food outlets”, "supermarkets"”, and "convenience and
Organizational work sites, schools, food corner stores" within "Physical environments (settings)", th
child care affordability, third most proximal level to actuabehavious (individual
Community. neighbourhoods and barriers and factors and the social environment are considered more
communities, supermarkets, facilitators proximal; macrdevel environments are considered more
convenience and corner stores, to healthy distal). Levels are seen as interacting and all directly or
restaurants eating indirectly contribute to shaping dietatyehaviours. Access to
Public Policysocietal and cultural supermarkets and grocery stores is suggested to be an
norms, food marketing and media, important determinant of dietarypehaviourand is also
economic systems, government and suggested to be socieconomically patterned with poorer
political structures and policies and rural areas having decreased access to supermarkets
Both communiy and consumer nutrition environments are
identified as promising venues for positive change. The
authors also identify eating foods prepared away from hon
as a potentially important intervention setting.
Daniel et Intrapersonal psychosocial fztors, Food access Cardio This ecological nmdel focuses on biological plausibility of place
al, 2008 individual SES and resources vascular risk impacting cardiemetabolic disease. Opportunities to access

Interpersonat social capital
Organizational educational facilities
Community. opportunities to procure
healthy foods

Public Policy health/social services

or disease

healthy foods are considered contextual factors that interact
with structural factors to affect both the indirectognitive path
(psychosocial facts) and the directontextual path (non
conscious perceptions, individual SES and resources), which
affects allostatic load. Weight status and allostatic load intera
to cause cardignetabolic disease. Many epistemological
perspectives in trandiscplinary studies of health and place are
needed. Difficulties in ascribing causality to associations
between place and health include modest strength of
associations; limited grounds for demonstrating temporal orde
and; biological plausibility.
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Author, Ecological levels included Constructs Outcome  Description
year Addressed
Black & Intrapersonal genetics; attitudes  Food access, Weight Neighbourhoods act as moderators on hedigthavious, a
Macinko, and norms food quality, status relationship which may also be mediated by individiexkel
2008 Interpersonal social support and  food variablesNeighbourhoods may also act as mediators in the
capital availability relationship between social, historical and political factors and
Organizational not explicit individual factors.
Community access to high quality
food; phystal features
Public Policysocial, historical and
political factors
Ford & Intrapersonal SES Food access, Dietary SES moderates the impact of FEs on edigftavious.
Dzewalt- Interpersonat not explicit food behaviour Specifically, higher SES is protective at all levels of FE quality.
owski, Organizational not explicit availability, S quality FEsre identified as ones in which goagality healthy
2008 Community quality of the retail FE food foods are accessible and available.
Public Policynot explicit affordability
Brug et Intrapersonal Demographic and  Food access, Dietary The ANGELO framework and the EnRG model organize the ex
al, 2008 psychosocial factors food behaviour research and recommend future resehrstrategies. The EnRG
Interpersonal Micro sociecultural — availability, S model is a duaprocess model recognizing thbéhavious can be
factors food direct, automatic responses to environmental cues or can be th

Organizational not explicit
Community. Physical erivonments
Public Policy Macrolevel political,
economic and socioultural
environments

affordability

result of conscious beliefs and decisions. EnRG hypothesizes t
FE characteristics categorized by sidGELO framework can hav
a direct influence on dietarigehavious by triggering more or less
automatic responses to environmental cues. The authors note
lack of weldesigned studies on point lead to a lack of strong

evidence for the crucial importaemf FES in causing overeating.
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Author, Ecological levels included
year

Constructs
Addressed

Outcome

Description

Chow et Intrapersonal Psychosocial Food access, Cardio Neighbourhood FE features related to diet include aspects of b
al, 2009  behaviour biologic risk factors food vascular ~ community nutrition environments (relative access to healthy v
Interpersonal Social networks, availability, risk or unhealthy food stores; variety and quality of stores; variety and
social capital food disease quality of restaurants; weding machine availability) and consum
Organizatonal: not explicit affordability, nutrition environments (food costs, istore retail environments,
Community Access and availabilitr barriers and relative availability of healthy and unhealthy items in stores anc
of healthy food choices facilitators to restaurants).
Public Policyfood policy, healthy
advertising, promotion of healthy eating.
vs unhealthy foods
Lytle, Intrapersonal individual factors Food access, Dietary The author presents a conceptual model that examines the
2009 Interpersonat socia factors food behaviour proportion of variance in &ingbehavious explained by
Organizational social factors availability, S individual, social, and environmental factors. This conceptual
Community environmental factors food model hypothesizes that as individual and social restrictions
Public Policynot explicit affordability increase, environmental factors explain an increasing proportio
of eatingbehavious. The author mvides examples related to
psychometric testing of FE assessment methods, and discusse
relevant measurement issues in the field.
Mayer, Intrapersonal Income, education, Food quality, Weight In the ecological model presented, the community FE is seen a
2009 sociademographics food access, status interacting with communitylevel physical, political, and economi

Interpersonat culture
Organizational Schools
Community. food access
Public Policynot explicit

food
affordability

features, with various othetheoretical models, and with
community characteristics (including income, education,
race/ethnicity) to impact food quality, convenience, and cost,
which themselves interact with the theoretical frameworks to
impact on community dietarppehaviourand chidhood obesity.
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Author, Ecological levels included Constructs Outcome  Description

year Addressed

Diez Intrapersonal stresspehavioual Food access, Health In the conceptual model presented in this article, residential

Roux, mediators, biological attributes food segegation by race and SEP can reinforce inequalities in resoL

2010 Interpersonal neighbourhood availability, distribution, such as neighbourhood physical environments
social environments food (including food resources). Neighbourhood physical and social
Organizational not explicit affordability environments interact to produce outcomes related to
Community. neighbourhood behavioual mediatas and stress, which interact to impact healtl
physical environments (e.g., food Historically, neighbourhood research has been atheoretical anc
resources) has relied on convenient data. More recently, the development
Public Policyinequalities in and refinement of neighbourhootkvel environmental measures
resource distribution has resulted in reseahers being able to adopt more theoretical

approaches.

Forsyth Intrapersonal:taste preferences; Food access, Dietary In the conceptual framework proposed by the authors, persona

et al, health concerns food behaviour O2y aid NI Ayida I NB &SSy preferencef&S

2010 Interpersonal:social/household availability, S specific foods, while a landse and transportation factors related
context food to food availability and access (e.g., access to stores and
Organizationalsocial context affordability restaurants, food cost, availability of food) moderate the
Community store and restaurant relationship between food preference and purchasimgla
access; seasonal availatyilof consumptionbehavious.
food; opportunities for gardening
Public Policylocal agriculture

Rose et  Intrapersonal tastes and Food access, Dietary The authors present an economic model of food choice, adapted t

al, 2010 preferences; income; age, food behaviour include neghbourhood effects. In the proposed model, the
ethnicity, education; car ownershig availability, relationship between neighbourhood food access and food
Interpersonal social acceptability food purchasing is mediated by a number of intead interpersonal
Organizational in-store affordability, factors including travel cost, food cost, promotional effects, social
characteristics; social acceptability barriers and acce_p'_[ability_, andastes and preferer_1ce. _The authors argue for a
Community. travel costfood cost;  facilitators to mult|d|men3|qnal approach to stqdylng links petween food access
neighbourhood food access healthy eating dietarybehavious, and note that in general, findings from the studi

Public Policynot explicit

that have used mukdimensional measures of access show significi
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relationships between the neighbourhood FE and dietsliavious.

Author, Ecological levels included Constructs Outcome  Description
year Addressed
Giskes et Intrapersonal not explicit Food access, Dietary The simple conceptual model presented by the authors indicate
al, 2011 Interpersonal not explicit food behaviour that dietary intakes mediate the relationship beten the FE and
Organizational not explicit availability, s and weight status. In other words, dietary intakes are identified as tl
GCommunity: FE food weight mechanism by which FEs impact weight status.
Public Policynot explicit affordability, status
food quality
Casey et Intrapersonal biologics, Food access, Weight The second auceptual model presented by the authors indicate:
al, 2011  demographics, psychosocial food status that features of the built environment (including food access)
Interpersonal social support, availability, interacts with the social environment to impact food and physic
cultural and normativeeonstraints  food activity behavious, as well as overall health. The relationship

Organizational not explicit

Community Spatial accessibility of
food stores and restaurants

Public Policynot explicit

affordability,
barriers and
facilitators to
healthy eating

between buit environment features antdehavious is modified,
mediated, and/or confounded by individual characteristics and
characteristics of the social environment (such as population
density, collective functioning, and social networks).
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Table 22: Reviews and dzLJLI2 NI F2NJ Df FyT | yR O2¢tf Sl 3dzS5aQ Y2RSt IyR [&idftSQa Y2
Author, Outcome  Subjects Nutrition Main Findings Glanz et [ edf.
Year environment £ Qa model
addressed
Richter  Dietary  Youth Consumer  Only one of 16 studies examimgjirenvironments related to nutrition or + n/a
et al, behaviou physical activity examined an aspect of the FE in relation to a dietary
2000 r 2dzi02YS® ¢KAA &0GdzZRE FT2dzyR F22R | ¢
Booth et Obesity  Youth Community  Only oneof nine articles reviewed addressed FE features (fast food acces - +
al 2005 and No relationship was found between weight status in {meome children and
adults proximity to fast food outlets. Limitations in environmental research incluc
use of seHreported BMI and indect measures of place (e.g., @iScensus
defined) rather than environmental audits.
Matson Dietary  Youth Consumer  Of nine communitylevel interventions related to food availability and + n/a
Koffman behaviou and affordability, mostshowed some association with improved nutrition. Four
et al, r adults out of five quasiexperimental designs showed positive associations while
2005 one showed negative associations; three out of foureaperimental
designs showed positive associations while one showeddwesults (i.e.,
associations were positive in certain populations).
Taylor et Dietary Youth Community Food cost is the most important determinant of food choice when income + +
al, 2005 behaviou and restricted. The increased availabjliand marketing of fast foods is also
r Consumer  concerning in terms of dietatyehavious.
Kamphui Dietary = Adults  Community Thirteen associations between FE factors and fruit and vegetable intake ' Mixed +
s etal, behaviou and examined. Only three gre significant and in the hypothesized direction.
2006 r Consumer  Good local availability of fruits and vegetables seems to be positively rele
to intake, although evidence is limited.
Casa Dietary  African Communiy  Only two studies addressed environmental features related to dietary inte + +
grande  behaviou America among African Americans, and both found positive associations between
et al, r n adults characteristics and diet quality.
2007
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Author, Outcome  Subjects Nutrition Main Findings Glanz et R
Year environment £ Qa model
addressed
Faith et Dietary  Adults Community Three macrolevel approaches related FEs were reviewed: taxing or + n/a
al, 2007 behaviou and subsidizing foods, manipulating food access, and restrictingsado certain
r and Consumer  foods. Findings from the limited data on point indicated that subsidizing
obesity healthy foods increases purchases of those foods. No studies examined
effects of taxation on dietary outcomes. In terms of manipulating or
restricting food access, @lénce was less consistent.
Giskes et Dietary  Adults Community Of the nine associations (from two studies) examined between FE factors Mixed n/a
al, 2007 behaviou and dietary intakes, only two showed significant relationships with dietary
rs Consumer intakes. Few studies examined aspects of the community or consumer
nutrition environment. Therefore, it is too premature to make conclusions
about the impact of the environment on diet.
van der Dietary  Youth Community Both studies among children examining FE characteristics and dietary — + n/a
Horst, et  behaviou and behavious found significant associations in the hypothesized directions.
al, 2007 rs Consumer  Among adolescents, three out of four associations between fruit and
vegetable consumption and fiiuand vegetable availability at restaurants
were significant and positive; one association examined between food
availability and dietarypehavious was not significant. Few studies examine
FE determinants of dietatyehavious inneighbouhoods.
Papas et Obesity  Youth Community  Of six studies addressing some aspect of the FE and BMI, five examined + +
al, 2007 and and access, and one examined food affordability. Food affordability was
adults Consumer  positively related to lower gains in BMI ovethreeyear period. Results of
studies examining food access and weight were less consistent.
Story et  Dietary Youth Community Access to supermarkets and grocery stores is suggested to be an important + +
al, 2008 behaviou and and determinant of dietarybehaviourand is also suggested to be seeimnomically
rs adults Consumer patterned with poorer and rural areas having decreased access to supermarl

Both community and consumer nutrition environments are identified as
promising venues for positivehange. The authors also identified eating foods
prepared away from home as a potentially important intervention setting.
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Author, Outcome  Subjects Nutrition Main Findings Glanz et R
Year environment £ Qa model
addressed
Black & Obesity  Youth Community Of seven articles reviewed related to food access and obesity, three foun Mixed +
Macinko and and associations between food access and weight status in the expected
, 2008 adults  Consumer  directions; four found no significant associations. One gtexiamining food
affordability found a positive association between weight status and high
prices of fruits and vegetables.
Ford & Obesity  Adults  Community All three studies reviewed found significant associations suppottiag + +
Dzewalt hypothesis that individuals exposed to poor quality retail FEs are more lik
owski, to have poorer dietary and weight outcomes than those exposed to highe
2008 quality FEs.
Holsten, Obesity  Youth Community Five of seven studies reviewekaved associations between an aspect of Mixed +
2009 and the FE and BMI. Significant findings were related to the presence of diffe
adults food store types, food store proximity, and food store distribution.
Larson & Dietary Youth Gommunity  The authors of this review employed a snowball sampling methodology to re' Mixed +
Story, behaviou and and articles related to environmental determinants of food choices. Evidence
2009 rs adults Consumer regarding retail food store and restaurant access and-digtted outcomes was
mixed, although some evidence suggests that price might be a more salient
determinant of dietary intake than access, particularly for fast food intake.
Larson Dietary Youth Community Evidence from the US generally suggests that those who have better acc + +
et al, behaviou and and to supermarkets and reduced access to convenience stores have healthi
2009 rs and adults  Consumer  diets and lower levels of obesity. With respect to restaurant access, there
obesity were less consistent findings. Somedance suggests that neighbourhood
residents who have better access to full serve restaurants and greater ca
barriers to fast food consumption have healthier diets and lower obesity.
Lovasi et Obesity  Youth Community  Four of theseven studies examining supermarket access and weight outcomes fo Mixed +
al, 2009 and significant associations between lack of supermarket and higher levels of obesity
adults Associations between the presence of small grocery stores or convenience store

were mixed (one out afwo found associations in the hypothesized direction). Strol
support exists for supermarket availability as an important FE characteristic.
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Author, Outcome  Subjects Nutrition Main Findings Glanz et R
Year environment £ Qa model
addressed
Sallis & Dietary  Youth Community Food access appears to contribute to the dietaghavious of local Mixed +
Glanz, behaviou and and residents, although evidence is mixed regarding racial and ethnic dispari
2009 rs and adults  Consumer in accesso full-service supermarkets. There is stronger evidence to suggt
obesity that fast food restaurants are more concentrated in poorer neighbourhooi
but the evidence for the impact on residents' diets and weight status is
mixed. Variations in consumer nutriti@nvironment features might explain
some of the racial/ethnic or socioeconomic disparities in nutriielated
outcomes.
Carter Obesity  Youth Community Five studies examined the relationship between food access and childrer Mixed n/a
& weight status with mixed results.
Dubois,
2010
Fenget Obesity Youth Community Little betweenstudy similarity of methods prevented estimation of pooled Mixed +
al, 2010 and effects and limits what can be learned from this body of evidence. Of the
adults studiesexamining aspects of the FE and weight status, 14 showed signifi
associations in the expected direction, six showed no association, and tw
showed associations in an unexpected direction.
Galvez  Dietary  Youh Community  Of four studies examining food access and obesity, three found associati Mixed n/a
et al, behaviou in the hypothesized direction (using measures of proximity, density, and
2010 rs and presence/absence of stores as environmental exposure variables). Of the
obesity studies focused othe relationship between food access and dietary
behavious, four found associations in the hypothesized direction.
de Vet et Dietary Youth Consumer In this review of reviews, seven reviews (which included 232 unique sjud + n/a

al, 2011 behaviou
rs

examined environmental determinants of dietdsghavious. In the only
review reportedly examining an aspect of the FE (food price), authors reg
a negative association between food price and overweight among childre
and youth.
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Author, Outcome  Subjects Nutrition Main Findings Glanz et [edf:
Year environment £ Qa model
addressed
Fleisch  Obesity  Youth Community Of 15 studies examining weight status and fast food access, seven (47% Mixed +
hacker and found significant assdations with obesity, while eight (53%) found no
et al, adults significant associations. Only one of five studies in children found fast foc
2011 access to be associated with weight. Six studies examined associations
between dietarybehavious and fast food access and refed mixed results.
Safron et Dietary  Youth Community In eight systematic reviews included, the only FE variable receiving Mixed n/a
al, 2011 behaviou and preliminary support in terms of impacting diet was the availability of fruits
rs and Consumer  and vegetables in restaurants. The availability in grocery stores showed |
obesity YAESR &dzlJL2 NI F2NJ 6SAy3I |y AYLRN
dietarybehavious. Conclusions should be drawn with caution, since the
review indicates that evidence faissociations are weak (due to the lack of
replication and the high prevalence of cresexctional studies).
Giskes et Dietary  Adults Community Of 14 studies examining some aspect of the FE and outcomes, weiglg s Mixed n/a
al, 2011 behaviou and (but not dietarybehavious) was consistently associated with food access:
rs Consumer  greater supermarket accessibility and lower fast food outlet accessibility
were associated with lower overweight or obesity. Environmental factors
may influence BMI through @mplex interplay of factors, including physice
activity. Great variation existed between studies in measurement and in
defining environmental factors and dietabghavious, which may have
contributed to the heterogeneous findings.
Casey et Obesity  Youth Community  Thirteen papers examined FEs and childhood obesity and found the mos Mixed +
al, 2011 consistent relationships between weight status and convenience store

access. Links between built environment characteristics and dietary
behavious are irtonsistent, and analysed in few studies.
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Author, Outcome  Subjects Nutrition Main Findings Glanz et [edf:

Year environment £ Qa model
addressed
Leal & Cardio Adults  Community Signifcant associations were reported between aspects of the FE and we + +
Chaix, vascular and status in 22 of 29 studies (76%). Grocery store access was associated w
2011 risk and Consumer  lower weight status, while convenience store access was associated witt
disease higher weight. Less consistent associati were reported by studies

examining restaurant access and obesity. Price was consistently associa
with weight. Associations appeared stronger among women and low SE¢
individuals.

+ The majority of associations examined showed significant asmts in the expected direction between the FE characteristic of interest
and the outcome of interest

- No studies showed significant associations in the expected direction

Mixed FE features were inconsistently related to outcomes of interest

n/a  Supportfor this model was neither assessed in the review nor discussed in the article
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1. Introduction

Public health researchsrand practitioners are increasingly interested in how
the built environment affects health. In that broad context, the recognition of
environmental determinants of footelatedbehaviourhas gained momentum over
the past twenty years, with a number of dogical models of food choice and eating
behaviourbeing developed over the past decade or(50). Conceptual models of the
food environment, reviewedlsewhere(194), reflect different disciplinary foci,
including public health, marketing, and land use planning and transportation.
Conceptual models also differ in their categorization of specific determinants and
outcomes ofinterest: body mass index, diet quality, and food purchasing have all
been treated as outcomes in published models. Glanz and colleagues proposed an
especially salient model, which has been cited in many food environment sijlies
Several benefits of employing environmental (as a complement to individuel)
assessments have been identified, including potentially less bias fromepelts,
greater efficiency and cosffectiveness than individudéve measures, and
increased sensitivity to early program effects relative to individexa! health
outcomes(54).
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factors including the types of retail food outlets and the availability, quality, and price

of different kinds of foods, such as prepared foods, fresh produce, and other
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neighbouhood food environments consist of a number of related constructs. In

general, extant research attempts to demonstrate associations between one or more

of these constructs (e.g., food access, availability, quality, and affordability) and a

diet-related health outcome, or with arelevel disadvantage (e.g., research

examining food deserts, generally defined as disadvantaged areas lacking access to

affordable, nutritious food}8, 9, 194). Foodaccessa geographical understanding o

locations people can procure food, has often been used as a proxy for the underlying

construct of foodavailability, the kinds of foods available where people shop. With
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food restaurants, convenience stores) based on the assumption that healthy foods
are more or less available at different types of outi@t34).

Over the past few decades, over 500 food environment assessment methods
have been developed and have been compiled in a database maintained by the
National Cancer Institute, part of the U.S. National Institutes of H¢&Bh The sheer
number of existing assessmamithods and the few extant studies that compare
different food environment measur@8, 41, 43, 160, 185) mean that the field of food
environment assessment is characterised by inconsistent operational dfigit
(194). Contributing to these inconsistent findings is a lack of consistent operational
definitions the geographic scale at which environmental exposures are hypothesized
to operate(5, 194). These inconsistencies have created varied findings with regard to
purported associations between food environment variables and health outcomes
and have hamperedteempts to use policies (e.g., zoning restrictions of fast food or
convenience stores around schools; incentives for grocery stores to open in
underserved areas) to improve health outcomes.

1.1 The Measurement Imperative

While theoretical models of the @ environment are being developed and
tested using a number of methods, much work needs to be done to better
understand the measurement properties of food environment assessment tools. For
example, a literature review published in 2009 reported that driyl% of food
environment measures had been tested for any psychometric properties, including
inter-rater or testretest reliability and/or construct validitfl95). A more recent
review and critique of food environment measures noted an urgent need for better
psychometric testing, since only owmgarter of tools reviewed reported both validity
and reliability testing and a further 12% reported relldpitesting along115). The
most recent review examining food environment measures did not report the
proportion of tools that have undergone psychorrietor ecometric testing, but
noted that instruments should undergo rigorous validity and reliability testing in the
formative stages of development to assure the usability and adaptability of food
environment measuregl17). Several systematic reviews of food environment
constructs and dietelated outcomes have recommended that assessment tools be

psychometrically and/or ecometrically evaluatét 9, 94, 110).
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Psychometric evaluation is coerned with establishing validity and reliability
in its overarching interest in the theory and technique of measurement, while
SO2YSUNRO S@Iftdzr A2y NBFSNBE (2 |y |3IINBILGS Y
perceptions of their environment®?2). To date, psychometric research has generally
been conducted at the level of the individual, and has explored individual
motivations, beliefs, perceptions and attributéd?). Construct alidity, an important
consideration in psychometrics, has been defined as the extent to which a given
YSIF &dzZNB ao0SKF@Sa¢g Ay I+ gt e& O@Y@ohsiicSy i oAGK (K¢
validity is comprised of two ain components: operational definitions (how are
constructs measured?), and syntactical definitions (how are constructs related to one
another within a theoretical system®7). Ecological assessment methods have
generally lagged behind psychometric approaches to measurement in g€h@éal
although several studies have examined construct validity by comparing certain food
environment measures with others in the same ptation (18, 41, 43, 160, 184, 185).
Of particular interest in these studies is the extent to which agreement exists
between objective and perceived chataristics of food environments. For example,
one study used intr&lass correlation coefficients to assess agreement between self
reported and directly measured healthy food availability, and produced a receiver
operating curve to show how sensitivity aspecificity of a perceptiohased
measure in relation to an objective environment measure changed with different cut
off points(41). Another study used logistic and multinomial regression to estimate
associations between perceptions and objectivabgessed healthy food availability
(184). A third study used ctiquare goodness of fit tests to assess the agreement
between food access perceptions and objectively defined food environment variables
(185). One of the earliest papers to compare different methods of characterising local
food environments examined supermarket density, individual perceptions of healthy
food availability and aggregate survey responses of indeperidérmants(160).
Authors analysed each type ainable in separate binomial regressions to examine
whether the results were qualitatively similar between food environment measures.
Taken together, the results from these studies generally indicate that objective and
perceptual measures of food environmieconstructs exhibit only modest, and

inconsistent associatiord@1, 160, 184) Consequently, the extent to which health
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related outcome variables are more influenced by objective or perceptual measures
of food environments has yet to be definitively established.
Only one study used more than one objectivdgfined measure in its
analyseg184), and none have simultaneously considered how different objective
measures of the food environment might be related to each other. Thus, tletpn
of whether different objective measures of food environment variables are truly
measuring the constructs they purport to measure remains. Because measures differ
in terms of resources needed to implement, there is a need among both researchers
andpractitioners to know how closely a healthy food environment characterised by
one method corresponds to its characterization by another method. By examining
several methods simultaneously, it will become clearer how closely different methods
are related toeach other.
A multitraitmultimethod matrix (MTMM matrix) is a psychometric procedure
used to assess theperational definitiorcomponent of construct validity. MTMM
LINE OSRdzZNBa I NBE aO2yOSNYySR 4gAGK (GKS | RSIljdzr Og 2-
rather than the adequacy of a construct as determined by the confirmation of
GIKS2NBGAOIffe LINBRAOGSR | aa2 OXBgilhathgra oA GK YSI
words, MTMM matrices examine the operational, rattiean the syntactic,
component of construct validity. In this procedure, originally developed by Campbell
and Fiskél86) a set of ¢ constructs is measured by m methods. The resulting data are
cm measures anthe correlation matrix is known as a MTMM matrix. Using this
approach, construct validity is demonstrated through high convergent validity
between different measures purportedly assessing the same constructs, and low
discriminant validity between the sarassessment procedures measuring different
constructs or different measures assessing different constructs. MTMM matrices
have been used in a wide variety of disciplines to describe construct validity of
individuatlevel constructs, such as personalijdt A 1a 2NJ AYRAGARdzr £ 4Q LISND
diverse issues.
The objectives of the present study were to: (1) construct a MTMM matrix to
systematically examine the construct validity of four different types of food

environment measures purportedly assessingethdifferent constructs: food
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availability, food affordability, and food quality, and; (2) examine how geographic
scale influences convergent and divergent validity coefficients.
2. Methods
2.1 Sampling

This study was undertaken in collaboration with NEVVR Neighbourhood
Environments inWaterloo RegionPaterns of Transportation andHealth) in the three
urban centres of the Region of Waterloo (population 553(@0@)), Ontario, Canada,
a study designed to examine how different urban built environments impact a variety
of healthrelated outcomes, including physical activity, diet, and obesity (methods
described elsewher¢}98). The NEWPATH sample was stratified by neighbourhood
walkability, housebld income and household size, with allocation to achieve high
statistical power to detect hypothesized effects of walkability. This stratified random
sample was recruited to achieve representativeness in income and household size
according to 2006 Canadizensus data. Participating households completed a paper
questionnaire that included food environment perceptions. Home addresses of
NEWPATH participants who had complete survey data in the urban centres of the
Region (n=2397 household with complete syrdata for the following analyses)
were geoacoded, entered into a database and represent the centroids from which
buffer zones were established. The three urban centres of the Region of Waterloo are
spatially contiguous and are surrounded by four ruralnehips. Because of the lack
of consensus around which geographic scale is most appropriate for examining food
environments, ArcGIS 9.1 software was used to establish 250m, 500m, 1000m, and
MmpnnY 9dz0t ARSIFY RA&GIYyOS 060dzZFFSRoul 2y Sa | NRdzy R |
different buffer zone sizes were examined to test construct validity at different scales;
previous food environment research using buffer zones have tested different
geographic scales and reported significant findings at some scales but not (ithers
15).
2.2 Food Environment Assessment

Four different food environment assessment methods were used to measure
characteristics of food outlets in the three cities in the Region, including three
objective measures (NEMER37); sheltspace(122), and; the Retail Food
Environment Index (RFEIB)0 | YR 2y S &dzo02SOGA GBS YSI &adzZNBE 6b92;
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perceptions of their local food emanment, defined as stores within a 10 to 15
minute walk, approximately 1km to 1.5 km from their homes). Takled®scribes
food environment assessment methods employed in the current study. Two of the
objective store methods (shefipace and NEMS) assesed one of each chain
convenience store, pharmacy and superstore, and each grocery store and
independentlyowned convenience store, pharmacy, and specialty store in the three
cities. Because chains strive to be identical in terms of advertising, prorsppoice,
and food available within the outlet, this process of assessing only one of each chain
restaurant, pharmacy, superstore and convenience stores was deemed acceptable.
Because grocery stores in the Region differ in size (and may offer differehtqhsd,
all grocery stores were assessed. Names and locations of food outlets were identified
dZaAy3d GKS wS3IA2y 2F 2| GSN¥I22Qa tdzof-A0 | SFfiK I
coded data for each food outlet in the region whose premises are inspectpdlidig
health inspectors, and by systematic observafi#@). All outlets in the resulting
database were coded to reflect standard North American Industry Classification
Systencodes for use in the RFEI calculation. Data were collected between May and
August, 2010.
2.2.1 Training of Raters

A total of six observers conducted food outlet assessments. Raters had all
obtained at least two years of university education. Raters waieed to use the
NEMSS by the first author, who completed a NEMS Fta@Trainer workshop in
March 2008199). A NEMSS survey that has been adapted for Canada was used, as
the study took place in Cana¢200). The first author also trained all raters to
conduct sheHspace measures in stores, based on standard proidepll22).
Training included classroom sessions to provide background information, review of
the tools, practice sessions, and field work in food outlets, with feekilmm results,
and took approximately one week until raters consistently achieved all correct
answers on measures. During debriefing sessions, discrepancies between raters were
discussed and consensus on appropriate data was reached. Decision rules dedte ad
to protocol handbooks, which trainers took to each outlet assessment to support
precision in rating. In addition, different raters periodically assessed the same outlet

throughout data collection for purposes of comparison and immediate feedback to
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limit drift from occurring in observations. Inteater reliability was assessed using
intraclass correlation coefficients for the shefface measure, and ranged from an
average ICC=0.858 for canned fruit to an average ICC=0.996 for fresh vegetables
(mean IC for all types of food assessed=0.940). The first author participated in all
data collection, and weekly meetings further clarified questions or issues that arose
during data collection.
2.3 Statistical Analyses

Two sets of MTMM matrices were constructied each of the four buffer
zone sizes (250m, 500m, 1000m, 1500m). The first set of MTMM matrices included all
data (buffer zones where food outlets existed as well as those where no food outlets
existed), to assess both convergent and discriminant walidiwith respect to
ranking food environments and also in assessing the presence and absence of food

outlets within each buffer zone. The second set of MTMM matrices only included

0dzFFSNI T 2yS8 6KSNB T22R 2dzif S affeSenesa SRS

GKFG O2yGrAy F22R 2dziftSiasx K2¢g ¢Sttt R2
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method-construct variables (e.g., NEMSood availability; shefpace food

availabilty; RFEI food availability). Since not all methods were designed to assess all
constructs, the resulting MTMM matrices differed from traditional individeakl

MTMM matrices in that they were slightly unbalanced. Reliability coefficients

differed for eah tool employed. For the NEMSand food environment perceptions,

AVOSNYIFE O2yaradsSyode daAy3d /[ NResdeOKQs | LKL

rater reliability was calculated. Although the RFEI was originally developed to assess

food access, the ?UNB y i a (i dzReé Ay Of dZRSR wC9L &02NBa

because, as mentioned, food availability is thought to be the underlying mechanism

by which food access affects cietlated outcomes. The RFEI measure did not lend

itself to the calculatia of reliability coefficients because it is a eibem measure
06KAOK YI1Sa FaaSaaay3a / NRyolOKQa | f LKL
changes over a short time (hecessitating testest reliability) nor is it rated by more

than one rater (necessitimg inter-rater reliability). For all convergent and

discriminant validity coefficients, Spearman rather than Pearson correlations were
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calculated because the metrics for each assessment tool were different. Correlations
were calculated using SPSS Stigts 9.

Food availability as defined by the NEfIS ¢ & NB OSyGfte Of FaaAFTASR
goldd G I y R1), Mkl has been shown to be related to diet qua(@91) and weight
status(153). To further assess the validity of the other food environment measures
against the NEMS, sensitivity and specificity of all measures were calculated by
dichotomizing the NEMS food availability score at the median and all others were
discretized athe distributional deciles, consistent with previous resea@l). A
receiver gerating characteristics (ROC) curve was plotted to show how the selection
of different cutoff points for the measures affected calculated sensitivity and
specificity. The ROC curve was created by estimating sensitivity and specific for the
food environmat measures using 10 threshold values based on distributional deciles.
For the ROC curve, data were limited to those households that included at least one
food outlet within 1000m. Data at 1000m were included to increase consistency
between how respondent&ere asked to think about their neighbourhood when
answering the questions (within-IL5km from their homes) and the objectively
measured characteristics.

3. Results

Food environment assessments were carried out on 47 grocery stores, 51
specialty stores9 pharmacies (representing 22 unique locations), three warehouse
clubs (representing 13 unique locations), and 169 convenience stores (representing
289 unique locations) in the three cities. Final buffene databases were based on
data from 421 food stes within the study area. Using the Public Health Inspection
Database to identify food outlets, 11% of grocery stores and 10% of convenience
stores were either not applicable to the NESr shelspace measures (i.e., they
sold no food or beverages dney only sold a limited number of canned goods that
were not rated by either tool) or not at the address given. Four convenience stores
and one grocery store were found through systematic direct observation mg#@d
and did not exist in the public health database. In total, assessments on 68% of stores
that were at the location listed and open during business hours were carried out, with
the highest refusal rate among convengz stores (almost 40% of convenience stores

refused to allow raters complete assessments). A probaitbised technique was
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used to randomly assign NEMSscores and shedpace data from the observed
stores to missing data from similar types of stones1(31, 32% of stores), consistent
with previous food environment resear¢R02). Reasons for missing@anclude the
food outlet being closed temporarily for renovations or that the owner or manager
refused the raters access to their establishment.

MTMM matrices showed that each tool had generally good reliability, with
the exception of the NEMS Affordd A f A (1 & O 2-0C17ZB. yhiesfein rediability
for the NEMSS food availability and food quality components were good and
SEOSttSyld o6hTI'ndycm YR hTrnodupd NBELISOGAOGSt o
method ranged from good (ICC of 0.858 ¢anned fruit) to excellent (ICC of 0.996 for
fresh vegetables), with an average ICC of 0.940 (excellent) for the eleven items
assessed. Inteitem reliability for subjective measures were acceptable to good
Ohrndtne F2N F22 R lq@lityl E.883fdr fodd afforflability T TH F2 NJ T2 2 |

In the first set of MTMM matrices using all data, relatively high convergent
validity coefficients between objectivelmeasured characteristics (ranging from
r=0.789 for shelbpace and RFEI to r=0.911 for NEB/&d shelfspace within
250m,m for example) indicated that measures performed well. TaldesBows
trends in convergent validity coefficients by buffer zone size. In general, convergent
validity among objective measures decreased with increasing geogrsiphite.g.,
r=0.911 for shefspace and NEMS at 250m to r=0.174 at 1500m; r=0.851 for NEMS
{ FTYR wCOL Fd wpnY G2 "Tnonced G mMpnnYO0XI & KSNJ
perceived measures increased or remained stable with increasing geographic size
(e.g., F-0.010 for NEMS and perceived food availability at 250m to r=0.213 at
1000m). In the second set of matrices (presented in tables 3 to 6), convergent validity
coefficients were lower, indicating that measures do not as successfully rank food
environmentsin the same order (e.g., r=0.911 for NEBI&nd shel§pace at 250m
for the first set vs. r=0.459 for the second set).

For both sets of MTMM matrices, high discriminant validity coefficients
existed between the constructs of food availability and foodlgy for both objective
(NEMSS) (r=0.785 at 250m for the first set (data not shown); r=0.577 at 250m for the
second set) and perceived measures (r=0.830). Conversely, low discriminant validity

coefficients existed between food affordability and the otlwenstructs (e.g., at
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250m, r=0.323 for food affordability and NEMSavailability; r6.015 for food
affordability and shelspace). In addition, convergent validity coefficients were
generally very low between objective and perceived measures in baoshose
matrices (e.g., at 250m in the second set0r810 for perceived and NEMSfood
availability; r=0.014 for perceived availability and sispice).

The ROC curve in Figure 1 shows sensitivity and specificity using various cut
offs for shelispace RFEI and perceived availability using NEB\viailability of all
stores within 1000m as the standard. The area under the curve represents the
probability that a higher score in shedpace, RFEI or perceived availability for a
randomly chosen high NEMSavailability score will exceed the result for a randomly
chosen negative case. The area under the curve was highest foisphael (0.666,
p<0.001), 0.580 (p<0.001) for perceived availability, and lowest for the RFEI (0.523,
p=0.093), indicating that shedf LJ- OS A& (GKS Y2adG | OOdzaNF GS LINBRAO
FoFAflroAtAGEE a4 QKI NRISGLENIS] SR &S AHKEAS abFF aA{NE 0
interpretations.
4. Implications

This study focused on th@perational definitiorcomponent of construct
validation wsing a traditional psychometric procedure to assess the convergent and
discriminant validity of four food environment measures assessing three different
food environment constructs: food availability, food quality, and food affordability.

Internally, eachmeasure appeared to be reliable, consistent with previous
reports of reliability for NEMS37) (other than the items measuring affordability),
sheltspace(122= | YR NI & A R §360 206 DesiStditheSedérallg goad
reliability, the second set of matrices (which only included data from environments
where food outlets existed) showed low convergent validity coefficients at all
geograplic scales for the mukinethod assessment of the food availability construct.
These results suggest a method effect, i.e., what is actually being measured by these
instruments differs substantially by method. In terms of the mui&thod assessment
of food availability using RFEI and NE®3ow convergent validity coefficients may
not be surprising, considering that the RFEI takes fast food outlets into account in
addition to food stores, while the NEMSis only relevant for food stores. Similarly,

the relatively low convergent validity between shsfface and NEMS may be due to
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the fact that the shel LI} OS Y SI &dzZNB RAR y2d GF 1S Aydz2 |

FT22Ra¢ | 4aSas%eR. whiethe sh&pabedredsure assessed fruits

and vegtables, the NEMS collects data on low fat and whole grain products in
addition to fruits and vegetables). Because each instrument reflects different

dzy RSNX @Ay3 | dadzyYLliAz2ya o02dzi GKSFEGKeé
different food items.Interestingly, every method used in the current study has shown
some correlation with weight statud.4, 15, 140, 153) or diet quality(41, 160, 201),

albeit in different populations, and despite the relatively low convergent validity
between the different methods asssing the same construct. This is interesting
because the low convergent validity among the tools employed might indicate
different pathways through which the actual constructs measured are associated with
weight status or diet qualityThe different meagres may be tapping into constructs

that exhibit different (and even contradictory) effects on outcomes, or may tap into
different mechanisms by which outcomes occur.

In general, findings from the current study contradict the argument that
benefits of enironmental assessments may include less bias fromreptrts and
increased sensitivity to early program effe¢®d). Findings indicate that
environmental assessment method selectimay indeed influence how food
environments are ranked or categorized.

Unexpectedly high discriminant validity coefficients between food availability
and food quality both for objective measures (NES)Sand perceived measures
indicate that food availabty and food quality may not be separate and distinct
constructs, at least in this study setting. Therefore, food environment methods
assessing both food availability and food quality may be redundant. Practically
speaking, including quality measures nmay contribute meaningfully to food
environment assessments because of its high correlation with food availability
measures. The high correlation is not necessarily surprising, given that it is the quality
of availablefoods that is assessed. Several stgdiave found food quality to vary by
arealevel socioeconomic status, with more disadvantaged areas selling foods of
lower quality(37, 116, 203). For lower correlations to exist, foods must be present
but not of high quality. In urban areas in the Region of Waterloo, food deserts have

been identified(204), but these areas are lacking in food retail outlets altogether,
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which would also increase the correlation between food availability and quyaig).

In other contexts, where loincome and/or minority residents are concentrated and
poor food quality has been identified as a barrier to healthy eafl®®), assessing

food quality may be an important feature of overall food environment assessment.
Methodologically speaking, including variables that are not as highly correlated (e.g.,
food availability and food quality in areasere available foods are of lower quality)
would also more meaningfully contribute to predictive models.

On the other hand, the low discriminant validity coefficients between food
affordability and other measures would argue for the inclusion of foodrdéfloility
measures in food environment research, since the low discriminant validity
coefficients indicate that current affordability measures assess a different construct
than availability or quality. That said, although intem reliability was adequatfor
perceived affordability, inteitem reliability for NEMS affordability was surprisingly
low and negative. The NEMStool scores outlets based on relative, rather than
0&a2ftdziSs I FF2NRIoAfAGEd { LISOAEAGIaf t &3
cheaper than the regular option (e.g., lgat milk compared to highefat milk;
whole-wheat bread compared to white bread; lesugar cereals compared to higher
sugar cereals). A low intétem reliability reflected the fact that there was no
consistacy within outlets in terms of whether the healthier items cost less or more
than the regular items. Indeed, the NEMISreators note that in their sample, price
scores were low in general, and differed significantly by store type andleveh
income, bui not in the hypothesized direction (convenience stores andilosome
areas had lower prices for some healthy foods than grocery stores and figioene
areas)(37). Findings suggest that improving food affordability measures may be an
important direction for future research. One potential avenue of exploration is
healthy food baskets, which tia been identified as a meaningful way to capture food
affordability (205, 206). The National Nutritious Food Basket (NNFB) in Canada, for
example describes the cost of approximately 60 foods that represent a nutritious diet
for individuals based on age and gender; a Revised Northern Food Basket has also
been created for Aboriginal communities and includes culturally acceptable foods
(207). Municipal and provincial governments use the NNFB to monitor the cost of a

nutritious diet in their jurisdictiorf206). Further, describing the cost of the NNFB as a
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proportion of welfare payments engages the NNFB as a useful advocacy tool for
groups concerned with food insecurity in their communit{68).
The second objective of the current study was to examine how geographic
scale influences validity coefficients. In general, convergent validity between objective
measures decreases with increasin@gephic scale. If two variables are roughly
bivariate normal angbositively associated because they measure the same construct,
the most typical pattern would be a decrease in correlations as buffer zone size
increases, because with larger buffer zondsservations increasingly violate
independent assumptions. In other words, the smaller the buffer zone, the closer the
observations are to being independent, since there is less overlap between buffer
zones.
In both sets of matrices, correlations betweerrpeived measures and
objective measures seemed to increase with increasing geographic scale. This finding
may reflect the wording of the question participants were asked. Specifically,
LI NI A OA LI yia @sadéhink ¢f soiirMaigbudBHeod évsdy thé area
withinaboutalowp YAy dziS 6+t 1 om G2 modp 1Af2YSIiINBaov ¥
their food environments. The current study supports previous food environment
d0dzZRASa adzaA3SadGAy3 GKFd NBAARSYy(tw® LISNOSLIGIAZ2Y:
assessments of environmen(t7, 189); however, withinthis finding there is some
evidence that residents may be able to conceptualize a 1 km buffer zone around their
homes, since correlations between objective and subjective measures were generally
highest at the 1km buffer zone level (reflecting the quegt@da ¢ 2 NRA Y 30 @
Regarding the ROC analyses, the statistically significant area under the curve
forbothshelfa LI OS |y R LISNOSLIiA2ya AYRAOFGS GKFG (KS2
FT22R | @F At | 0Af A G 28 sigrRiftchillyd&ter thantBacehddted b 9 a {
under the curve is a useful orstatistic summary of the accuracy of the test as a
predictor of the golestandard test, which is especially helpful given the three
different methods that were compared to the NEMBSPrevious research using a ROC
curve for perceived availability vs. directly measured availability (also using4SEMS
reported the area under the curve for perceived availability was 0(858 slightly
higher than the current study, which found the area under the curve to for perceived

availability to be 0.580.
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The current study contributes to the field of enviroantal assessment
methodology through the novel application of a traditional psychometric tool.
Assessing measurement properties of environmental characteristics is much less
developed than the field of psychometri(@2, 196). Previous work to translate
psychometric theory to environmental constructs has been criticized for being limited
to consideration of levelsf potential error for longitudinal observations or for relying
on ecometrics, which may not be a valid indicator of objective environmental
characteristic92). Lytle described the challenges in translating peyaetric
principles to environmental measures. In her example of how construct validity might

be assessed in food environment research, Lytle seems to favour syntactic definitions

2PSN) 2LISNI A2y I f RSTAYAGA2YA Aoywhih&@ Ay Ay I O2yai

YSI &dz2NB WoSKIF@SaQ Ay I gk & O@YR BEa).Sy i
focussing oroperationallydefining food environment assessment methods, the
current paper aims to set the stagerfluture work onsyntacticallydefining
constructs by first describing convergent and divergent validity of different method
construct combinationsA syntacticdefinition would consider how constructs are
related to one another within a theoretical systg@i/), and would require outcomes
and other theoreticallyinvolved variables of intest to be analysed. Future research
should consider how different conceptual models are upheld using theoretically
justified variables of interest by assessing whether and how outcomes are predicted
by different food environment variables after controtiifior pertinent covariates.
Several limitations of the current study exist. First, using buffer zones around
households as the geographic unit meant that independence assumptions were most
likely violated. The novel application of an MTMM matrix to enwvinental
constructs, however, is a strength of the study. Second, the study could have been
strengthened by including an absolute measure of food affordability, such as a
nutritious food basket. The low convergent validity for affordability between the
NEMSS and residents perceptions may have been due to the low reliability of the
NEMSS affordability measure. The NESas been applied in many settings (e.g.,
seven studies published in 2011 used the NES® an adapted NEMSto
characterize food environents) (153, 184, 209-213), and therefore it is impdant

that the current study informs future use of the tool. Third, the study was conducted
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in three cities where, although food deserts have been identified, overall food access
is very high(204). If the current study was conducted in a context where the quality
of food environments was more variable, results may have been different. Fourth, the
use of Euclidean distance rather than network distance buffer zones may b
limitation, however when respondents report on food environment features within 1
to 1.5km of their homes, it is unlikely that they reflect on precise network distances.
Future research should carefully consider which food environment
assessment methadand geographic scales are most appropriate. Although there is
some evidence that commonlysed assessment methods adequately distinguish
between the presence and absence of food outlets, they do not agree as much in how
food environments should be rankeBinally, returning to the relevance of the
current study for policy makers interested in policies aimed at improving food
environments, findings do not support the notion that all food environment
assessment methods measure the same constructs. In theexbof restricted
resources and competing priorities in local public health departments, if measures
were highly correlated, a recommendation could be made to use the least expensive
method, since all measures assess the same construct. Based on titesgdj
however, we cannot recommend that less resouitiensive methods (e.g., the RFEI)
should be used over more resouragensive methods (e.g., the NEMS, since the
measures seem to be assessing different constructs. Future work exarsymitagtic
definitions (and specifically examining how well different measures predict diet
related health outcomes) will help to elucidate the question of whether simpler, less
expensive measures predict outcomes as well as (or better than) more

comprehensive measas.
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Table 31: Description of food environment measures

Instrument Outlet type Constructs Methodology Psychometric
assessed Addressed tests conducted
previously
Sheltspace Stores Availability Cumulative linear shelf space of fruits and vegetables Inter-rater
measure§l 22 (fresh, frozen and canned varieties). reliability; face
) and construct
validity
NEMSS Stores Availability Objective audits of food stores Inter-rater and
Checklis37) Affordabilit test-retest
y reliability; face
Quality and construct
validity
Retail Food Stores and Availability Geographic analysis of ratio ofimber of fastfood None
Environment restaurants outlets and convenience stores to grocery and speciall
Index stores
(RFEQLS)

Neighbourhoo Stores and Availability

d food restaurants Affordabilit
environment y
perceptiongl Quality

60, 196)

Ageement with the following statements on apbint
[ATSNI aolrtS FaaSaaSR NB
environment. Three statements assessed food

I oAt FTOoOATAGRY GCKSNB A&
vegetables available in my neighbourhgod & ¢ K S
large selection of lowat products available in my
YSAIKO2dINK22RE T

aLd Aa S

NBadldaNFyyia Ay Yeé ySAIKO
FaaSdaSR T22R | FF2NRI 0Af
the prices in my neighbourhoddNBE (22 KA 3

produce in my neighbourhood is more expensive than
GKFG Ay 20§KSNJ y S A@EtprodidsiK
my neighbourhood are more expensive than those in
20KSNI FNBFaoég ¢g2 adl dsSy
fresh produceinmy fe3 Ko 2 dzZNK22 R A &
& ¢ K Sfatfp@dicts in my neighbourhood are of high
jdzl £ A0 & P

Inter-item and
test-retest
reliability

88



Table 32: Convergent validity trends using all data

Method-trait variables Correlation at Correlation & Correlation at Correlation at
250m buffer 500m buffer 1000m buffer 1500m buffer

Food Availability

NEMSS & Shekspace 0.911 0.849 0.455 0.174

NEMSS & RFEI 0.851 0.724 0.213 0.069

NEMSS & Perceptions -0.010 0.036 0.213 0.069

Sheltspae & RFEI 0.789 0.798 0.343 -0.019

Shelfspace & Perceptions 0.014 0.081 0.262 0.238

RFEI & Perceptions 0.005 0.020 0.035 0.007
Food Quality

NEMSS & Perceptions -0.045 -0.032 0.035 0.030
Food Affordability

NEMSS & Percepbns 0.022 0.013 0.029 0.036
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Table 33: MTMM Matrix at 250m

NEMS Shelf RFEI Perceptions
Space
A B C A A A B C
1. NEMSS
A. Food availability 0.861
B. Food quality 0.577 0.925
C. Food affordability -0.323 -0.054 -0.173
2. SheltSpace
A. Food availability 0.459 0.406 -0.015 0.858to
0.996
3. RFEI
A. Food availability 0.089 0.120 -0.132 0.240
4. NFE Perceptions
A. Food availability -0.010 -0.041 0.029 0.014 0.005 0.746
B. Food quality -0.027 -0.045 0.033 -0.006 -0.022 0.830 0.772
C. Food affordability 0.042 0.032 0.022 0.034 0.042 -0.171 -0.110 0.833

Reliability coefficients
Convergent validity coefficients
Discriminant validity coefficients

90



Table 34: MTMM matrix at 500m

NEMS Shelf Space  RFEI Perceptions
A B C A A A B C

1. NEMS

A. Food availability 0.861

B. Food quality 0.499 0.925

C. Food affordability  -0.229 -0.105 -0.173
2. SheltSpace

A. Food availability 0.467 0.290 -0.073 0.858 to

0.996

3. RFEI

A. Food availability 0.061 0.121 -0.078 0.401
4. NFE Perceptions

A. Food availability 0.036 -0.007 0.041 0.081 0.020 0.746

B. Food quality 0.006 -0.032  0.037 0.041 -0.007 0.830 0.883

C. Food affordability ~ 0.046 0.053 0.013 0.032 0.094 -0.171 -0.110 0.772

Reliability coefficiets
Convergent validity coefficients
Discriminant validity coefficients
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Table 35: MTMM matrix at 2000m

NEMS Shelf Space  RFEI Perceptions
A B C A A A B C

1. NEMS

A. Food availability 0.861

B. Food quality 0.427 0.925

C. Food affordability -0.265 -0.234 -0.173
2. SheltSpace

A. Food availability 0.310 -0.008 0.015 0.858 to

0.996

3. RFEI

A. Food availability 0.028 -0.084 -0.247 0.192
4. NFE Perceptions

A. Food availability 0.169 0.035 -0.031 0.262 0.035 0.746

B. Fodl quality 0.166  0.035 -0.067 0.210 0.034 0.830 0.833

C. Food affordability  -0.014 -0.110 0.029 -0.001 0.055 -0.171 -0.110 0.772

Reliability coefficients
Convergent validity coefficients
Discriminant validity coefficients
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Table 36: MTMM matrix at 1500m

NEMS Shelf RFEI Perceptions
Space
A B C A A A B C
1. NEMS
A. Food availability 0.861
B. Food quality 0.548 0.925
C. Food affordability -0.234 -0.208 -0.173
2. SheltSpace
A. Food availability 0.143 -0.018 0.070 0.858to
0.996
3. RFEI
A. Food availability 0.031 -0.115 -0.291 -0.051
4. NFE Perceptions
A. Food availability 0.127 -0.009 -0.013 0.238 -0.007 0.746
B. Food quality 0.167 0.030 -0.059 0.214 -0.004  0.830 0.833
C. Food affordability 0.011 0.000 0.036 0.015 0.047 -0.171  -0.110 0.772

Reliability coefficients

Convergent validity coefficients
Discriminant validity coefficients
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Figure 31. Receiver operating curve for food environment measures versus directly
measured availability, Kitchener, Cambridge sviaterloo, Ontario, 2010. Directly
measured availability (NEMS Availability) was dichotomized at the median; curves
reflect data discretized at the distributional deciles. Data assessed at the 1000m
buffer are displayed here.
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1. Introduction
Healthydiets are essential for maintaining health and preventing chronic
diseaseg214, 215). The importance of environmentdeterminants of dietary
outcomes is increasingly recogniz2d 6), and an environmental perspective on
dietarybehavious has been advocatd@9, 217). The topic of food environments, in
particular, is gaining tractiowith researchers and policymakers. Policymakgoften
with little empirical evidence have begun to take action on food environments
through zoning regulations and laiuse planning in communitigd 9, 20, 218).
Expanding the empirical basis for such policies could facilitate the implementation
and evalugion of policies for dissemination to other jurisdictions. However, food
environment assessment research is rife with inconsistencies in terms of assessment
methodology and operationalizing relevant geographic area, contributing to
inconsistent associatianfound between food environments and outcon(8g, 219).
This is problematic because the impact of policies attempting to modify food
environments cannot be rigorously evaluated without using vaiid ieliable food
environment assessment measures.
Lack of standard assessment tools has resulted in an inability to compare
findings across places and populations, which is a significant limitation in the
literature to date(219). Public health practitioners and organizations are increasingly
interested in obtaining reliable and valid measures of important food environment
constructs in the context of budgetary constraifitd5). One important issue that has
y2i 0SSy I RSljdz 6dSft& I RRNBS&aaSR (G2 RIGS Aa GKS |
perceptions of the food environment vsbjective measures of the food environment,
f 0K2dz3K aS@SNIf addRASE KIS FGGSYLWGSR G2 02"
least one objective measu@8, 41, 43, 184, 220). This issue is particulg important
F2N) LR2fAO_YI {SNBA AYGSNBalSR AgcorfektOA f AGFGAY 3T af
which healthy diets are supported. The relative predictive strength of perceived vs.
objective food environment measures with respect to dielated outcones has
different implications for policy. If perceptions about food environments are more
LINBRAOGADSSE Y2NB STFTSOUAGS LRfAOASA YAIKU F2O0
nutritious, affordable foods in their neighbourhoods. Conversely, if objefdive

environment variables are more predictive, effective policies might aim to increase
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objective access to nutritious, affordable foods (e.g., through strategies aimed at
improving nutritious food affordability in corner stores).
In addition to policymplications, comparing perceptions and objective
measures also has theoretical consequences. While objective measures may describe
GKS T @FAflloAfAGE 2F aAaLISOAFAO FT22Ra 6A0GKAY | R
different types of food outlets, percéion-0  a SR Y SI adzNBa avl e KIF@S i
FRGFYyGdlFr3S 2F 60SAy3a FotS G2 GFLI Ayt2 NBaARSyda!
2 dzii f(B9(p 4185). Moreover, a better understandiof the relationship
between perceptions and objective measures and the relative predictive power of
perceptions vs. objective measures will support empirical refinement of theoretical
models (and interventions or policies developed from these mod&&s)).
Constructs of the food environment have been categorized as fitting within
the community nutrition environment, which relates to foadcesgi.e., proximity to,
density of, or diversity of designated food outlet typeithin a defined geographic
area), and the consumer nutrition environment, which incorporates faaailability;
food affordability, foodquality (1, 117). Foodavailability, the presence or amount of
hedthy foods available for purchase within a specified geographic area, is often
hypothesized to be the underlying mechanism by which facckssaffects health
outcomes, since food outlet types have been found to differ in terms of food
availability (37). Neighbourhood foodffordability can be defined as the relative or
absolute cost of nutritios foods in a specified geographic area, and fgoality is
considered the quality of available foods, including considerations of withered or
bruised fresh produce or expired foods, which act as a deterrent of food purchasing
(158). Each of these constructs may be influenced by different levels of government
and other sectors. For example, municipal governments can take action on food
accesghrough land use planning.9), federal or state governments can affect food
affordability and availabilityby subsidizing nutritious foods in remote communities
(221) or through implementing guidelines farovide nutritious foods in a range of
settings.
Studying associations between perceptions and objective measures, which
will advance a theoretical understanding of food environments, has resulted in mixed
FTAYRAYIED wSaARSY(4&QentOnIubtedieugusiliit. 2F FT22R Sy gAl
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hypothesized to be positively associated with objective measures of the same
constructs. Associations between objective and perceived characteristics are

generally inconsistent, or low and positive some studes; 18, 41, 220, 222, 223),

and nonexistent in other§l84). Few studies have examinédw different objective

measures might predict perceptions in the same study population. In one study,
satisfaction with local fruit and vegetable availability was lower in neighbourhoods

further from a supermarket, but was not associated with objectiksarvations of
neighbourhood fruit and vegetable variety, prices, or qudliff). In another study,
adzLISNXY I N)] S RSyaardte LRairAiAgdSte LINBRAOGSR NBaLJ:
availability of nutritious foods; other fooalccessneasures (store variety, small store
density) inconsistently pA O SR NI & A R @§).Fér @mardSondpl&dJi A 2 v &
theoretical understanding of food environments, more research building on previous
correlational research is needed to clarify which of the many existing objective

measures best predictresdy 1 8 Q LISNOSLIi A2y a o

Studies on the relative predictive power of objective measures vs.
perceptions for diefrelated outcomes, which has policy implications as described
above, also show inconsistent findings. For example, perceived (but not objective)
food availabilityand affordability were predictive of food purchasing in Austra).

Both perceived and objective food environment measures predicted diet qa8jy

and fruit and vegetable intak@24) in the United States. Another study from the

United States found objective measures (but not perceptions) predicted diet and

weight among lowincome women(184). Intuitively, perceptions might be expected

02 0SGGSNI LINBRAOG 2dzi02YSas 3IAQSYy GKFG LIS2LIX S
more reflected by their perceptions than by objective measy4s3.

Three main limitations of the extant research relate to the use ofnon
generalizal® samples, geographic scale concerns, and measurement issues. First,
much research has relied on samples for which results are not generalizable: low
income individualg17, 184, 223); only women(16, 42, 184); only adolescentf225,

226), or; convenience sampl€g24)). Second, not all studies have used
geographically congruent scales for perceived and objective variables (e.g., objective
food environment measures have been implemented at scale and resident

surveys at another scal@&6)). Third, no studies to our knowledge have used more
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than one objective masure to operationalize each food environment construct,
although a few studies have made use of more than one kind of objective measure
(41,160, 184). In terms of outcome measures, only one study to our knowledge used
a comprehensive indicator of dietary quality as an outcdfr@®); other research has
been limited to examinations of specific dietdsghaviaurs (e.g., fruit and vegetable
intake (184, 224, 225)) or specific food purchasingehavious (43, 226).

To overcome these gaps, the current study examines the extent to which
different objective food environment measures predict perceptions, and also explores
whether a variety of objective and perceiveambd environment assessment methods
predict dietrelated outcomes in a populatiebased sample. The objectives of the
current study were to:

1. describe the diet quality, body mass index (BMI), waist circumference (WC),

and food environments in a populatidrased sample;

2. determine the extent to which a variety of objective food environment

YSIadzaNBa LINSRAOG NBaiARSyi(taQ F22R SYOANRYYS

3. determine the relative ability of objective and perceived food environment

measures to predict diet qualiBMI or WC.

We hypothesized that (a) objective food environment characteristics will predict
perceptions, and (b) food environment characteristics, particularly perceptions of
food environments, will predict diet quality, BMI, and WC, even after adjuftdinipe
confounding effects of individual and househdddel factors associated with these
outcomes.

2. Methods

This study was conducted in conjunction with the NEWP AEiglibourhood
Environments inWaterloo RegionPdterns of Transportation ancHealth) project (see
B P bo92t! ¢l Qa 202SO0GADS o1 a G2ctivo&d NI OGSNRAT S |
subjective aspects of built environments including walkability, physical activity,
dietarybehavious, and health outcomes in an urban, populatisesed sample.
NEWPATH data collection occurred between May 2009 and May 2010. Data from a
complemernary project aimed at characterizing food environments in the same three
cities from which NEWPATH patrticipants were recruited (Kitchener, Cambridge, and

Waterloo, Ontario), were collected between May and August, 2220). The
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NEWPATH study received ethics clearance from the University of Waterloe @ffic
Research Ethics and the Behavioural Research Ethics Board at the University of British
Columbia. Ethics clearance was not necessary for the second study, as no data were
collected from human participants.
2.1 Participants

hyS 2F Db92t ! ¢ kxainelfeatdfes of ¢the Built éngironment in
relation to health outcomes; therefore, the sample was stratified by neighbourhood
walkability, household income and household size, with allocation to achieve high
statistical power to detect hypothesized efts of walkability(30). This stratified
random sample (N=4902 individuals in 2228 htwadds) was recruited to achieve
representativeness in income and household size according to 2006 Canadian census
data. Conditional response rates (proportion of household that completed the survey
once recruited) varied between 56% and 64% over the sasgof data collection
(30). Households were recruited in dggirs across all days tife week. Everyone in
the household over the age of 10 years patrticipated in the study, although inferential
analyses presented here were restricted to participants 19 years of age and older,
since children and youth may interact differently with the beitvironment than
adults(12), and the number of children and youth in the dataset was insufficient to
support agespecific analyses. Moreey, children and youth did not provide data on
education level, which was considered a covariate in all regression analyses
(discussed below).

The NEWPATH study contains nested data: individuals within households.
Individuatlevel data were considered lelv&; household data were considered level
H® tFNOGAOALI GAYy3 K2dzaSK2ft Ra 6SNB NBONHZA SR (2
GO2YLX SE¢ &adaNBSé LI O1F3ISd ¢KS aaAYLI Sé¢ OSNBA 2
survey (which included househeland individualevel denographic information) and
a paper questionnaire that included food environment perceptions (considered a
householdlevel variable, since the satfentified main food shopper in the household
completed that survey instrument). All participants selported their weight, height,
and waist circumference, according to standard protd8@). Participants from
K2dza SK2f Ra K2 O2YLX SiSR lionallydanpletfddobk & dzZNBISe LI

records over the two days of the survey.
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For descriptive analyses, the sample included 4734 individuals within 2223
K2dzaSK2f R& 0ooyH AYRAQGARdAzZ f& Ay mMpoo K2dzaSK2f |
package; 1352 individuals within 690dm SK2f Ra 02 YL SGSR GKS aO2 YLX
package) who had complete data on all variables of interest. For the inferential
analyses, the sample (excluding those aged 18 and under) comprised 4102 individuals
within 2223 households (2932 individuals in 15380S K2 f Ra 02 YLX SG SR (KS «a
adzNBBSe LI O1F3ST mMmTn AYRAGARAZ fa gAGKAY cdn K3
survey package) who had complete data on all variables of interest.
2.2 Measures
2.2.1 Outcome variables
Perceptions
To examine whether objeci&vmeasures predicted perceptions (objective
two), perceptions were considered outcome variables. Takldidts the questions
used to create four perceptual scores relatedarxessavailability, affordability, and
quality. Each question was assignedcare out of four (ranging from 1=strongly
disagree to 4=strongly agree); therefoegcesavas scored out of 1&vailabilitywas
scored out of 12affordabilitywas scored out of 12jualitywas scored out of 8. High
correlations betweeraccessavailabilty andqualitya O2 N & o/ NPy ol OKQa I f LIKI
on standardized items for the three scores was 0.904) justified the creation of an
Gl OMNBE A (0 SRE LIS N S addedghvhilabdity, liliquadity sBafes ¢ A K
being summed and standardized. Perceptiohfood affordability were not
correlated with the other three measures, and therefore the affordability score was
standardized on its own. The two perceptual variables were treated as continuous
variables. In both cases, higher scores represent increagegement with
statements related to improved neighbourhood foadcessavailability, quality, or
affordability.
Obesity: body mass index and waist circumference
To examine the relative predictive power of objective vs. perceived food
environment measuwgs on individualevel outcomes (objective three), outcome
measures from all study participants included BMI, which was calculated based on

seltreported weight and height (kg/f, and the mean seffeported WC from two
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measurements. Seteported WC hasden found to be a satisfactorily accurate proxy
for measured W@32).
Diet Quality
TwoRl &8 F22R NBO2NR RIGF FNRBY Fff LI NIAOALNY
survey were used to calculate Healthy Eating Index adapted for Canad&]ldEdres
(31). The HEC is a comprehensive diet quality indicator based on dietary adequacy
(including the number of servings of vegetables and fruits, whole grains, number of
grams of satuated fats) and moderation (including the proportion of energy intake
from saturated fats and sodium intake). The {@Ekflects Canadian food intake
NBO2YYSYRIFIGA2ya oFaSR 2y LINIGAOALI yGaQ 3S |yl
higher scores represent bettaiet quality(31). Mean HELC scores over the two days
was considered a continuous varialtecapture even small variations in diet quality,
which might not have been captured using a more crude categorical outcome of diet
quality.
2.2.2 Exposure variables
Obective food environment assessment procedures
Names and addresses of all food outlets in the three cities were obtained
from the public health inspection database maintained by the Public Health
Department. North American Industry Classification Systefl@S) codes were used
to categorize outlet types listed in the databg227). When NAICS codes were not
200A2dza FTNRY 2dzit S$6aQ yIYSas 650 asSkNOKSa 2NJ ¢
b!L/{ O2RS® hyS 2F SI OK OKIAYgINBadldz2NIyld 6Sd3
convenience store (e.g;M M0 X LIKIF NI O&8 o60S®3Id>s { K2LILISNIDA 5 NHz=
club or superstore (e.g., Walmart) were randomly selected from the database to be
assessed. Because chains strive to maintain consistency in menus, available products,
and promotions, the decision to assess one of each chain was deemed justifiable.
Every grocery store and specialty store and each independently owned restaurant,
convenience store, and pharmacy were assessed. The amounts and types of foods in
grocery stors seemed to vary by the size of grocery store (L. Minaker, unpublished
observation), thus, every grocery store was assessed. Stores were assessed using the
Nutrition Environment Measures Surv&yores (NEMS)37), and linear shel§pace
YSIadNBa 2F aLISOATAO aKSIHE (R)EE3Y MR ddzy KSI £ (K2 ¢
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restaurants, the Nutrition Environment Measures SurgdBestaurants (NEMR)(38)
was completed. Of note, in addition to assessngilabilityandaffordability, the
NEMSR also purportedly assesses barriers and facilitators to healthy eating. This
measure, although included in analyses, was not the main focus of the current study
and is therefore not further discussed below.

Six observers with at least two years of unsigreducation each collected
food environment data. The first author trained raters to use the NEID9) and
shelfspace measured4, 122). Trainig included classroom sessions and field work in
food outlets, with feedback on results, and took approximately one week until raters
consistently achieved all correct answers on measures. During debriefing sessions,
discrepancies were discussed and corssenon appropriate data was reached.
Decision rules were added to protocol handbooks, which trainers took to each outlet
assessment to support precision in rating. Additionally, different raters periodically
assessed the same outlet throughout data coli@atfor purposes of comparison and
immediate feedback to limit drift from occurring in observations. The first author
participated in all data collection. Inteater reliability was assessed using intraclass
correlation coefficients for the she#fipace masure, and ranged from a mean
ICC=0.858 for canned fruit to mean ICC=0.996 for fresh vegetables (mean ICC for all
specific items assessed =0.940).

In total, 611 restaurants were assessed {&gfvice restaurants, limited
service eating places, and dringiplaces: NAICS codes 7221, 7222, and 72241
respectively). NEMB scores from the randombelected chain restaurants were
imputed into the same 301 additional chain restaurants listed in the Public Health
Inspection database, resulting in data from 912quie restaurant locations being
compiled. Fortyseven supermarkets and grocery stores were assessed (NAICS code
44511); 47 specialty stores were assessed (NAICS codes 44523209); 169
convenience stores (including those attached to gas bars) weessesd (NAICS code
44512); 9 pharmacies were assessed (NAICS code 446110), and; 3 warehouse clubs
open to the general public without a membership were assessed (NAICS code 45291).
Table 42 shows details related to the food environment assessments. Appab&iyn
11% of grocery stores and 10% of convenience stores identified in the Public Health

Inspection Database were either not applicable to the NESUB shelspace
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measures or were not at the address given. Four convenience stores and one grocery
store were found through direct observatio@0), and were not listed in the public
health database. In total, assessments on 94% of outlets that were at the location
listed, open dumg business hours, and applicable to the food environment
assessment methods were carried out, with the highest refusal rate among
convenience stores . Reasons for missing data include the food outlet being closed for
renovations or that the owner or managrefused the raters access to their
establishment. A probabilithased was used to randomly assign NEBARores and
shelfspace data from the observed stores to missing data from similar types of stores
(n=131, 31% of stores; 10% of the total numbeowtdets); this procedure has been
used in previous food environment reseatdH). Final buffer zone databases were
based on data from 421 food stores and 912 restaurants within the study area. Buffer
zone creation is described below.
Geographic Scale Operationalization
ArcGIS 9.1 software was used to establish Euclidean distance buffer zones
I NPdzy R NBalLRyRSyiaQ K2YS I RRNBaasSa a4 wpnyY Iyl
food environment measures exhibited the best construct validity at 250m buffers;
however, variables whin 1000m buffer zones were also calculated, since these most
closely corresponded to the wording of the food environment perceptions questions
GNPSOS atfSFasS GKAY] 2F @2dNJ ySAIKO2dzZNK22R | &
minute walk (1 to 1.5 km) fro® 2 dzZNJ K2 YS € 0 ®
Food environment measures
Table 41 lists all food environment assessment methods.
Perceptual food environment variables
As described above, two perceptual food environment variables were
ONBI 4§ SRT 2y S NBTFE S Oacées, dBilablity quglity 3h@otheilS NOS LIG A 2y &
NEFf SOGA NBaARSy(iaQ LISNDODSLIiAzya 2F | FF2NRIFOAf
2), these variables were treated as outcome variables; in the second set of analyses
(Objective 3), they were treated as indepemti@ariables.
Objective food environment variables

Food Access
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Seven objectivaccessneasures were included. Two intensity measures (the
number of stores within each buffer zone and the number of restaurants within each
buffer zone)153, 228, 229), three proximity measures (distance to the nearest
grocery stoe, nearest convenience store and nearest fast food ouflEd3, 230), a
diversity measure (number of diverse food outlet typ@d3, 229), and the Retail
Food Environment Index (RFED) assessedccess

Food Availability

Three objectiveavailabilitymeasures were included. A shefface measure
assessed linear shedpace of fruits and vegetables (fresh, frozen, and canned
varieties) and engjy dense shack foods (salty snack foods, cookies and crackers,
donuts and pastries, candy, and carbonated beverages) in stores, and has been
associated with weight statyd4). The NEM$(37) has been associated with
NB a A RSy (i a Q58)Savatakility pardeptiing2z®) and dietary pattens(201),
YR KFa 088y O2yAARSNBR | 632 (4B Farthe yRIF NRéE F221
current study, a Canadian adaptation was used to reflect Canadian consumption
patterns and food intake recommendatio(00). The NEM®R (38) has alsdeen
aa20AFGSR ¢6A0GK NI5Z Meas NEMBAndNEMETaKailabiktyl I ( dza
scores from all ouets within each buffer zone were calculated. Cumulative linear
shelfspace of fruits and vegetables and of energy dense snack foods was calculated in
metres for each buffer zone.

Food affordability

Three measures assessaffiordability. two were derivedrom the NEMSS
measure and one was derived from the NERISeasure. The traditional NEMNS
affordability score assesses relatiaffordability of healthier versions of standard
foods by assigning points to the lowfat, whole-grain, or lowersugar optiorof two
comparable food$37). Poor interitem reliability results for the NEMS affordabity
& O 2 NJ0aL73pin this sampl20) led tothe development of an absolute price
score. Price data collected using the NEM&.g., the actual prices of specific foods in
standardized amounts) were used to create a Healthy Food Basket price for each
store. Both imperial and metric measures were dige the creation of the Healthy
Food Basket because in Ontario, some foods are most commonly measured in lbs

(e.q., fresh fruits), while other foods are measured in grams (e.g., loaves of bread) or
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litres (e.g., milk). Because the NEE$ollects price da on a limited number of food
options and not all options are nutritious, foods that overlapped between the NEMS
and the National Nutritious Food BasK2B81) were summed to create a Healthy Food
Basket price. Appendix A lists the foods and amounts included in the Healthy Food
Basket. Intefitem reliability statistics between basket components (relevant items
were summed to create the following categories: vadpes and fruit; lowfat
products, and; grain products) indicated that they had significantly higher internal
Oz2yaraitSyoe o6hT nopy obaffordabilfysderk. Brodefy Stores NRA I A Y I §
in the three cities selling all items (n=38) were includethe mean Healthy Food
Basket price in each buffer zone. The traditional mean NE&ffdrdability scores
and the mean NEMR affordability score were calculated across stores and
restaurants, respectively, for each buffer zone.

Food Quality

The NEMS$assessed thguality of fresh fruits and vegetables according to a
standard protocol37); mean NEMSsquality score for all stores within each buffer
zone was calculated.
2.2.3 Covariates

{20A2S02y2YA0 LRaAGAZ2Y 0{9t0 Aa Faaz2oAl i
and with food environment characteristi¢6, 17, 41-43). For the present study,
level2 covariates included household income and car owhigr, levell covariates
included education and age. Household income was categorized into low (<$35,000
per year), medium ($35,000 to $85,000 per year), and high (>$85,000 per year) based
on the sample stratification. Car ownership (yes/no) was includea eovariate since
Al Ada aa20A1FGSR gAGK FT22ROIJ.A@hadicstidonSy Ga | yR
level was classified as low (high school completion or lower), medium (at least some
post-secondary), and high (at least an undergraduate degvegg.was also included
as a covariate.
2.3 Statistical Analyses

Before proceeding with the analyses, clustering of BMI and diet quality scores
within administrativelybound neighbourhoods (the forward sortation area (FSA)),
was examined. The degree of daplence was measured by calculating the intraclass
correlation coefficient (ICC) between FSA and BMI (small ICC of 0.044, p=0.070), and
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FSA and HEI score (very small ICC of 0.002, p=0.471), suggesting that BMI and diet
quality were independent of FSA. Peptions were similarly not clustered within FSAs
(ICC=0.036 foravailabilityperceptions, p=0.912; ICE3:040 foraffordability,

p=0.933; ICC9H.059 foraccessp=0.988, and; ICC8.038 forquality, p=0.926).
Therefore, it was unnecessary to accoumt ¢lustering within administrative

geographic areas. SPSS 20.0 was used to determine the ICCs.

To fulfill research objective one, diet quality, BMI and WC were examined
using descriptive statistics.

To fulfill research objective two, two sets of linegagressions (one for each
perceptual variable) were used to examine whether objective variables significantly
predicted the perceptual variable of interest. Househtedel covariates included
household income, and car ownership, and were entered intmadels. Objectively
measured variables were entered into separate models, with the exception of those
derived from the NEMS (the traditionabffordability score, theavailabilityscore,
and thequality score were entered together), the NENRS(theavailability,
affordability, and barriers and facilitators scores were entered together), and the
intensity scores (the number of stores and restaurants within buffer zones were
entered together). SPSS 20.0 was used for the linear regression analyses.

To fulfil research objective three, sespecific multilevel linear regression
analyses were used to examine whether individeakel outcomes (BMI, WC and diet
quality) were predicted by objective and perceived food environment variables after
controlling for indvidual education and age, and household income and car
ownership. Sex specific analyses were conducted since males and females may
respond differently to built environmeni®32, 233). HLM 7 was used for the
multilevel regression analyses. Food environment variables were entered separately,
with the exception of the NEMS (the traditionahffordability score, tle availability
score, and thejuality score were entered together), the NENRS(theavailability
score, theaffordability score, and the barriers and facilitators score were entered
together), perceptions (perception scores were entered together), andsitg
(store and restaurant intensity scores were entered together). Because initial results
indicated that BMI, WC, and both perceptual variables were skewedCBrx

transformations were used to improve the normality of these variai?&g)). For all
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analyses, p=0.05 was considered statistically significant, and data were weighted
reflect Canadian Census 2006 totals for the area.
3. Results
3.1 Descriptive characteristics
3.1.1 Sample Characteristics
Household Level

Just under ongjuarter of the sample was loimcome (24.5%), 43.9% was
mid-income, and 31.6% was high income. Raiévehicle ownership were very high
(94.7%) (corresponding to census data indicating that 88% of employees 15 years and
over drive or are driven to work), and the sample was fairly equally split by sex (52.7%
female). Before standardization, the meaoass/availability/qualityperceptual
score was 24.9 out of 36 possible and the matiardability perceptual score was 6.5
out of 12 possible. On average, the closest grocery store was approximately 1km
g & FTNBY NBaLRYyRSy(laQ KeiehSstoréwasabouy 0> GKS Of 2
half a kilometre away (526m), and the closest fast food outlet was 582m away.
Participants had 419.5m of linear shelf space dedicated to energy dense snack foods
and 126.4m of shelf space dedicated to fruits and vegetables witmndtkheir
home on average. Participants had an average of 9 food stores and 20 restaurants
within 1km of home, and the mean RFEI score was 5.6, indicating that there were 5.6
times as many fast food outlets and convenience stores as there were grocerg sto
YR &LISOAlIfde ad2NBa gAGKAY mM1lY 2F NBALRYRSY(:
Individual Level

About 7% of the sample was agedlDyears; 16% was aged-25 years;
34% was aged 285 years; 33% was aged-85 years and; 10% was over 65 years.
For females, mean BMI was 86mean WC was 86.2cm, and mean-8Etore was
pndc O06KAOK O2NNBALRYRa (@1 AmodgRein8ds Ay Yy SSR 27
aged 1220, 79.3% were normal weight, 17.0% were overweight, and 3.7% were
classified as obese, according to International Obesity Fasie (IOTF) cuiffs.
Among female adults, 36.9% were normal weight, 30.5% were overweight (BMI
between 25 and 29.9), 19.3% were class | obese (BMI betwe8s.9) 5.5% were
class Il obese (BMI between 35 and 39.9) and 7.7% were class Il obese |BMI>40
62.7% had a WC over 79.9cm, representing increased or higR238k

112



For males, mean BMI was 27.6, mean WC was 94.1cm, and me@nskibike
ga pnody O66KAOK NBLNSaSyda RASO ljdzrtAGe 2y GK¢
A Y LINE @ S3nSAmibrig males aged 42D, 65.3% were normal weight, 22.2%
were overweight, and.2.5% were obese, according to IOM-offs. Among male
adults, 21.7% were normal weight, 43.9% were overweight (BMI between 25 and
29.9), 25.5% were class | obese (BMI betweeB8489), 6.9% were class Il obese (BMI
between 35 and 39.9) and 2.7% weressldll obese (BMI>40); 54.1% had a WC over
93.9cm, representing increasedr highrisk (235).

3.2 Perceptions predicted by objective food environment characteristics
3.2.1 Proximity variables

Distance to the nearest grocery store {839, p<0.001) and distance to the
nearest fast food outlet (B8.144, p=0.0023ignificantly predictedccesgelated
perceptions. The strongest predictorsaifordability perceptions included distance to
the nearest fast food outlet (B6.15, p=0.002), distance to the nearest convenience
store (B=0.11, p=0.031) (see Table3}.

3.2.2 250m Buffers

No objective factors at 250m significantly predicted either perceptual variable
(data not shown).

3.2.3 1000m Buffers

Table 43 highlights objective predictors of the two perceptual variables at
1000m. The strongest predictors (largestddues) oficcesgelatedperceptions were
linear shelf space of fruits and vegetables (B=2.31, p<0.001) and lineasshedf of
energydense snack foods (B=0.52, p<0.001). Other objective measures at 1000m that
significantly predictedccesgelatedperceptions included diversity, store intensity,
NEMSS availability and quality, NEMRSbarriers and facilitators to healthy eating,
and the mean healthy food basket price.

Linear shelspace of fruits and vegetables within 2000m-B45, p=0.012)
significantly predicted affordability perceptions. The only objective measure
purportedly assessing foaaffordability that significantly predicted affordability
perceptions was the healthy food basket price{B802, p=0.029). Other significant
predictors of affedability perceptions included store and restaurant intensity, the

RFEI, and the NEMRSaccess score.
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3.3 Diet-related health outcomes explained by food environment characteristics

Onlyaccesgelated perceptions predicted diet quality among males (B=51.09
p=0.019); neither perceptual variable predicted any other outcomes among females
or males, as shown in Tabled4 Table 46 shows regression coefficients of food
environment variables at 1000m for females and males, as well as proximity
measures and peeptual variables.

3.3.1 Proximity variables

For females, distance (km) from home to the nearest convenience store was
significantly, negatively associated with BMI and WGB3, p<0.001 and B&:41,
p<0.001, respectively) and distance to the nearast food outlet was significantly,
negatively associated with WC (B:95, p<0.001). For males, distance (km) from
home to the nearest grocery store significantly predicted BMI (B=0.52, p=0.020), and
marginally significantly predicted diet quality (821, p=0.065).

3.3.2 250m Buffers

For females, both NEMSavailabilityand quality predicted BMI (B=0.144,
p=0.005 and BH8.449, p=0.01, respectively), as did store intensity (B=0.691, p=0.002)
and restaurant intensity (B8.152, p=0.044). WC was predicteglstore intensity
(B=1.53, p=0.003), NEM=ffordability (B=1.54, p=0.034), shelf space of energy
dense foods (B=0.020, p=0.006), RFEI (B=0.623, p=0.018), and diversity (B=0.658,
p=0.019).

For males, BMI was predicted by NEB@uality (B=0.490, p=0.02) and
NEMSRaffordability (B=0.453, p=0.020), while WC was predicted solely by NEMS
quality (B=0.97, p=0.006).

3.3.3 1000m Buffers

For females, store and restaurant intensity predicted BMI (B=0.09, p=0.027
and B=0.04, p=0.014, respectively). NEX8@8&ffordability scores were significantly,
negatively associated with BMI B=60, p=0.02), and NEM%availabilityand
barriers and facilitators to healthy eatirggores significantly predicted BMI (B32,
p=0.006 and B=0.17, p=.023, respectively).

Formales, restaurant intensity was significantly, negatively associated with
BMI (B=0.03, p=0.024) and RFEI was significantly, positively associated with WC
(B=0.18, p=0.025). NEMz&ffordabilitywas significantly, negatively associated with
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both BMI and W@B=0.55, p=0.021 and Bt42, p=0.016, respectively), and NERIS
barriers and facilitators to healthy eatirggores were significantly, positively
associated with WC (B=0.33, p=0.043). Only NEM&ilabilitysignificantly predicted
diet quality among rales (B=0.34, p=0.005), although linear skpkice of fruits and
vegetables and mean healthy food basket price marginally significantly predicted diet
quality (B=8.33, p=0.061 and B=0.04, p=0.056, respectively).
4. Discussion

This study has advanced bdtieoretical and policy considerations by
determining the extent to which objective food environment measures predict
NEBAARSy(iaQ FT22R SyYyGANBYYSyYy(d LISNOSLIiA2yaz | yR
ability of objective vs. perceived food environment ma&s with respect to diet
related outcomes.
4.1 Theoretical contributions

In terms of theoretical contributions, many of the objective measures
LINSRA OG SR NB & A Rabeystaiafabilityandsuslidand &y a 2 F
affordability. Linear shelgpace ofruits and vegetables was a stronger predictor of
accesgelated perceptions relative to the NEMS indicating that the amount or
prominence of nutritious foods might better predict perceptions than their presence
or absence (as measured by the NE®)3oreover, while researchers have
hypothesized about the existence of different food environment constr(iGt219),
this study found a) perceptions along the constructaaessavailabilityand quality
to be highly correlated, indicating that these may not be separate and distinct
constructs from a perceptual perspective, ancaffprdability perceptions were
predicted by only one of three objective measures purportedly asseafioglability
(the mean healthy food basket price), but were predicted by five of sevendooess
measures, and aavailabilitymeasure. This could reflect discrepancies between
NBALRYRSYGAaQ LISNOSLIiA2ya 2F GKSANI ySAIKO 2 dzNK 2
operationalzed food environment constructs. Future theoretical development should
acknowledge that constructs may be more interconnected or nuanced than
previously thought.

Food environment characteristics are hypothesized to act on weight status

through dietary mebanisms, so it wasomewhat surprisinghat BMI (and not diet
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quality) was predicted by several food environment variables, since better diet quality
is associated with lowered risk of overweight and obesity in Ca(®tjaThs finding
is, however, consistent with previous reseaf8h and perhaps indicates thatéh
amount of food (reflected by BMI), rather than the quality of the diet (captured by
HEIQ) is the main mechanism through which food environments act on outcomes.
Alternatively, despite being comprehensive, the average HEI score over two days may
be too $ort-term of an instrument to capture dietary patterns, which may indeed be
related to food environmentsThis finding further indicates a need for future research
G2 OFNBTFdzZ fe& O2yaARSNI K2g¢ @& bualityyirbterrhd: G G SNI & €
of adequate micronutrient consumption and moderation of specific miemd
macronutrients including sodium and saturated fags not predicted by food
environment variables, but perhagserall caloric consumptiowould have been
better predictedas a proxinal outcome of food environments. Future research
should examine whether eating patterns (variously operationalized) mediate
associations between food environments and weight status.

One final theoretical consideration relates to the variability of food
environment characteristics. The current study took place in three adjacent cities in
southern Ontario. Findings from an ongoingddintry built environment research
project (236) indicates that built environment metrics vary exponentially more
betweencountries thanwithin countries. Therefore, associations between built
environment features and outcomes may be significantly underestimated in single
country studieg29). In the current study, the fact that the three cities are spatially
contiguous and also relatively homogeneous in terms of urban foey mean that
variability in food environmeirmeasures is even smaller than would variability be
had three spatially separate cities been examingueed, national or statéevel
policies influencing food production, distribution, and marketing might inhibit the
variability of local food environmmgs, precluding a full understanding of food
SYGANRYYSy(iaQ | aa2 OAl (-redoy study RoddenvRodrie®2 YS& Ay
research could benefit from international comparisons to further investigate the role

of food environments in shaping outcomes.
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4.2 Methodological contributions

Methodologically, findings from this study indicate tlzaticessand relative
affordability in stores were most predictive of BMI and WC, which underlines the
importance extending traditional examinations of foadcesgo include
considerations of relativaffordability. Interestingly, absolutaffordability
(operationalized with the mean healthy food basket price) did not significantly predict
any outcomes. This finding further reflects the complexity of operationalipiodg)
environment constructs and merits further investigation to examine how food costs,
variously defined, are associated with outcomes.

Second, geographically, objective measures more successfully predicted
perceptions at 1000m buffers relative to 250mfters, possibly corresponding with
the geographic scale respondents were asked to consider in the survey question. To
maximize correspondence between measures, future research should ensure the
same geographic scale for both. Interestingly, for femalesitiye associations
between store intensity and BMI and negative associations between restaurant and
BMI were weaker at 1000m buffers relative to 250m buffers. This finding may be
related to the fundamental geographical principle of distance decay, ttiemthat
individuals are less likely to interact with locations that are further away. For variables
that were related at one scale but not another, it may reflect the fact that distance
decay varies across conteXg37, 238). It is additionally interesting that increased
store intensity predicted increased BMI and increased restaurant intensity predicted
decreased BMI. This may reflect other considerations related to food purchasing

behavious and use of food owdts. For example, it may be that an increased number

2F AYIft FT22R aG2NBa 6AGKAY sFE1Ay3I RA&GHYO

from these kinds of food stores, which tend to supply mantritious foods(239).
Conversely, an increased number of restaurants within walking distance may not be
as related to purchasing patterns in restaurants but instead may reflect walkability,
which has been associated with inased physical activity and decreased weight
status in some studie@40). Future research should examine whether and how food
environment influences on food purchasing may vary across outlet types.

Third, differential findigs for males vs. females were consistent with other

results(233), and suggest that future research should usesgcific models. For
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females, disance from home to the nearest convenience store best predicted BMI
andWFSYIfSa 2F | @SN IS KSAIKG omPcpYI pQpbo
6.4cm smaller WC for every km increase in distance from home to the nearest
convenience store after accoting for household income, car ownership, and
individual age and education level. For males, convenience store proximity did not
significantly predict BMI, but grocery store proximity did: for each one km increase in
distance away from the nearest groceryi 2 NB> | SN 3S KSAIKG YIfSa
were 1.6kg (4.1Ibs) heavier after accounting for covariates. Thesgpgeific findings
may reflect the gendered nature of relationships with fd@d1, 242), and should be
further explored in qualitative and quantitative studies. On average, the NEWPATH
participants had extremely high rates of eawnership, representative of the broader
study setting. It has beemypothesized that social or economic restrictions may
render people more dependent on their immediate environments for f(@1). In
this context, where participants were generally not restricted to their immediate
environments, it is remarkable that several features of the immediate food
environments nevertheless emerged as powerful predictors of BMI and WC in
particular.
4.3 Policy-oriented contributions
In terms of policyoriented contributions, this study slwed that perceptions
predicted only diet quality for males, to the exclusion of all other-diédated
outcomes, consistent with some resear@d84), but inconsistent with otheresearch
finding that perceptions are associated with better diet qua(it§0), food purchasing
behavious (43), and consumptiomehavious(42)® ¢ KA a aiddzReéQa FTAYRAY A
support policies that would increase objective access to nutritious foadcgs or
restrict access to nenutritious foods sources (e.g., through zoning regulations),
rather than attempting to alter food environment perceptions through strategies
FAYSR G4 AYyONBlIaAyd NBaAARSyGaqQ {yz2e¢ft SR3IS 27
neighbourhoods. One example of a lande planning policy that would be supported
by the current study is zoning regulations to limit convenience store access, since
distance from home to the nearest convenience store was most strongly associated
with increagd BMI and WC among females. Another feasible strategy may be to alter

the consumer nutrition environment within convenience stores. Corner store
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interventions may increase the availability and promotion of healthy foods, increase
sales of certain healthipods(243), and improve idividuatevel foodrelated
consumerbehavious (244). Small food stores are important intervention settings
because of their easy accessibility, high level of patronization by local residents, and
relatively unhealthy fooafferings(239, 245). Since the current study wasoss
sectional, and therefore speculation on causation is precluded, the claim cannot be
made that limiting access to convenience stores through zoning regulations or
strategies targeted at improving nutritious food availability within convenience stores
will cause healthier body weights. Certain jurisdictions, including the current study
setting, have mandates to promote and sustain healthy food environm@st0).
Therefore, despite their crossectional nature, the current findings can still support
public health planners in thedesire to use evidence to inform policies related to
healthy food environments. While policies are not solely created as a result of
evidence, in jurisdictions where policymakers are ready to approve or implement
policies related to the food environmenthe current study suggests that foadcess
(measures for which are relatively inexpensive) and relafi@dability of nutritious
foods may be the most important features on which to act.

Descriptive food environment data may also be used to createifbamong
localpolicy¥  { SNE® Ly GKAa aSiadAay3azs 202SO0GAGS YSI adz
environment(246). Public health practitioners may well use these data to make the
case to policymakers that the current environment does not provide adequate
opportunities for residents to engage in healthy eating. Policymakers seem reluctant
to promote healthy eatig environmentg247), so using descriptive data to illustrate
the extent of the obesogenic food environment could potentiallyabfirststep in
creating buyin among policymakers by framing the current food environment as
problematic(248). For example, policymakers may be responsive to the message that
on average, residents had over three times asmshelispace dedicated to energy
dense snack foods as to fruit and vegetables within 1km of their homes, or that the
YySENBad O2y@SyASyOS aia2NBa ¢gSNB Fftyvyz2ad dGdoA0S |
nearest grocery stores (526m away vs. 1001m awayeasgely). Although food
deserts have been the topic of much interest in Canada and elseWBget88, 249
IKS y2iA2y 2FLIAITAER @AYy VHLIE¥AY I al LI SGK2NI 27
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convenience stores selling calodense packaged foods, supsized sodas, and

other sugafloaded beverages; and other ndood retail venues selling junk food as a
dA RS (229 (b.@2%71) 8ems a more relevant frame for the current study
context. In the Region of Waterloo, these descriptive data support public health
planners and practitioners in terms of the need for policies to create healthy food
environments and improved @l access as stated in the current Regional Official Plan
(19, 20).

The current study faced several limitations. In addition to being eross
sectional, the study also relied on buffer zones around homes to the exclusion of
other places potentially relevant to digelated outcomes. Whel this is common
practice in the literature to dat€s), recent studies have attempted to understand
and quantify food environment exposure basedwlhere people travel throughout
the day(175-177), since people are not restricted to their local neighbourhood to
procure food(250). The fact that features of the immediate food environment were
still predictive of outcomes perhaps indicates the importance of local food
environments as determinants of said outcomes. Secotilevdietary data were
collected throughout the year, food environment data were collected between May
and August, a time when produce may be more available or affordable, given the
growing season in the study region. NEMS LINR (1 2 O2f NXBljpdeedf5a GKS
all foods to be recorded, so sale prices that might be more likely in the summer due
to increased volume of locally available fruits and vegetables would not have been
captured regardless. Moreover, for the current study, data collection from
resgpondents took place from 2068010 and food environment data collection took
place in 2010, which is temporally closer than several previous studies attempting to
link individuallevel and food environment datd 53, 201). Third, previous research
examining food environment perceptions has either used perception and outcome
data from the same individu&l 60, 184) and/or has used perceptions from
neighbourhood informant$160); both methods have been found to predict diet
quality. The current study gauged perceptions of the main food shopper and

examined individualevel outcomes of all members of the household. While it is

L2aaAoftsS GKFG AYRAQGARIZ £3aQ LISNDSLIGAZ2Yya YI

perceptions of the main food shopper is theoretically important, given that the main
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food shopper would both likellge aware of the local food destinations and would
Ffaz2 O2YGNROdziS G2 RSUOSN¥YAYAYy3d (GKS K2dzaSK2f RQ:
relatively high refusal rate among convenience store owners. However, while the
process of imputing missing data from damistore types may have increased the
chance of type Il error, it would not have biased the findings, since refusals did not
appear to be geographically clustered. These limitations are offset by the strengths of
the study, which include the incorporatiarf eight different food environment
assessment tools, the assessment of both community and consumer nutrition
environments(1), three outcomes of interest (including a comprehensive index of

diet quality),and varied geographic scale (250m buffers and 1000m buffers), all

within the context of populatiorbased sample. This is the first study to date that has

incorporated multiple measures of foa@Vailabilityand affordabilityin particular.
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Table 41: Desdption of food environment measures

Instrument Outlet type Constructs
assessed Addressed

Methodology

Objective Community Nutrition Environment

Proximity to the Storesand  Access CKS ySGg2N] RAaGFHYyOS o6Y0O TN
nearest food outlet of restaurants nearest grocery store, the nearest convenience store, and tt
a certain typg(153) nearest fast food outlet.
Intensity(153) Stores Access The number of food stores or restaurants witta given buffer
Restaurants zone
Diversity(153) Storesand  Access The number of diverse types of food i (five types of food
restaurants stores (convenience, grocery stores, specialty food stores,
pharmacies, and warehouse clubs and superstores) and twc
types of restaurants (limitegervice and fulervice)) within
MAannY 2F K2YST YAYY ntie prédence
of all types of food outlets
RFHEL5) Storesand  Access Geographic analysis of ratio of number of fémdd outlets and
restaurants convenience stas to grocery and specialty stores

Objective Consumer Nutrition Environment

Shelfspace measures Stores Availability Two variables: Cumulative linearedfspace of fruits and
122 vegetables (including fresh, frozen and canned varieties) (m
and the cumulative linear shetfpace of energgense snack
foods (including candies, carbonated beverages, salty snack
foods, cookies and crackers, donuts and past(ies)
NEMSS Checklig37) Stores Availability Objective audits of food stores: mean NEBIScores within
Affordability 1000m of home for each construf.g., mean NEMS
Quality availability, mean NEMS affordability, and mean NEMS
guality) were computed
NEMSR Checkligf38) Restaurant Availability Objective audits of restaurants: mean NERScores within
s Affordability 1000m of home for each construct (e.g., mean NEEMS
Barriers and availability, mean NEMR affordabilityand mean NEM®
Facilitators barriers and facilitators) were computed.
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Instrument Outlet type Constructs Methodology
assessed Addressed
Perceptual Variables
Neighbourhood food Stores and Access Agreement with the following statements on gpéint Likert
environment restaurants Availability a0FfS aaSaasSR NEBces¥R 8y KSENBL
perception$160, 196) Affordability F22R 2dzifSia Ay Yeé ySA3aKoz2d
Quiality freda K FNMzZA Ga FyR @S3aSilofSa &

purchase lowfat products (such as lofat milk or lean meats)
AY Y& ySAIKo2dZNK22RET a¢KSN
AY Y& ySAIKo2dZNK2 2 RF €
AvailabilityY & ¢ KSNB A a Ifresh fruidEr® a S
@S3aASilotSa @FLAflrofS Ay Ye
selection of low¥ & LINB RdzOiGa | @FAfl o
aLG Aa Srae G2 SKHd KSItOaKAC
YSATIKO2dzNK2 2 RDE

AffordabilityY &L &K2LJ Sf & pricdgs BB 0 ¢
YSAIKO2dzNK22R INB (22 KAIKF
neighbourhood is more expensive than that in other

Y SAIKO 2 dzNK 2 2-Riprdudts irinty Ketighbbuhaoc
I NB Y2NB SELISYyargsS (Kly (K2
QualityYy & ¢ KS F NB a HeighddliPhsodzd & highy
j dzt £ A ( & &fat pradactks $ my reighbourhood are of
KAIK ljdz- €t AGe dé -scorgd) AGSYa ¢¢&
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Table 42: Food environment assessments

Outlet type Number Number of unigue Number of outlets Number of Number Refusal
assessec locations included found in PHI outlets found in found Raté

in buffer-zone database not at PHI database through

analyses (including given address or not applicable* direct

all chains) closed observation
Restaurant 611 912 58 18 37 0.1%
Grocery ®re 47 47 0 5 1 0%
Convenience 169 289 10 17 4 39%
Store
Pharmacy 9 22 0 0 0 0%
Superstore 3 13 0 0 0 0%
Specialty Store 47 51 1 3 2 7.8%

* Quitlets selling no food or beverages or only selling a limited number of canned goods not rated by any tool
8 Store employees instructed raters not to conduct stsglice or NEMS checklist measurements
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Table 43: Perceptual measures predicted by objective measures

Objective Variables

Perceived Access,
Avalilability, Quality

Perceived Affordability

Income

-0.0640.028)*

-0.146(0.028)***

Car Ownership 0.060 (0.067) -0.309(0.066)***
Community Nutrition Environment

Distance to nearest grocery store (km) (SD) -0.390(0.030)*** 0.007(0.031)
Distance to nearest convenience store (km) (SD) -0.068(0.053) -0.112(0.052*
Distance to the nearest fast food outlet (km) (SD) -0.144(0.047)** -0.146(0.046)**
Diversity (SD) 0.112(0.012)*** -0.013(0.012)
Intensity: Stores (SD) 0.014(0.005)** -0.015(0.005)**
Intensity: Restaurants (SD) -0.002(0.002) 0.005(0.002)**
RFEI (SD -0.004(0.004) 0.012(0.004)***

Consumer Nutrition Environment

Fruit and Vegetable Shefipace (km) (SD)

2.31(0.18)**

-0.445(0.117)*

Energy Dense Shebpace (km) (SD)

0.517(0.060)***

-0.106(0.059)

NEMSS Availability (SD) 0.044(0.006)*** 0.003(0.00%
NEMSS Affordability (SD) -0.019(0.040) 0.002(0.039)
NEMSS Quality (SD) -0.071(0.020)*** 0.003(0.019)
NEMSR Availability (SD) 0.009(0.016) -0.010(0.015)
NEMSR Affordability 0.022(0.034) 0.014(0.033)
NEMSR Barriers and facilitators to hilay eating 0.033(0.010Q)*** -0.017(0.010)
NEMSR Access 0.018(0.012) 0.027(0.012)*
Mean Healthy Food Basket total price 0.014(0.001)*** -0.002(0.001)*

* significant at p<0.05; ** significant at p<0.01; ***significant at p<0.001
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Table 44: Perceptiongredicting dietrelated outcomes

Females Males

Diet BMI WC (cm) Diet Quality BMI WC(cm)

Quality
IndividuaHevel
characteristics
Age (Beta, SE) 0.04(0.02) 0.10(0.008)*** 0.27(0.02)*** 0.006(0.025) 0.10(0.008)*** 0.36(0.02)***
Education level 1.39 -0.84(0.18)*** -2.09 1.26 (0.54)* -0.18(0.15) -0.07(0.39)
(Beta, SE) (0.47)** (0.46)***
Householdlevel
characteristics
Income (Beta, SE) 0.66(0.63) -0.58(0.26)* -1.58(0.61)** -0.77(0.71) -0.11(0.22) -0.92(0.59)
Car ownership 1.45(1.55) -1.47(0.91) -2.18(1.94) -0.20(1.97) 1.71(0.77)* 3.19(1.93)
(Beta, SE)
Perceptions
Availability, Quality, 0.17(0.47) -0.18(0.13) -0.41(0.36) 1.09(0.46)* -0.21(0.13) -0.41(0.36)
Access
Food affordability 0.24(0.49) -0.04 (0.14) -0.28(Q34) 0.31(0.46) -0.04(0.14) -0.29(0.35)

* significant at p<0.05; ** significant at p<0.01; ***significant at p<0.001
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Table 45: Regression coefficients for mdkivel analysis of househaeldnd individualevel factors associated with diet

quality, BMI, and WC

Female Male
DQ BMI wC DQ BMI wC

Community Nutrition Environment
Distance to nearest grocery store (km) (SD) -1.56(1.06) 0.19(0.28) 0.10(0.70) -1.41 (0.76) 0.52 (0.22)* 0.48 (0.59)
Distance to nearest convenience store (km) 2.19(1.95) -2.23 -6.41 1.96(1.74) 0.09(0.52) -0.98(1.35)
(SD) (0.63)*** (1.52)***
Distance to the nearest fast food outlet (km) 1.97(1.79) -1.07(0.58) -4.95 0.019(1.53) -0.49(0.51) -1.73(1.310)
(SD) (1.42)***
Diversity (SD) -0.08(0.30) -0.02(0.12) 0.010.29) 0.39(0.31) -0.12(0.10) -0.16(0.25)
Intensity: Stores (SD) -0.04(0.10) 0.09(0.04)* 0.18(0.10) -0.11(0.12) 0.05(0.04) 0.10(0.08)
Intensity: Restaurants (SD) 0.01(0.04) -0.04(0.02)* -0.06(0.04) 0.06(0.05) -0.03(0.01)* -0.05(0.03)
RFEI (SD) -0.090.07) 0.04(0.04) 0.09(0.08) -0.12(0.08) 0.07(0.04) 0.18(0.08)*
Consumer NE
Log Shelf Space Ratio -1.73(1.30) 0.12(0.38) -0.34(0.98) -1.84(1.02) 0.39(0.33) -0.04(0.82)
Fruit and Vegetable Shefipace (km) (SD) 5.51(4.39) -0.10(1.40) 1.17(3.33) 8.33(4.43) -0.99(1.18) -0.17(2.99)
Energy Dense Shebpace (km) (SD) 0.37(1.29) -0.16(0.50) 0.29(1.21) 1.58(1.45) -0.64(0.41) -0.43(1.07)
NEMSS Availability (SD) 0.07(0.15) -0.09(0.05) -0.14(0.11) 0.34(0.12)** -0.06(0.04) -0.12(0.09)
NEMSS Affordaility (SD) 0.89(0.87) -0.60(0.26)* -1.42(0.64)* 0.31(0.75) -0.55(0.24)* -1.42(0.59)*
NEMSS Quality (SD) 0.11(0.42) 0.05(0.14) 0.33(0.35) -0.50(0.35) 0.02(0.11) -

0.0007(0.30)
NEMSR Availability (SD) -0.45(0.33) - -0.18(0.28) 0.13(0.29 -0.16(0.10) -0.17(0.26)

0.32(0.12)**

NEMSR Affordability -0.61(0.70) -0.03(0.25) 0.21(0.58) 0.45(0.63) -0.19(0.19) -0.23(0.51)
NEMSR Barriers and facilitators 0.29(0.27) 0.17(0.08)* 0.18(0.18) -0.20(0.23) 0.10(0.06) 0.33(0.16)*
NEMSR Access -0.11(0.29) 0.17(0.09) 0.45(0.23) 0.17(0.25) 0.14(0.08) 0.23(0.22)
Mean Healthy Food Basket total price 0.02(0.03) -0.001(0.a) 0.004(0.02) 0.04(0.02) -0.06(0.a1) -0.001(0.02)

* significant at p<0.05; ** significant at p<0.01; ***significant at p<0.001
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Chapte 4. Appendix A

Foods comprising the Health Food Basket, categorized by food group

Vegetables and Fruit: Apples (1lb), bananas (1lb), cantaloupe (1 melon), oranges (1Ib), grapes (1Ib), pears (1lb}, broccoli (
bunch), cabbage (1 head), carrots (2Ib bag)ery (1 group of stalks), long English cucumber (1 whole), green bell peppers
(1Ib), iceberg lettuce (1 head), potatoes (5Ib bag), sweet potatoes (1Ib), field tomatoes (1Ib), mixed vegetables (fgozen, 1k
bag), peas (frozen, 1 kg bag), strawberries énp500g bag), corn (canned, 398 ml), peaches (canned, 398 ml), stewed
tomatoes (canned, 796ml), apple juice (1L), orange juice (1L)

Grain Products: 100% Whole wheat bread (1 loaf, 425g}slayar cereal (1 standard box)

Milk and Alternatives: Plain skimilk (Carton, 1L)

Meat and Alternatives: lean ground beef (1kg)
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1. Introdudion
wS 023y Al A2 ycad fcreasih gobadepidleini é6f overweight and
obesity¢ as a serious public health concern has resulted in national and international
agencies calling for strategies to prevent and reduce the overweight and obesity rates
around the world(4, 251-253). To address the crisis of increasofigesity rates, an
environmental perspective on dietabehavioudt > a LISOAFA Ol f f&x | F20dza 2
G20Sa23SyA0¢é Sy dANRY S %1, 245 258). Fbodo SSy | R@2 O G SR
environments, characteristics of the built environment related to food consunpti
may be particularly important drivers, since rising obesity prevalence seems primarily
to be due to excess caloric consumption, rather than inadequate energy expenditure
(22, 23). Indeed, the relationship between food environments and -dedated health
outcomes including obesity is of great interest to both researctiegs 219, 255) and
policy makers, who are increasingly implementingjgges and programs to improve
food environmentg19, 193, 256).
11 The promise of examining perceptions
Much of the food environment research to date has relied on readily
available secondary data sources, such as land use and parcel data (which are
typically available in municipal Geograplhiformation Systems (GIS) databases),
commercial data (for example, InfoUSA or Dun and Bradstreet, which contain
information on types and locations of food outlets), or public health or other
governmental department licencing data (for example, publialtieinspection
databaseqp4, 257, 258). Food outlet adresses obtained through these sources are
geocoded (often with no verification through direct observation), and researchers are
GKSYy +tofS G2 dzasS DL{ (2 ARSYyGATe F22R 2dzif Sia¢
environment exposures, variously dedith (e.g., the number of fast food outlets
GAUKAY ynnY 2F | a0OKz22fx 2NJ GKS aGNBSG ySiasg2NJ
homes and the nearest grocery store).
One major limitation of extant research is the inconsistent assessment
methodology employd, which renders it difficult to compare findings across
populations or geographic localé; 9, 219, 255). Although food access is increasingly
being operationalized with spatial analyses using(&38 219), some researchers are

calling for the inclusion of perceptidmased measures in food envinment research
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for three reasons. First, there are concerns about the accuracy of using secondary
data sources since discrepancies between commercial business listings and the actual
location and status of food stores may be signifiq@d 257-259T NBaA RSy aQ F22R
environment exposures may thus be easily misclassified.
Second, and perhaps more important frontheoretical perspective,
NBaARSy(iaQ LISNOSLIiA2ya YAIKGEG GFL) Ayd2 oNRIFRSNI
food access, such as the selection, quality, acceptability, and affordability of the local
F22R adzllLd 83X 2N SOSY(AIREOBBAARSY1AQ 26y Y20Af
Third, from a research perspective, understanding the relationship between
objective and subjective measures can help to refine assessment methodologies, and
facilitate the interpretation of food environment studi€$8, 41, 160). A clearer
understanding of the relationship between objective and perceived feavironment
measures is necessary to advance theoretical, research, and policy or program
developments, as described below.
1.1.1 Advancing food environment theory
A widelycited, early conceptual model of food environments distinguished
betweencommurity and consumemutrition environments, wher&eommunity
nutrition environments incorporate constructs of food access (geographic distribution
of food sources), andonsumemnutrition environments capture the availability,
affordability, quality, and promtions of foods within food stores or restauran(@. In
this model, objectively measured food environment characteristics are hypothesized
to both directly and indirectly influence eating patterns throughd A RSy 148 Q F2 2R
SYSGANRYYSYy(l LSNDOSLIIA2Yy&ad LY 20KSNJ 62NR&as (KAA
potential mediators of the association between objective food environment measures
and dietrelated outcomes. Mediating variables transmit the effect of ateaedent,
independent variable to an outcome varial§ghb, 26) and are therefore identified as
being situated in a causal sequeEnbetween the independent variable and the
dependent variable. Several studies examined the relationship between objective and
perceived measured 6-18, 41, 184, 185, 260), but none have directly test
perceptions as mediators of the association between objective measures and diet
related outcomes. Two systematic reviews have recommended that researchers

explicitly test theoreticalljustified mediators to further our understanding of how
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the built environment (including the food environment) influences health outcomes
(5, 7) and to facitate the development of more efficient interventions that target
mechanisms by which features of the built environment affect-detited outcomes.
Indeed, examining mediating pathways can help to identify important determinants
of perceptions, which thmselves have been found to predict dietdrghavious
(161, 260-263).
1.1.2 Advancing research

As mentionedin traditional food environment assessments, researchers
obtain data from secondary sources and use GIS to quantify food environment
exposures based on food outlet types (e.g., supermarkets, convenience stores and
fast food outlets are outlet types thath@S SYSNHSR Fa AYLRNIIFYG G2 NI
related outcomegb, 7-9). Directly measuring features of the consumeirition
environment (local food availability, affordability, or quality) is expensive relative to
measuring the community nutrition environment using spatial analyses, although
O2yadzYSN) ydziNAGA2Y SY@BANRBYYSYyd YSNRM@mNBA KI @S ¢
(41). The less expensive option of measuring community nutrition environments
through, for example, determining grocery store proximity or fast food outlet density,
relies on the potentially erroneous assumption that consumer nutrition environments
are invariable across grocery stores, or that only grocery stores offer nutritiods fo
(18, 160). Moreover, as mentioned, secondary data quality represents a potentially
serious concern in termaf research reliability, since discrepancies between different
data sources exigp4, 257, 258). Therefore, further exploring the relationship
between perceptions and objective measures of community and consumer nutrition
environments remains an important question for advancing practical research
consideratiors.
1.1.3 Advancing policy and practice

A window of opportunity may be open for food environment theory and
research to make significant contributions to food environment policies, given that
policies related to the food environment are already being enpnted in the face of
scant or conflicting evidendg9, 193). For example, Los Angeles has banned fast food
outlets from opening in certain neighbourhoof®3), Comox, British Columbia has

banned drivethrus since they have been found to violate existing idling by(@&4),
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and several municipalities in Qoec, Canada, are currently considering the use of
zoning regulations to prohibit fast food outlets and convenience stores from opening
within walking distance of schod3). An examination of whether perceptions

mediate associations between objective features and-dédted outcomes can help

to identify points of intervention. If perceptions do not mettidhese associations,

then the argument for acting directly on objective food environment characteristics
shown to predict dietary outcomes may be justified. If perceptions do mediate these
associations, perceptions may represent an important point afriréntion, and
GKSNBEF2NE AYyONBlFraiAyd NBAARSYyGaQ | 41 N

&

ySaa 27F
neighbourhoods may be an effective stratd@g, 265).
1.2 Overview of existing evidence

Extant research has examined the extent to which objective and perceived
measures are relatel 6-18, 41, 185), and the relative ability of objective vs.
perceived measures to predict dietlated outcomeg43, 160, 184, 224, 260).
Objective and perceived food environment measures are generally not highly
correlated, although objective measures of the community nutrition environment
(i.e., access) seems to be mgedictive of perceived measures than do measures
addressing aspects of the consumer nutrition environment (i.e., availability,
affordability or quality}16, 17, 184). Results from studies comparing the relative
ability of objective vs. perceived measures to predict outcomes are mixed: two
studies found pergations to predict outcomes to the exclusion of objective measures
(43, 260), two studies found objective (not perceived) measures to predict diet
related outcomeg184, 265), and two studies found both objective and perceived
measures to predict outcomgd60, 224). Only two studies have incorporated
perceptual and objective measures of both the community and consumer nutrition
environments. One was conducted with 186 lowwome women(184), the other was
conducted with 4102 men and women from a populatismsed sampl€265). Both of
these studies found that objective community nutrition environment measures best
predicted dietary and weightelated outcomes relative to objective measures of the
consumer nutrition environment or to any perceived measures.

The aim of his study is to test the theoretical hypothesis presented by Glanz

and colleague§l) that perceptions mediate associations between the objective food
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environment and dietelated outcomes. It does so usiagpopulationbased sample,
and incorporates several measures of the community and consumer nutrition
environments, which allows for betweaneasure comparability, thereby filling a
large gap in the current literatur@-9, 219).
2. Methods

The NEWPAT®¢ighbourhoodEnvironments inWaterloo RegionPdterns
of Transportation andHealth) project aimed to characterizssociations between
objective and subjective aspects of built environments including walkability, physical
activity, dietarybehavious, and health outcomes in a populatidased sampl¢30).
Data collection for NEWPATH took place from May 2009 until May 2010; data from a
separate but related project aimed at characterizing food environmémnthe three
cities of Waterloo Region: Kitchener, Cambridge, and Waterloo, were collected
between May and August, 201220). The NEWPATH study received ethics clearance
from the University of Waterloo Office Research Ethics and the Behavioural Research
Ethics Board at the University of British Columlgithics clearance was not necessary
for the second study, as no data were collected from human participants.
2.1 Procedures
2.1.1 NEWPATH

The NEWPATH sample was stratified by neighbourhood walkability,
household income and household size, with allogatim achieve high statistical
LR26SNJ G2 RSGSOG KeLRUKSAAT SR STFSOGa 2F o111
primary aim(30). Proportional sampling was employed to recruit a stratified random
sample (N=4902 individuals in 2228 households) representative of the study area in
terms of income and household size according to 2006 Canadian cagitsus
Conditional response rates (proportion of households that completed the survey once
recruited) varied between 56% and 64% over six phases of data collé&@on
Households were recruited in dgoairs across all days of the week; everyone in the
household over the age of 10 years participated in the study.

For the current study, datare considered twdevel: individuals nested
within households. Household level data included certain sdeimographic data
(car ownership, household income) and perception data. Indivithval data

included age, sex, dietary data, seported weight height and waist circumference,
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and education level. Participating households were recruited to complete either a
GaAYLX S¢ 2N a02YL) SE¢ adaNWBSe LI O1F3IsSd ¢KS daar’
recruitment survey (which included demographic informationasl household
members) and a paper questionnaire that included food environment perceptions of
the main food shopper in each household. All participantsregibrted their weight,
height, and waist circumference. Participants from households who coetpket
GO02YLX SE¢ adzNBSe LI O1F3S RRAGAZ2YyLFEt&@ O2YLX Si¢
survey. All analyses presented in this study were restricted to participants 19 years of
age and older, since children and youth may interact differently with the built
environment than adultg12), and the number of children and youth in the dataset
was insufficient to support agepecific analyses. Moreover,iltren and youth did
not provide data on education level, which was considered a covariate in all
regression analyses (discussed below).
Therefore, the sample comprised 4102 individuals within 2223 households
(2932 individuals in 1533 households complefe& S G a A YLIX S¢ adzNBSe LI O | =
AYRAGARdzZL ta 6AGKAY chpn K2dzaSK2f Ra O2YLX SGSR (1
complete data on all variables of interest.
2.1.2 Food environment assessment
Food environment measures employed in the current study Heaen
described in detail elsewhef@65). Table 51 summarizes the instruments used and
the methodology of each of eight different types of food environment ass®nts
SYL 28SR Ay (GKS OdNNByld aiddRéed ¢KS wS3Irzy 27F -
database was used to identify food stores and restaurants in the three cities of
Kitchener, Cambridge and Waterloo, and follaw systematic direct observation was
employed to ensure accuracy of the food environment assessr@ht Food
environment variables (described below) for each household were based on 1km
Euclidean distance bufferz6ma  F N2 dzy R b92t ! ¢I NBaALRYRSyiaQ K2
variables based on store and restaurant scores were aggregated as outlined in Table
5-1.
Six observers, each with at least two years of university education, collected
food environment data. The first authordined raters to use the Nutrition

Environment Measures Surveystores (NEMS)(199 and shelfispace measures
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(14, 122), and the Nutrition Environmeri¥leasures Survey Restaurants (NEMR)

(38). Training included classroom sessiond &eld work in food outlets, with

feedback on results, and took approximately one week until raters consistently
achieved all correct answers on measures. In an iterative process during debriefing
sessions, decision rules were added to protocol handbowmkéch trainers took to

each outlet assessment to support precision in rating. The first author participated in
all data collection. Interater reliability was assessed using intraclass correlation
coefficients for the shel§pace measure, and rangediinca mean ICC=0.858 for

canned fruit to mean ICC=0.996 for fresh vegetables (mean ICC for all specific items
assessed =0.940).

Measures of the consumer nutrition environment (described below) were
implemented in every independentiywned store and restaurdnFor every chain,
one randomlyselected restaurant location (including fgkrvice restaurants, fast
food outlets, buffetstyle restaurants, coffee shops, bars open to the general public
for at least part of the day) and one randonrgglected store lod#on (including
convenience stores, gas stations, pharmacies, and warehouse clubs or superstores)
were assessed. All locations of each restaurant chain and store chain were given a
number using a random number generator; the location that correspondebdo t
lowest number was assessed. Every grocery store in the three cities was assessed,
given that consumer nutrition environments appeared to vary by grocery store size (L.
Minaker, unpublished observation).

Within-outlets were carried out in 611 restauramtrepresenting 912 unique
restaurant locations (301 of the 912 restaurants were chains for which exact scores
were imputed from the assessed location), and 275 food stores, representing 421
unique store locations. Refusal rates were 0.1% for restaur@ptsfor grocery stores,
pharmacies and superstores; 7.8% for specialty stores, and; 39% for convenience
stores(265). A probabilitybased technique was used tordomly assign consumer
nutrition environment data from similar store types to stores missing dbdxa Buffer
zone creation relied on this final dataset of 912 restaurants and 421 stores,
NEBLINBaASYydGAy3a Fftf NBadGFdNIyda FyR F22R aid2NBa
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2.2 Measures
2.2.1 Outcome Variables
Diet Quality

TwoRlF & F22R NBO2NR RIGF FTNRY LI NIAOALN yia

were used to calculate Healthy Eating Index adapted for Canad&jt$Ebre$31), a
comprehensive diet quality based on dietary adequawgiiding the number of
servings of vegetables and fruits, whole grains, number of grams of saturated fats)
and moderation (including the proportion of energy intake from saturated fats and
sodium intake). The HEl reflects Canadian food intake recommeriadas based on
LI NGAOALI yiaQ |13S yR 4SEZ YR NI}y3aSa
representing better diet quality31). For the current study, mean HEIscores over
the two days were used as a continuous individeskl indicator of dietary quality.
Obesity: body mass index and waist circumference

Body mass index (BMI) was calculated based orreyatfrted weight and
height (kg/nf), and waist circumference (WC) was considered meanragdirted WC
from two measurements (to the nearest cm). Sejported WC has been found to be
a satisfactorily accurate proxy for measured {82). Survey respondents generally
overestimate height and underestimate weigB8, 34, 266). Despite this, estimates
of health risks associatiewith variations in selfeported BMI are comparable to
those associated with variations in measured BB&). WC was additionally included
as an anthropometrioutcome of interest given that it has been shown to be clinically
superior to BMI in terms of predicting mortality rig36).
2.2.2 Sociedemographic covariates

Level2 covariates included household income and car ownership;-level
covariates included education arge (sex was not included as specific analyses
were conducted). Household income was categorized into low (<$35,000 per year),
medium ($35,000 to $85,000 per year), and high (>$85,000 per year) based on the
sample stratification. Car ownership (yesjnwas included as a covariate as it has
0SSy akKz2gy G2 0S aa20AF0SR 6A0KOF22R
Education among adults was classified as low (high school completion or lower),

medium (some college, university, or other trainingid high (at least university
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completed). Age was also included and was entered into all models as a continuous
variable.
2.2.3 Food environment measures
Perceived food environment variables

Corresponding to the geographic scale at which objective nreasuere
operationalized, for perceptual variables, the main shopper in each household was
AYAGNUWzOGSR G2 atfSFrasS GKAYy]l 2F @2dz2NJ ySAIKO 2 dz
Mp YAyYydziS 46Ff1 om G2 mMdp 1YO0 FNRY &2dz2NJ K2YSé ¢
environment statements. Each statement (presented in Tablg Was assigned a
score out of four (ranging from 1=strongly disagree to 4=strongly agree); therefore,
accessvas scored out of 1@vailabilitywas scored out of 1Affordabilitywas
scored out of 12qualitywas scored out of 8. Although perceptions were originally
intended to reflect perceptions of the community (food access) and consumer (food
availability, affordability and quality) nutrition environments, high correlations
betweenaccessavailablity andqualitya O2 NS& o/ NRyol OKQ&a Ff LKIF o6l as
standardized items for the three scores was 0.904) justified the creation of an
Gl ONNBE A G SRE LIS ND S addedghvhilability, Alliquadity sBafes ¢ A (i K
being summed and standardized. Perceptof foodaffordability were not
correlated with the other three measures, and therefore the affordability score was
standardized on its own. The two perceptual variables were treated as continuous
variables. In both cases, higher scores represent inetkagreement with
statements related to improved neighbourhood foadcessavailability, quality, or
affordability.
Objective community nutrition environment measures

Objective measures of the community nutrition environment included: street
network dista/ OS FNRBY Db92t! ¢l NBALRYRSYGaQ Kz2vySa G2
store; 2) convenience store; 3) fast food outlet; diversity (the number of diverse food
outlet types within 1km of home); intensity of stores (number of food stores) and
restaurants (number ofastaurants) within 1km of home; and the Retail Food
Environment Index (RFEI) within 1km of home, a ratio of the number of convenience
stores and fast food outlets to the number of grocery stores and specialty ttes
267).
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Objective consumer nutrition environment measures

Within-store measures included the NEMBSwhich purportedly assesses
food availability, food quality, and food affordabil{§7), and linear shel§pace
measures of energglense snack foods (salty snack foods, cookies and crackers,
donuts and pastries, candy, and carbonated beverages) and of fruits and vegetables
(fresh, canned and frozen), which purportedly assess food availdhit}22).
Restaurants were assessed using the NdERBIhich purportedly assesses food
access, food availability, food affordability, and barriers and facilitators to healthy
eating in restaurant$38).
2.3 Data Analysis

Before proceeding with mediation analyses, BMI and diet quality score
clustaing within administrativelybound neighbourhoods (defined by postal forward
sortation area (FSA)) was examined. The degree of dependence was measured by
calculating the ICC between FSA and BMI (small ICC of 0.044, p=0.070), and FSA and
HEI score (very sthaCC of 0.002, p=0.471), suggesting that BMI and diet quality were
independent-0.036 for availability perceptions, p=0.912; IGEH40 for affordability,
p=0.933, and; ICCGB8.038 for quality, p=0.926). Therefore, it was unnecessary to
account for clutering within FSAs. SPSS 20.0 was used to determine the ICCs.

¢KS O2yGNROdziAZY 2F NBAARSYy(aQ LISNDSLIIAZY A
examined using mediation tests described by Baron and K@thySeries of multiple
regression models evaluated various associatiBash Amodels examined
associations between food environment variables and petioggt Path Bmodels
examined associations between perceptions and outcorRefy Onodels examined
associations between objective food environment variables and outcome<Paiid
/ fodels examined association between objective food environment variables
outcomes, controlling for perceptions (see figurd )b These series of models indicate
mediated effects by which food environment variables affect outcomes through
NBEAARSy(GaQ LISNOSLIAz2yaod

Males and females have been found to respond differently talfoo
environment featuregb, 232, 233, 268), and indeed, preliminary analyses indicated
that associations between food environment variables and outcomes differed by sex

(265). Therefore models were sespecific.
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Analyses were conducted in four steps; all models described below were sex
specific and adjusted for age, highest educafievel reached by adults, household
income, and car ownership. First, Path A used linegressions to regress food
environment perceptions on objective food environment measures, since both
variables were at the household level. Second, multilevel linear regressions were used
to create Path B models, where perceptions were entered as pagictf individual
level outcomes (BMI, WC, and diet quality), which were considered continuous
variables. In Path B models, diet quality, BMI and WC were regressed on all preceding
variables (individualand householdevel covariates, perceptions, and ebfive
measures) to determine the extent to which perceptual variables predicted outcomes
given different objective measures. Third, Path C models employed multilevel linear
regressions, with objective food environment variables entered as housééwadd
predictors of individualevel outcomes (BMI, WC, and diet quality). Outcomes were
considered continuous variables, since health risks associated with elevated BMI and
WC or decreased diet quality are not dichotomaubey change incrementally.
Differentfood environment variables were entered into separate models, but
different scores from the same type of methodology (NEBMSIEME, and intensity)
were entered together, consistent with previous food environment reseftél).

Path C models therefore estimate the total, direct effect of objective food
environment variables on individutdvel dietrelated outomes.

CAylLffes tFrdK / Q Y2RSta 6SNB ONBIFIGSR Ay (K
Y2RSfaz odzi FRRAGAZ2YIff& AyOfdzZRSR 020K LISNDSLJ
estimate the indirect effect of objective food environment variables on individual
level outomes mediated by perceptions. The Sobel {2619 was employed to
examine whether mediation was statistically significant.

SPSS 20.0 was used for the Path A linear regressions] iWakslused for the
multilevel regression analyses. Because initial results indicated that BMI, WC and both
perceptual variables were both slightly positively skewed-8ox transformations
were used to improve the normality of these variab(284). For all analyses, p=0.05
was considered statistically significant. In all modelsa deere weighted to reflect

Census 2006 totals for the area.
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3. Results
3.1 Food environment and study sample characteristics

Table 52 shows characteristics of the food environment variables assessed in
the current study. On average, participants livechas$t twice as far from the nearest
grocery store as they did from the nearest convenience store and the nearest fast
food outlet. Participants had an average of about nine stores and 20 restaurants
within 2000m, and had an average of about four differeintlg of food outlets
available within 2000m of home. Mean RFEI score was 5.6, indicating that there were
5.6 times as many fast food and convenience stores as there were grocery stores and
specialty stores within 2000m of home. Participants had an aveshgbout 420m of
shelf space dedicated to energgnse snack foods, and 126m of shelf space
dedicated to fruits and vegetables within 27000m of home. Mean NEMS8d NEM&
scores are additionally described in Tabl2.5

Table 53 outlines sample charactstics. The sample was fairly evenly split by
sex (52.7% female, 47.3% male), and had high rates of car ownership (approximately
90% of households owned cars). The sample was fairly highly educated (42.1% of men
and 40.3% of women had completed at leastn@varsity degree), and about one
third of households had incomes of over $85,000 per year.

3.2 Path A: Objective food environment variables predicting perceptions

Table 54 shows the strongest predictors (largest B valuesicoesselated
perceptions wee linear shelf space of fruits and vegetables (B=2.31, p<0.001), linear
shelfspace of energgense snack foods (B=0.52, p<0.001), and distance to the
nearest grocery store (B339, p<0.001). Other objective measures that significantly
predictedaccesselatedperceptions included distance to the nearest fast food outlet,
diversity, store intensity, NEMS availability and quality, NEMRSbarriers and
facilitators to healthy eating, and the mean healthy food basket price.

The strongest predictors efffordability perceptions included distance to the
nearest fast food outlet (B8.15, p=0.002), distance to the nearest convenience store
(B=0.11, p=0.031), and linear shalpace of fruits and vegetables (B45, p=0.012).

The only objective measure purpodly assessing fooalffordability that significantly

predicted affordability perceptions was the healthy food basket priceQiB82,
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p=0.029). Other significant predictors of affordability perceptions included store and
restaurant intensity, the RFEI, atite NEMSR access score.
3.3 Path B: Perceptions predicting outcomes

Diet-related outcomes were not predicted by perceptual variables among
males or females, with the exception afcesgelated perceptions significantly
predicting diet quality among malés several models, including models that
accounted for distance to the nearest convenience store, distance to the nearest fast
food outlet, store intensity, and the RFEI (range across all Path B models: B=0.91,
p=0.083 to B=1.09, p=0.035). Tabid Showsesults from the Path B analyses; as
mentioned, ranges represent regression coefficients for the perceptual variables
across regressions for all objective measures (since Path B analyses regressed
outcomes on perceptual variables and all preceding vagbl
3.4 Path C: Food environment variables predictive of diet quality, BMI, and
waist circumference
3.4.1 Diet quality

Table 56 shows results from all Path C models. For females, no food
environment variables significantly predicted diet quality. Fotesathe only food
environment variable that significantly predicted diet quality was NEvivailability
(B=0.34, p=0.005), although three additional variables approached significance in
terms of predicting diet quality: distance to the nearest groceoyes{B=1.41,
p=0.065), shelpace of fruits and vegetables (B=8.33, p=0.061), and the mean
healthy food basket price within 1km of home (B=0.04, p=0.056).
3.4.2 Obesity: body mass index and waist circumference

Of objective community nutrition environmémeasures, for women,
distance from home to the nearest convenience store was the strongest predictor of
BMI (B=2.23(0.63), p<0.001) and WC {841(1.42) p<0.001). Store and restaurant
intensity also significantly predicted BMI (B=0.09(0.04) p=0.02'Ba@d04(0.02),
p=0.014, respectively), and distance to the nearest fast food outlet significantly
predicted WC (B4.95(1.42) p<0.001). Of the consumer nutrition environment
measures, NEMS affordability predicted BMI and WC {880 (0.26) p=0.022 and
B=-1.42 (0.64) p=0.027, respectively) and NERI&vailability and barriers and
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facilitators to healthy eating predicted BMI (8-32(0.12) p=0.006 and B=0.17(0.08)
p=0.023, respectively).

Of objective community nutrition environment measures, for men,atise
from home to the nearest grocery store and restaurant intensity significantly
predicted BMI (B=0.52(0.22) p=0.020 and(B33(0.01) p=0.024), and the RFEI
significantly predicted WC (B=0.18 (0.08) p=0.025). Of the consumer nutrition
environment measws, NEMS affordability significantly predicted both BMI and WC
(B=0.55 (0.24) p=0.021 and B-42 (0.59), p=0.016) and NEM®Darriers and
facilitators to health eating significantly predicted WC (B=0.33 (0.16) p=0.043).
35 tI UK / QY aSRAILUGAZY

Table5-1 LINBSaSyida NBadzZ 6a FNRY tlIGK / Q Y2RSfao
O2STFAOASY(ia RSONBFIraSR FyR L) @FfdzSa ¢SNB KAIK
in these instances, the Sobel test was employed to examine whether mediation was
statistically signitiant. In all cases, the Sobel test revealed insignificant mediation
that is, perceptions did not explain the relationship between objective food
environment measures and die¢lated outcomes. For example, whether the effect
of distance from hometothg S NS&ad 3INRBOSNE ai2NB 2y YIfSaQ R,
mediated by acceselated perceptions was tested since the predictive value of
distance to the nearest grocery store decreased after including the perceptual
variables, but the Sobel test showed no sigaificmediation {1.69 (0.22), p=0.090).
Similarly, potential mediation of the association between fruit and vegetable-shelf
aLlk OS ' yR Yl t SaQ-reRtkddércefitidab shawedan imsignificadtO S a &
result from the Sobel test (1.69 (1.28), p=0.090)
5. Discussion

This study used data from a populatibased sample in three spatially
contiguous cities in Southern Ontario, Canada to test the theoretical hypothesis that
perceptions mediate associations between the objective food environment and diet
St FGSR 2dzi02YSad ! 4a20AGA2ya o0SdeSSy 2062S0U0A
NBfFGSR 2dzi02YSa RAR y20 FLIWSEFEN G2 6S YSRAFGSIH
implications for theory, research, and policy.

First, in terms of theory, several researchbave called for the inclusion of

perceptual measures to aid our understanding of environmental influences on food
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choice, and have noted that testing mediators can help to identify intervention points
(5,7,92,219. Moreover, perceptions are thought to tap into constts that may
NEFfSOG NBRaARSYy(aQ d3592260 261)K@ahzNhdf 22 R SY JANRY Y !
O2f t SI 3dzS a QitedScbndptéial modek dR@rrndunity nutrition
environments)A RSY G A TA S& Ndisias Beifig/poténtial maSGiatos Silthé A
relationship between objectivelyneasured food environment characteristics and
eating patterns; ours was the first study to our knowledge to directly test this
theoretical link. In our study, perceptions did notfact, mediate the relationship
0SG6SSy 202SO0GADBS YSIF adz2NBa 27F -eltédd T22R Sy A NER\
outcomes, and results instead indicated direct effects of several objective food
environment measures on these outcomes. Interestingly, althaeghlts from Path
I Y2RSfa aK2¢6SR (0KIdG NBAARSYy(laQ LISNOSLIIA2ya o
objective food environment measures, perceptions were not predictive of diet
related outcomes (with the exception of accestated perceptions predicting eli
quality among males). It would be interesting to know if perceptions predicted other
psychosocial variables or food behaviours that were not assessed in the current study
(for example, motivations for dietary choices or food purchasing). In other studie
where perceptions have been found to predict dietated outcomeg161, 260-263),
results may have diffed, since mediators, by definition, predict the outcome of
interest. Followup analyses using data from studies that have examined both
objective and perceived measures in relation to one or more diet related health
outcome, and have found that perceptiods significantly predict outcomes (e.qg.,
(260, 270) are warranted.
Second, in terms of research, finding that perceptions did not mediate
associatios between objective food environment measures and -tiéated
outcomes indicates that future investigations into factors that do mediate these
associations are needed. For example, food purchasing behaviours seem,
theoretically, to be a likely mediator lwyhich local food access or aspects of the
O2yadzYSNI ydzi NARGA2Y SYGPANRBYYSYy(d a3SiG dzy RSNJ (KS
study, distance from home to the nearest convenience store significantly predicted
BMI and WC for females; the further females liaaaay from the closest convenience

store, the lower their BMI and WC. It seems plausible that a potential mechanism by
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food purchasing from convenience stores, which temdhave a plethora of energy
dense snack foods available relative to other food outlet ty@d@$, 239). No studes

to our knowledge have examined food purchasing behaviours as mediators between
food environment characteristics and dietlated outcomes; there is a clear need for
this kind of research to contribute to our understanding of food environment theory
andresearch.

While a better understanding of the relationship between objective and
perceived measures can help to refine assessment methodologies and facilitate the
interpretation of food environment studied 8, 41, 160), questions remain about the
relationship between objective and perceived measures. Both agetsted and
FFF2NRFIOATAGE LISNOSLIWIA2ya 6SNB LINSBRAOGSR o8
levels, residents perceived poorer access, availability and quality, and poorer
affordability in their neighbourhoods than elsewhere in their cities. These pée
corresponded with objective accesslated measures (e.g., grocery stores were 180m
further from high relative to lowincome households and 171m further from €ar
owners than norcarowners, p<0.001 for both). On the other hand, affordability
percepgions were not reflected by objective measures: income level was unrelated to
either mean healthy food basket cost (B=0.009, p=0.902) or NE&ffordability
scores (B<0.001; p=0.873) and-ommers actually had lower mean healthy food
basket cost within Em of home (B=2.05, p<0.001) (despite slightly lower NEBIS
affordability scores (B8.02, p<0.001)). It seems counterintuitive that higher income
households would perceive worse food affordability, since food affordability is
generally deemed to be relize to purchasing power, and also because objective food

affordability data generally did not support these perceptions. That said, results from

amultitraitY dzf GAYSGK2R YIFGNRE SEFYAYyAy3d 02y @SNBSYI

perceptions of affordability ed the NEMSS affordability score revealed very low
correlation (r=0.029§220), so the fact that perceptions did not reflect objective

measures were not surprising. These results speak to the complex interplay of factors

NJ

¢

GKFG Y@ RSUGUSNYAYS NBAARSYGAQ LISNOSLIGA2Yyad C2I

related to affordability were fairly general; residents were asked about the cost of

GLINERAzOS¢ FyR af2¢ Fli LINPRAOGEE Ay GKSANI ySA:
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neighbourhoods rather than specific fruits and vegetables or specifitdbw
products. It is posble that the specific types of foods respondents thought about
when responding to these questions differed by income level.
Finally, accesmelated perceptions were more strongly predicted by
consumer nutrition environment measures (specifically lindesfsspace of fruits and
vegetables) than by community nutrition environment measures, which reflects the
importance of extending traditional examinations of community nutrition
environments to consider consumer nutrition environments as well.
Third, froma policy and programming perspective, the results of this study
AYRAOFIGS NBAARSYGAQ LISNOSWIiAZ2ya ¢g2dZ R y2Gd 0S5 |
dietNBf F SR 2dzi02YSas aiAyOS LISNOSLIWIA2ya 6SNB y2i
objective measures and tise outcomes. Given the cressctional nature of the
current study, it is impossible to know whether acting on objective food environment
features through zoning regulations or healthy corner stores programs would be an
effective strategy in promoting héthy diets or weights among residents;
nevertheless, it appears that improving the objective food environment may be a
Y2NB LINPYAAAY3A adNraGS3e Ay GKAA adGdzRe aSiaAay3
awareness of local, nutritious options. While we recogttied the development of
policies and programs depends on more than evidence, there are several policy
LINA2NRGASE ARSYGATASR Ay (GKS wS3IAz2y 2F 2| (SNI
improving food access for resider(td, 20). Therefore, the current study can help
public health fanners to determine policy or program solutions that will be both
acceptable and evidendeased in a jurisdiction already supportive of healthy food
environments.
Like most food environment research, this study was limited by its €ross
sectional naturg5,7-9)® . SOl dza S Gy SA 3K 0 delzhifod2WRie || YR AYRA QDA
over time through complex, interelated processé €271)(p. e37), longitudinal
studies are needed to observe changes in the food environment related to changes in
NB & A R Syelataddutddmes.iMoreover, longitudinsiudies can contribute to an
understanding of neighbourhood health effects by addressing individual
characteristics than contribute to the inteelated processes mentioned abo{&72).

Another limitation of the current study was that only food environments around
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home were examined, to the exclusion of othettgutially meaningful places.

Although this is common practi¢b), more theoretically sound ways of

conceptualizing food environments should be tes{gr example, recent work on

activity space§ S @ f dzr G Ay 3 AYRAGARdzZ £ aQ GNI @St LI GGSNys
throughout their daily liveg seems to hold promise for the field of food environment

research(175, 177, 273)). These limitations, however, are outweighed by the

strengths of the study, whicimclude the use of a large, populatitmased sample

from a range of incomes, the incorporation of a variety of objective community and

consumer nutrition environment measures as well as perceptual variables, and the

inclusion of diet quality, BMI, and WE gelevant outcomes of interest. Results from

this study suggest that several objective food environment measures (notably

convenience store access for women, grocery store access for men and relative food

affordability in stores for both sexes) predicetirelated outcomes relevant to public

KSIFIf 0K AYRSLISYRSYyG 2F K2g NBAARSYyGaQ LISNOSAGS
can contribute to the development of policies or programs aimed at improving food

environments in jurisdictions where policy makare ready to act.
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Table 51: Description of food environment measures

Instrument Outlet type  Constructs Addressei Methodology
assessed
Objective Community Nutrition Environment
Proximity to the nearest Stores and Access ¢KS ySig2N] RAaGFYOS o0Y0 FNRY
food outlet of a certain  restaurants grocery store, the narest convenience store, and the nearest fast
type (153 food outlet.
Intensity(153) Stores Access The numler of food stores or restaurants within a given buffer zone
Restaurants
Diversity(153) Stores and Access The number of diverse types of food outlets (five types of food stor
restaurants (convenience, grocery stores, specialty food stores, pharmacies, a
warehouse clubs and superstores) and two types of restaurants
(limited-service and fulkervice)) within 2000m of homenin: 0; max:
TY 6A0GK Wr1Q AYRAOFGAY3 GKS LINF
RFHIL5) Stores and Access Geographic analysis of ratio of numberfat-food outlets and
restaurants convenience stores to grocery and specialty stores
Objective Consumer Nutrition Environment
Shelfspace measures  Stores Availability Two variables: Cumulative linear shsiface of fruits and vegetables
(122 (including fresh, frozen and canned varieties) (m), and the cumulai
linear shelfspace of energyglense snack foods (including candies,
carbonated beverages, salty snack foods, ée®knd crackers, donut
and pastries) (m)
NEMSS Checklist37) Stores Availability Objective audits of food stores: mean NEBIScores whin 1000m of
Affordability home for each construct (e.g., mean NEBI&vailability, mean NEMS
Quality S affordability, and mean NEMSquality) were computed
NEMSR Checkligt38) Restaurants Availability Objective audits of restaurants: mean NERScores within 2000m o
Affordability home for each construct (e.g., mean NERI&vdability, mean NEMS
Barriers and R affordability, and mean NEMRSbarriers and facilitators) were
Facilitators computed.
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Instrument Outlet type  Constructs Addresser Methodology
assessed
Perceptual Variables
Neighbourhood food Stores and  Access Agreement with the following statements on gpéint Likert scale
environment restaurants  Availability FaaSaaSR NBAARE¢sEaQ¢KSNBS LINE 2 y
perception§160, 196) Affordability myrSAIKo2dzZNK22RFEéT aLdG Aa Sl ae
Quality @S3ASGlIotSa Ay Y& ySAIKo2dzAEK2 2F

products (suchaslo® I G YAt {1 2NJ £ Sty YSIi
G¢EKSNE FNB | 234 2F Frad F22R
Availabilityy 4 ¢ KSNB A& | tfFNBS astscC
F @At FOotS AY Yé yYySAIKO2dzNK2-#aR ¢
LINR RdzOG & F @F Af | of S
GKS NBaGI dzN»F yGa A

AffordabilityY aL &aK2LJ St
YSAIKO2dz2NK22R | NB 2 KAIKFET
Y2NB SELISyaArdsS GKFy GKIFG Agat 2i
products in my neighbourhood are more expensive than those in
otherl NB I & ®df ¢

Qualityy a ¢ KS FNBaK LINRPRddzOS Ay Yeé
GCKSTERGLINRRAzOGA Ay Y& ySAIAKO:
items were reversescored)
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Table 52: Descriptive food environment characteristics

Food environment chaacteristic

Mean (SD) or %

Distance from home to nearest grocery store (m) 1001 (649)
Distance from home to nearest convenience store 526 (374)
(m)

Distance from home to nearest fast food outlet (m) 582 (410)
Store intensity within 1000m 8.6 (8.8)
Regaurant intensity within 2000m 19.9 (25.1)
Diversity within 2000m 4.3 (1.8)
RFEI within 2000m 5.6 (5.4)

Shelf space of energglense snack food (m) within
1000m

419.5 (368.2)

Shelf space of fruits and vegetables (m) within
1000m

126.4 (119.0)

NEMSS mean availability score within 1000m 11.8 (5.3)
NEMSS mean affordability score within 2000m -0.5 (0.6)
NEMSS mean quality score within 1000m 2.3 (1.5
NEMSR mean availability score within 2000m 7.0 (2.8)
NEMSR mean affordability score within 1000m -1.3 (0.8)
NEMSR mean facilitators and barriers score within 3.7 (2.9)
NEMSR mean access score within 1000m 10.4 (3.3)
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Table 53: Sample characteristics

Female: Mean (SD) or %

Male: Mean (SD) or %

High household income (%)

31.3

31.4

Car Owneship (%) 92.4 86.5

Age (mean (SD)) 41.4 (18.0) 40.9 (17.7)
Adults with at least a university 40.3 42.1
degree (%)

Average HEI score (mean (SD)) 54.6 (9.8) 50.8 (9.5)
BMI (mean (SD)) 26.8 (6.3) 27.6 (5.5)
WC (mean (SD)) 86.2 (16.1) 94.1 (15.3)

156



Talle 54: Path A results, objective food environment variables predictive of perceptions

Objective Variables

Perceived Access,
Availability, Quality

Perceived Affordability

Income

-0.064(0.028)*

-0.146(0.028)***

Car Ownership

0.060 (0.067)

-0.309(0.066)***

Community Nutrition Environment

Distance to nearest grocery store (km) (SD)

-0.390(0.030)***

0.007(0.031)

Distance to nearest convenience store (km) (SD)

-0.068(0.053)

-0.112(0.052)*

Distance to the nearest fast food outlet (km) (SD)

-0.144(0.047)*

-0.146(0.046)*

Diversity (SD) 0.112(0.012)*** -0.013(0.012)

Intensity: Stores (SD) 0.014(0.005)** -0.015(0.005)**
Intensity: Restaurants (SD) -0.002(0.002) 0.005(0.002)**
RFEI (SD) -0.004(0.004) 0.012(0.004)***

Consumer Nutrition Environment

Fruitand Vegetable She8pace (km) (SD)

2.31(0.18)**

-0.445(0.117)*

Energy Dense Shebpace (km) (SD)

0.517(0.060)***

-0.106(0.059)

NEMSS Availability (SD) 0.044(0.006)*** 0.003(0.006)
NEMSS Affordability (SD) -0.019(0.040) 0.002(0.039)
NEMSS Quaty (SD) -0.071(0.020)*** 0.003(0.019)
NEMSR Availability (SD) 0.009(0.016) -0.010(0.015)
NEMSR Affordability 0.022(0.034) 0.014(0.033)
NEMSR Barriers and facilitators to healthy eating 0.033(0.010Q)*** -0.017(0.010)
NEMSR Access 0.018(0.012) 0.027(0.012)*
Mean Healthy Food Basket total price 0.014(0.001)*** -0.002(0.001)*

* significant at p<0.05; ** significant at p<0.01; ***significant at p<0.001
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Table 55: Path B, diet quality, body mass index (BMI) and waist circumference (WC) rdgyagserceptions (ranges from all
path B regressions)

Females Males
Diet Quality BMI WC (cm) Diet Quality BMI WC (cm)
IndividuaHevel characteristics
Age (Beta, SE) 0.04(0.02) 0.10 0.27 0.006(0.025 0.10 0.36
(0.008)***  (0.02)*** ) (0.008)***  (0.02)***
Education level 1.39 -0.84 -2.09 1.26 (0.54)* -0.18(0.15) -0.07(0.39)
(Beta, SE) (0.47)** (0.18)*** (0.46)***

Householdlevel characteristics

Income (Beta, SE) 0.66(0.63) -0.58(0.26)* -0.77(0.71) -0.11(0.22) -0.92(0.59)

1.58(0.61)*

Ca ownership 1.45(1.55) -1.47(0.91) -2.18(1.94) -0.20(1.97) 1.71(0.77)* 3.19(1.93)

(Beta, SE)

Perceptions

Accesgelated -0.06(0.49) -0.10(0.16) 0.19(0.42) 0.91(0.52) -0.20(0.14) -0.53(0.36)
(Beta, SE) p=0.901to p=0.560to- p=0.659to p=0.083t0 p=0.163to- to-

0.31(0.48) 0.05(0.17), 0.26(0.42) 1.09(0.52) 0.09(0.15) 0.35(0.36)
p=0522  p=0.766  p=0.544  p=0.035  p=0.541  p=0.343

Food affordability ~ 0.16(0.50) -0.16(0.16) -0.050.38) 0.69(0.50)  -0.05(0.14) -0.32(0.34)

(Beta, SE) p=0.736to0 p=0.307to- p=0.892to p=0.174t0  p=0.697 to- p=0.342 to-
0.26(0.49) 0.12(0.16) 0.07(0.38) 0.73(0.50)  0.02(0.14) 0.25(0.35)
p=0.596 p=0.434  p=0.847 p=0.147 p=0.861 p=0.476

* significant at p<0.05; ** significant at p<0.01; ***significant at p<0.001
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Table 56: Rath C regression coefficients for mukivel analysis of househaeldnd individualevel factors associated with diet
quality, body mass index (BMI), and waist circumference (WC)

Female Male
DietQuality BMI WC Diet Quality BMI WC

Community Nutriton Environment

Distance to nearest -1.56(1.06) 0.19(0.28) 0.10(0.70) -1.41 (0.76) 0.52 (0.22)* 0.48 (0.59)

grocery store (km) (SD)

Distance to nearest 2.19(1.95) -2.23(0.63)*** - 1.96(1.74) 0.09(0.52) -0.98(1.35)

convenience store (km) 6.41(1.52)***

(SD)

Distance to the nearest  1.97(1.79) -1.07(0.58) - 0.019(1.53) -0.49(0.51) -1.73(1.310)

fast food outlet (km) (SD) 4.95(1.42)%**

Diversity (SD) -0.08(0.30) -0.02(0.12) 0.01(0.29) 0.39(0.31) -0.12(0.10) -0.16(0.25)

Intensity: Stores (SD) -0.040.10) 0.09(0.04)* 0.18(0.10) -0.11(0.12) 0.05(0.04) 0.10(0.08)

Intensity: Restaurants 0.01(0.04) -0.04(0.02)* -0.06(0.04) 0.06(0.05) -0.03(0.01)* -0.05(0.03)

(SD)

RFEI (SD) -0.09(0.07) 0.04(0.04) 0.09(0.08) -0.12(0.08) 0.07(0.04) 0.18(0.08)*

ConsumemlNE

Fruit and Vegetable Shell 5.51(4.39) -0.10(1.40) 1.17(3.33) 8.33(4.43) -0.99(1.18) -0.17(2.99)

Space (km) (SD)

Energy Dense Shedpace 0.37(1.29) -0.16(0.50) 0.29(1.21) 1.58(1.45) -0.64(0.41) -0.43(1.07)

(km) (SD)

NEMSS Availability (SD) 0.07(0.15) -0.09(0.05) -0.14(0.11) 0.34(0.12)**  -0.06(0.04) -0.12(0.09)

NEMSS Affordability (SD) 0.89(0.87) -0.60(0.26)* -1.42(0.64)*  0.31(0.75) -0.55(0.24)* -1.42(0.59)*

NEMSS Quality (SD) 0.11(0.42) 0.05(0.14) 0.33(0.35) -0.50(0.35) 0.02(0.11) -
0.0007(0.30)

NEMSR Availability (SD) -0.45(0.33) -0.32(0.12)** -0.18(0.28) 0.13(0.29) -0.16(0.10) -0.17(0.26)

NEMSR Affordability -0.61(0.70) -0.03(0.25) 0.21(0.58) 0.45(0.63) -0.19(0.19) -0.23(0.51)

NEMSR Barriers and 0.29(0.27) 0.17(0.08)* 0.18(0.18) -0.20(0.23) 0.10(0.06) 0.33(0.16)*

facilitators to healthy

eating

NEMSR Access -0.11(0.29) 0.17(0.09) 0.45(0.23) 0.17(0.25) 0.14(0.08) 0.23(0.22)

Mean Healthy Food 0.02(0.03) -0.001(0.008) 0.004(0.02) 0.04(0.02) - -0.001(0.02)

Basket total price 0.0060.006)

* significant at p<0.05; ** significant at p<0.01; ***significant at p<0.001
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