
Journal of Urban Health: Bulletin of the New York Academy of Medicine, Vol. 90, No. 2
doi:10.1007/s11524-012-9722-6
* 2012 The New York Academy of Medicine

Comparison of Two Indices of Availability of Fruits/
Vegetable and Fast Food Outlets

Geneviève Mercille, Lucie Richard, Lise Gauvin, Yan Kestens,
Hélène Payette, and Mark Daniel

ABSTRACT Studies of food environment often examine single dimensions of areas that may
not account for complexity of exposure to all food sources. With respect to the deprivation
amplification hypothesis, particular needs are to assess whether relative or absolute
measures of the food environment are related to characteristics of social environment. The
objective of this study was to compare absolute availability (AA) of fast food outlets (FFO)
and stores selling fresh fruits and vegetables (FVS) with the relative availability (RA) of the
same food sources in relation to area-level poverty and ethnic diversity in 248 selected
census tracts (CT) in Montreal, Canada. AA of FFO and FVS were expressed as areal
densities of food sources within CTs. RA indices were calculated as the proportion of FVSs
relative to total food stores and the proportion of FFOs relative to all restaurants within
CTs, respectively. Whereas the AA of FFOwas positively associated with area-level poverty
and ethnic diversity, the RA of FFO was inversely associated with area-level poverty and
not associated with ethnic diversity. Both measures of FVS were positively associated with
area-level poverty and ethnic diversity. These findings do not support a model of
deprivation amplification. Furthermore, results of FFO suggest that the alternate measure
of RA can complement information based on AA indicators of the food environment, with
potential utility in predicting eating practices.

KEYWORDS Food environment, Neighborhood, Geographical information system,
Accessibility

INTRODUCTION

Access to healthful and affordable food from neighborhood retail food sources may
support individuals’ ability to adopt a healthful diet.1 The deprivation amplification
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hypothesis2 posits that compared to residents living in more affluent areas, residents
in deprived neighborhoods are more likely to be exposed to energy-dense foods
available at convenience stores and fast food outlets (FFO) while having poor access
to supermarkets offering healthier foods. This situation then reflects and perpetuates
structural inequalities in access to healthful food. Evidence to this effect exists in the
United States for residents of low-income and minority neighborhoods, but results
from other westernized countries are sparse and inconclusive.3,4 For Montreal,
Canada, access to stores selling fresh fruits and vegetables (FVS) are not associated
with neighborhood socioeconomic status but associated with presence of ethno-
cultural diversity.5–7 FFO are also more concentrated in ethnically diverse
neighborhoods.5

The above ecological studies tend to be limited in that most examined a single
dimension of the food environment. Estimates of the concentration of FFO or
supermarkets alone may not account for the complexity of exposure to all food
sources.3,8 Few researchers have used other metrics to characterize unhealthful or
healthful food sources relative to each other or relative to all food sources in
residential areas.9–12 Complementary measures may provide additional, more
nuanced information about the food environment and its impact. For instance, the
Retail Food Environment Index, the ratio of the number of FFO and convenience
stores to supermarkets and specialty food stores, is correlated with obesity.11,12

Empirical representations of the food environment require further validation.13 With
respect to the deprivation amplification hypothesis, particular needs are to assess
whether different dimensions of the food environment are better related to measures
of the social environment.

This study evaluated measures of the absolute availability (AA) of FFO and FVS
(expressed as areal densities) with the relative availability (RA) of FFO and FVS
(expressed against a representation of most food sources) in relation to area-level
variation in poverty and ethnic diversity.

METHODS

The area included in this study covered 248 census tracts (CT) of a total of 862 in
the Montreal metropolitan area in which participants in a study of environmental
determinants of healthful aging were residing.14,15 Information on food stores and
restaurants was obtained in May 2005 from Tamec, Inc. and geocoded at the
address and postal code levels. Convergent and criterion validity of this database
have been established for food sources.16 Food stores and restaurants were then
categorized according to a methodology already described.17 Areal densities of food
outlets within CTs (i.e., number of services per CT) were calculated for FVS
(including groceries and supermarkets, fruits and vegetables stores, and farmer’s
markets), FFO (including major chains and nonchain local fast food), convenience
stores, and full-service restaurants using the kernel density method.18 Given skewed
data, outliers were capped at the average plus 3.29 standard deviations.19

Two types of measures of availability were considered: (1) a measure of AA
represented by the densities of FFO and FVS and (2) the RA of FFO and FVS
expressed against a representation of most food sources in the CT. To estimate RA
indices, food outlets were classified a priori into two categories of more healthful
(FVS and full-service restaurants) or unhealthful (FFO and convenience stores). A
RA index for FVS was calculated as the proportion of FVSs relative to total food
stores with that for FFO calculated as the proportion of FFOs relative to all
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restaurants in the CT. The resulting scores ranged from 0 to 100, with scores closer
to100 indicating a higher proportion of specific food sources.

Two variables reflecting characteristics of populations living in the CTs were
obtained from the 2001 Statistics Canada Population Census (www12.statcan.ca/
english/census01/home/index.cfm). The first was an estimate of poverty level,
operationalized as the proportion of residents in households below the low-income
threshold, and the second was the proportion of households speaking neither official
language at home (i.e., French and English), reflecting ethnic diversity of the area.
Both variables were categorized into quartiles.

Descriptive data (median availability and interquartile ranges) were computed.
Associations between availability measures of FFO and FVS were examined with
Spearman’s rank order correlations, and associations with poverty level and ethnic
diversity were tested with a nonparametric Jonckheere–Terpstra tests.20,21 The latter
procedure allowed assessment of gradients in food outlets across levels of poverty
and ethnic diversity. Analyses were conducted in autumn 2010 using PASW
Statistics 18.0 for Mac OS X.

RESULTS

Data were missing for one CT. Table 1 provides median values of AA and RA indices
of FFO and FVS across the sample of CTs and according to quartiles of poverty level
and ethnic diversity. Correlation analyses indicated that the AA and RA of FFO and
FVS were weakly and moderately correlated, respectively (Spearman’s r=−0.14, p=
0.032, r=0.44, pG0.001). Whereas the AA of FFO was positively associated with
area-level poverty and ethnic diversity, the RA of FFO was inversely associated with
area-level poverty and not associated with ethnic diversity. Both the AA and RA of
FVS were positively associated with area-level poverty and ethnic diversity.

DISCUSSION

Consistent with previous work,5–7 the findings show that residents of poorer and
more ethnically diverse neighborhoods are more exposed to FVS but also slightly
more exposed to FFO in absolute terms. For Montreal, the deprivation amplification
hypothesis2 seems to hold only for unhealthful eating places. However, the absence
of an association between the alternate RA measure of FFO with ethnic diversity
and its negative association with poverty level suggest that residents of these
neighborhoods have access to nearby eating places other than fast foods. Hence,
these results suggest that the deprivation amplification hypothesis might not hold for
FFO, either. Given that only the central regions of the total metropolitan area was
covered by this study, it is possible that poor and ethnically diverse populations are
more likely to live in areas with traditional urban form characterized by greater land
mix use.

The results for FFO, coupled with a weak correlation between AA and RA of
FFO, suggest that the RA of FFO captures a different aspect of the food environment
above and beyond absolute density as given by the AA measure.10 However, the AA
and RA measures of FVS showed substantial shared variance indicating that the RA
of FVS may be tapping into the same construct as AA. Other urban environments
should similarly evaluate and compare the utility of relative versus absolute
measures of the food environment in relation to the social environment.
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Limitations of the current study include the use of administrative units to define
neighborhoods. Also, the number of CTs does not allow for inferences for the entire
region. Lastly, the classification of food outlets was based on store type, not store
size or the actual food supply in outlets.22 Despite these shortcomings, this study
shows that alternate measures of the RA of different types of food sources in
residential environments can provide complementary information on the extent to
which local food environments are healthful or not.8 Future studies are needed to
undertake investigations in different settings on the utility of relative indicators in
association with diet-related outcomes and for a variety of population groups.

REFERENCES

1. Story M, Kaphingst KM, Robinson-O’Brien R, Glanz K. Creating healthy food and
eating environments: policy and environmental approaches. Annu Rev Public Health.
2008; 29(1): 253–272.

2. Macintyre S. Deprivation amplification revisited: or, is it always true that poorer places
have poorer access to resources for healthy diets and physical activity? Int J Behav Nutr
Phys Act. 2007; 4(1): 32.

3. Fraser L, Edwards K, Cade J, Clarke G. The geography of fast food outlets: a review. Int J
Environ Res Public Health. 2010; 7: 2290–308.

4. Beaulac J, Kristjansson E, Cummins S. A systematic review of food deserts, 1966-2007.
Prev Chronic Dis. 2009; 6(3).

5. Daniel M, Kestens Y, Paquet C. Demographic and urban form correlates of healthful and
unhealthful food availability in Montreal, Canada. Can J Public Health. 2009; 100(3):
189–93.

6. Apparicio P, Cloutier MS, Shearmur R. The case of Montreal’s missing food deserts:
evaluation of accessibility to food supermarkets. Int J Health Geogr. 2007; 6(4).

7. Bertrand L, Therrien F, Cloutier MS. Measuring and mapping disparities in access to
fresh fruits and vegetables in Montreal. Can J Public Health. 2008; 99(1): 6–11.

8. Charreire H, Casey R, Salze P, et al. Measuring the food environment using geographical
information systems: a methodological review. Public Health Nutr. 2010; 13: 1773–1785.

9. Gallagher M. Examining the impact of food deserts on public health in Chicago. Chicago:
Mari Gallagher Research and Consulting Group, 2006. www.marigallagher.com/
site_media/dynamic/project_files/1_ChicagoFoodDesertReport-Full_.pdf. Accessed October
25, 2010.

10. Mehta NK, Chang VW. Weight status and restaurant availability: a multilevel analysis.
Am J Prev Med. 2008; 34: 127–133.

11. California Centre for Public Health Advocacy, Policy Link, the UCLA Center for Health
Policy Research. Designed for disease: the link between local food environments
and obesity and diabetes. Davis, CA. 2008. www.healthpolicy.ucla.edu/pubs/files/
Designed_for_Disease_050108.pdf. Accessed October 25, 2010.

12. Spence J, Cutumisu N, Edwards J, Raine K, Smoyer-Tomic K. Relation between local
food environments and obesity among adults. BMC Public Health. 2009; 9: 192.

13. Matthews SA, Moudon AV, Daniel M. Work Group II: using geographic information
systems for enhancing research relevant to policy on diet, physical activity, and weight.
Am J Prev Med. 2009; 36(4S): S171–S176.

14. Gaudreau P, Morais JA, Shatenstein B, et al. Nutrition as a determinant of successful
aging: description of the Quebec longitudinal study Nuage and results from cross-
sectional pilot studies. Rejuvenation Res. 2007; 10: 377–386.

15. Payette H, Gueye N, Gaudreau P, et al. Trajectories of physical function decline and
psychological functioning: the Québec Longitudinal Study on Nutrition and Successful
Aging (NuAge). J Gerontol B Psychol Sci Soc Sci. 2011; 66B(S1): i82–i90.

MERCILLE ET AL.244

http://www.marigallagher.com/site_media/dynamic/project_files/1_ChicagoFoodDesertReport-Full_.pdf
http://www.marigallagher.com/site_media/dynamic/project_files/1_ChicagoFoodDesertReport-Full_.pdf
http://www.healthpolicy.ucla.edu/pubs/files/Designed_for_Disease_050108.pdf
http://www.healthpolicy.ucla.edu/pubs/files/Designed_for_Disease_050108.pdf


16. Paquet C, Daniel M, Kestens Y, Leger K, Gauvin L. Field validation of listings of food
stores and commercial physical activity establishments from secondary data. Int J Behav
Nutr Phys Act. 2008; 5: 58.

17. Kestens Y, Lebel A, Daniel M, Thériault M, Pampalon R. Using experienced activity
spaces to measure foodscape exposure. Health Place. 2010; 16: 1094–103.

18. Silverman BW. Density estimation for statistics and data analysis. London: Chapman and
Hall; 1986.

19. Tabachnick BG, Fidell LS. Using multivariate statistics. 5th ed. Boston, MA: Allyn and
Bacon; 2007.

20. Jonckheere AR. A distribution-free k-sample test against ordered alternatives. Biometrika.
1954; 41: 133–145.

21. Terpstra TJ. The asymptotic normality and consistency of Kendall’s test against trend,
when ties are present in one ranking. Indagationes Mathematicae. 1952; 14: 327–333.

22. Pouliot N, Hamelin A. Disparities in fruit and vegetable supply: a potential health
concern in the greater Québec City area. Public Health Nutr. 2009; 12: 2051–2059.

COMPARISON OF TWO INDICES OF AVAILABILITY OF FOOD SOURCES 245


	Comparison of Two Indices of Availability of Fruits/Vegetable and Fast Food Outlets
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


