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ABSTRACT 

Obesity is a growing health concern in Canada and worldwide. The role of 

environmental factors in obesity has recently been the centre of attention of 

some researchers. The purpose of this study was to examine whether the density 

of food environment is associated with BMI and WC of adults aged 35 to 70 

years who reside in eight communities in and around Vancouver. In this cross-

sectional study, a total of 1393 men and women were recruited. Multiple linear 

regression analysis adjusted for socio-demographic factors were run to test the 

associations between the density of food environment and BMI and WC. The 

density of convenience stores and baked goods stores had a significant positive 

association with adult BMI while the density of limited-service restaurants 

showed negative association with BMI. Further, the density of convenience 

stores was positively associated with WC, while the density of specialty stores 

and limited-service restaurants were negatively associated with WC.  

Keywords: Obesity; BMI; WC; Density; Cross-sectional; Prospective; 
Epidemiologic; Multiple linear regression 
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1:  INTRODUCTION 

Obesity is a growing health concern in the Canadian population and worldwide. It 

is known as one of the leading cause of preventable death (Tjepkema, 2005). In 2003, 

obesity was identified as a ―global epidemic‖ by World Health Organization (WHO) 

(WHO, 2009).  In British Columbia (BC) approximately more than 2000 residents are 

dying prematurely due to obesity-related illnesses annually (Colman, Dodds, & Wilson, 

2001). According to Statistics Canada (2008), 36% of adult Canadians were overweight 

(BMI≥ 25 kg/m2) and 23% were obese (BMI>30 kg/m2) in 2004. 

Obesity is a complex health problem. A number of factors contribute to 

overweight and obesity, including genes, energy imbalance and the environment. 

Environmental factors play an important role in people‘s dietary behaviour and obesity 

as demonstrated by Janssen and colleagues (2004). Previous studies related to the 

food environment found that residents who live in a neighbourhood with higher access 

to fruit and vegetable outlets have healthier diets than people who live in areas with low 

access to these stores (Morland, et al., 2002; Rose and Richards, 2004) and less 

obesity (Morland , Diez Roux , &Wing, 2006). Other studies have found that the 

availability of fast food outlets is associated with unhealthy diets and obesity (Moore, et 

al., 2008; and Maddock, 2004). Besides these findings, the association between the 

food environment and obesity is still not fully understood. In addition, studies that have 

investigated the relationship between food environment and obesity are limited. 
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This study aims to describe the demographic characteristics and food 

environment of eight urban and rural communities in the greater Vancouver area and to 

examine whether the density of the food environment is associated with directly 

measured Body Mass Index (BMI) and Waist Circumference (WC) of adults aged 35 to 

70 years who reside in the targeted communities. We hypothesized that the food 

environment would influence BMI and WC of the participants in different communities. 

For example, people who have higher access to convenience stores and limited service 

restaurants may have higher BMI and WC than people who have less access to these 

food stores. Findings from this study may aid in highlighting the impact of food 

environment on obesity and contribute to the evolution of successful community- based 

prevention efforts that will effectively reduce the rate of overweight and obesity in BC. 

1.1 Background 

 
During the past 30 years, there has been a dramatic increase in the rate of 

obesity in Canada. Based on the Canadian Health Survey, the rate of adult obesity has 

risen by approximately 39% from 1978/79 to 2004 among Canadian adults (Tjepkema, 

2005). Likewise, the rate of overweight has more than doubled in BC and the rest of 

Canada since 1985. Although the prevalence of overweight in BC is reported as the 

lowest in Canada, the rise of adult overweight rate in this province is among the highest 

across the country (Colman, Dodds, & Wilson, 2001). 

  Obesity is considered to be the result of an energy imbalance between calories 

consumed and calories expended (WHO, 2009). Body Mass Index (BMI) has become 

the most commonly used indicator of relative weight, and is calculated by dividing 
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weight in kilograms by height in metres squared. Although BMI has been used as a 

measure of obesity by many researchers, BMI is not an accurate measure of obesity 

because it does not account for the wide variation in body fat throughout the body and 

does not differentiate between weight contributed by fat, muscle or bone mass. Other 

measures, such as WC, skin-fold measurements and waist to hip ratio (WHR), are 

identified as a more accurate predictor for determining the risk of obesity related 

diseases (Poirier, 2007). In addition to BMI, this study will use WC, as indicators of 

general obesity and abdominal obesity, respectively. 

 The growing rates of obesity have both health and economic consequences 

since obese people are at greater risk of developing co-morbidities. Being overweight or 

obese increases the likelihood of developing various diseases, particularly 

cardiovascular disease, type 2 diabetes, hypertension, osteoarthritis, and certain types 

of cancer (WHO, 2003). Obesity has also been shown to reduce quality of life, and lead 

to premature death (WHO, 2009). An analysis of the statistical data showed that 

Canadians with a BMI of greater than 30 kg/m2 are four times more likely to have 

diabetes and 3.3 times more likely to have high blood pressure (Tjepkema, 2005). 

Chronic diseases require frequent use of health care resources. Therefore, the 

increased rate of obesity has resulted in a huge economic burden. It has been 

estimated that obesity costs the health care system of BC between $730 million and 

$830 million per year, which accounts for 0.8% of the province‘s Gross Domestic 

Product (Colman, Dodds, & Wilson, 2001). 

Several factors may contribute to the increase in the rate of overweight and 

obesity, including sedentary lifestyle, rising stress levels, longer work hours, and poor 
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eating habits (high-saturated fat, high-salt, and low fibre diets). Even though BC has the 

highest rate of physical activity in the country, still 51% of residents of this province do 

not exercise regularly (three or more times a week). In addition, the residents have the 

highest rate of eating out in the country (Colman, Dodds, & Wilson, 2001). 

Environmental factors in which people live may be important factors that contribute to 

overweight and obesity. To prevent obesity, it has been suggested that individual 

dietary changes might be easier if the environment within which dietary choices are 

made supports healthful food options (WHO, 2003).  

The majority of studies on environmental associations with obesity have focused 

on the built environment. The built environment is defined as a multidimensional 

concept, generally including patterns of human activity at various scales of geography 

within the physical environment (Handy, et al., 2002). Understanding the association 

between built environment factors (presence of sidewalks, green spaces, and food 

stores) and obesity has recently been the centre of attention of some researchers. 

Previous studies have indicated that supermarkets offer the greatest variety of food at 

the lowest cost (Hersey, et al., 2001). Therefore, it is more likely that people who live 

close to a supermarket can take advantage of these resources and may have better diet 

quality and lower BMI. In fact, a number of studies have reported that better access to 

supermarkets and grocery stores increases residents‘ fruit and vegetable consumption 

(Moore, et al., 2008; Morland, et al., 2002; Rose and Richards, 2004; Laraia, 2004; & 

Zenk, et al., 2009). These findings may be relevant to the prevalence of obesity.  A 

growing body of research has examined the association between access to various 

types of retail food stores and the prevalence of obesity. Several studies have found 
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that better access to supermarkets and grocery stores is related to reduces risk of 

obesity (Powell, et al., 2007; Lopez, 2007; Inagami, Cohen, Finch, and Asch, 2006; 

Morland , Diez Roux, Wing, 2006; and Liu , Wilson , Qi, and Ying, 2007) while greater 

access to fast food restaurants and convenience stores is related to increased risk of 

obesity (Morland , Diez Roux, and Wing, 2006; and Powell, et al., 2007; and Maddock, 

2004). Despite all these findings, some studies have not found a positive association 

between density and access to supermarkets and reduced obesity risk (Ford and 

Dzewaltowski, 2010; and Wang, 2007). Therefore, more related research studies are 

needed to fully understand the association between supermarkets and obesity. In 

addition, the current literature has neglected to examine the association of a variety of 

food environment variables and obesity in addition to supermarkets and fast food 

restaurants, such as specialty food stores, baked goods stores, and places specializing 

in serving alcoholic drinks. 
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2: METHODS AND PROSEDURES 

2.1 Study population 

A total of 1393 men and women between the ages of 35 and 70 years were 

selected who were permanent residents within one of the targeted communities in the 

greater Vancouver area (see appendix A for communities map). Data were obtained as 

part of the ongoing Prospective Urban and Rural Epidemiological (PURE) study which 

recruited 2754 participants from a total of 15 communities. Recruitment was conducted 

between October 2006 and April 2009 across the eight urban and rural communities 

used in the present analysis from various socio-economic backgrounds in and around 

Vancouver, BC. The participants in the PURE study were recruited based on residence 

within previously identified communities defined using Canada Post forward sortation 

areas (three-digit postal areas). All the community residents received an invitation letter 

to participate followed by a telephone call within two weeks to screen residents for the 

study criteria. A total of six unanswered telephone calls at different times of day were 

attempted before the household is listed as a non-responder. To be eligible for the study 

a recipient must have plans to remain at their current residence for the next four years 

and be fluent in either English or French. Individuals who could not provide informed 

consent were excluded from the study. Participants used in the study presented here 

were recruited from eight communities with specific three-digit postal codes (V5Y, V3N, 

V5G, V5H, V5C, V5E, V0N, and V3Y). Communities were selected across a range of 

community income levels and then categorized as low and high. This study was 
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approved by Simon Fraser University and written informed consent was obtained from 

all the subjects.  

2.2 Measurement of the local food environment 

The food environment was assessed through the collection by local research 

assistants walking through the entire community carrying an audit list, digital camera to 

take photos and portable global position unit (GPS) to record the type and location of 

food environment variables. For larger areas with less population density, a combination 

of walking in areas of higher density and driving through the community in areas of 

lower density were used. Food environment assessment consisted of recording the 

presence and location of supermarket and grocery stores, convenience stores, specialty 

food stores, meat or fish stores, fruit and vegetable stores, baked goods stores, 

confectionary stores, beer stores, full-service restaurants, limited-service restaurants, 

and drinking places (alcoholic) in each community (see Appendix B for complete 

definition). These food environment variables have been defined based on an existing 

definition from the North American Industry Classification System 2007, previously used 

tools (Boarnet, et al., 2006) and the experience from our pilot investigations. To 

determine the density of the food environment within each community, the data were 

manually counted for each postal code by using Garmin Map Source software (version 

6.16.2, Kansas City, USA), and an online GPS visualizer tool (Portland, Oregon). After 

compiling the data, variables such as confectionary stores and beer stores were 

excluded from the study due to the lack of sufficient numbers and variability in the 

communities. 
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2.3 Anthropometric assessment 

All participants were measured for weight, height, and WC. Participants‘ weight 

was assessed using a digital scale which was calibrated to the nearest 0.2 kg. They 

were asked to be barefoot, wearing light clothing with pockets emptied and stand at the 

centre of the scale, with arms hanging alongside the body. Height was measured using 

a portable stadiometer with a precision of 0.1 cm. WC was recorded in centimetres as 

the average of two measures taken at the point of maximal narrowing from the anterior 

view against the skin following a normal expiration by using an inelastic standard tape 

measure attached to a spring balance. The measure was taken when the spring 

balance indicates a force of 750 grams. BMI was calculated from weight in kilograms 

divided by height in metre squared. Prevalence of obesity was defined as BMI ≥ 30 

kg/m2.  

2.4 Socio-demographic characteristic 

To maintain the consistency in the assessment of socio-demographics and 

anthropometric measures, standard questionnaires (adult questionnaire, household 

questionnaire, and physical measure questionnaire) were used. Demographic data 

(age, gender, marital status, ethnicity, household income, community income, and 

education level), postmenopausal data, smoking status, alcohol use, physical activity, 

and history of heart diseases (diabetes, stroke, angina, heart failure, and other heart 

diseases) were collected from each study participant. These measures were 

operationalized as: (a) age (continuous variable: 35–70 years old); (b) gender (1= 

females; 2= males); (c) education (1= non; 2=primary; 3= secondary; 4= trade school; 

5= college/ university; 6= unknown); (d) household income (1= <20,000; 2= 20,000- 
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30,000; 3= 30,001- 45,000; 4= 45,001- 65,000; 5= 65,001- 90,000; 6= >90,000); (e) 

community income level (1= low; 2= High); (f) ethnicity (1= South Asian; 2= Chinese; 3= 

European; 4= Aboriginals; 5= Latin American; 5= Others); (g) marital status (1= Never 

married; 2= currently married; 3= common law; 4= separated); (h) alcohol use (1= 

formerly used; 2= current use; 3=  never used); (i) tobacco use (1= formerly used; 2= 

current use; 3=  never used), and ( j) physical activity (1=low; 2= moderate; 3= high). 

2.5 Statistical methods 

All data were analyzed using SPSS software (version 17.0, SPSS Inc, Somers, 

NY). Characteristics of the participants are described separately for females and males. 

The difference between these two groups was tested by using chi square for categorical 

variables. All continuous variables were tested for normality and student t- test were 

performed on the data with a type I error rate of a 0.05. The percentage of subjects who 

were obese (BMI ≥ 30 kg/m2) was calculated with the use of recommended international 

cutoffs (Tjepkema, 2005). To describe the density of food environment across the eight 

communities, the number of supermarkets and grocery stores, convenience stores, 

meat or fish stores, fruit and vegetable stores, baked goods stores, specialty food 

stores, full-service restaurants, limited-service restaurants, and drinking places were 

calculated manually. Characteristics of the eight communities and the differences in 

store availability by community were assessed by descriptive statistics, and one-way 

analysis of variance (ANOVA). Further, a hierarchical multiple linear regression 

analyses adjusted for age, sex, household income, community income, and smoking, 

were run to test the associations between the density of food environment variables and 

adults BMI and WC. The first block contained sex, age, smoking status, community 
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income level, household income level, and all the food environment variables using 

stepwise backward removal. To keep explanatory variables (age, sex, smoking status, 

and household income) in the model, these variables were entered in the second block 

using forced entry. The same procedure was performed for WC. Further, the model was 

tested for different assumptions, including no multicollinearity, independence of residual 

(Durbin Watson test), accuracy of model (casewise diagnosis), normality (histogram and 

PP plot), and homoscedasticity.  
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3: RESULTS 

3.1 Descriptive statistics 

The socio-economic characteristics of the study sample are shown in Table 1. The 

majority of the respondents were females and over half of the sample was Europeans. 

In addition, forty-one percent of households had an annual income higher than $90,000. 

A total of 19.2% (n = 268) were classified as obese (BMI ≥ 30 kg/m2). More than half of 

the women were postmenopausal (experiencing no period for twelve consecutive 

months). The result of t-test showed that the means of obese were not significantly 

different between males and females. The history of tobacco use was significantly 

higher in females than males. Mean BMI, WC, and history of alcohol use were 

significantly higher among males than females.  

Descriptive statistics of the eight communities are presented in Table 2. Mean BMI 

and WC were significantly different among the participants of the eight communities. In 

addition, the descriptive results of the food environment variables in eight communities 

are reported in Table 3. As shown on this table, the density of food environment 

variables was significantly different across the communities. 
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Table 1: Characteristics of the participants (1393) 

Variables Female 
(n= 760) 

 Male 
(n= 633) 

P- value 

Age (y)                                                                                                                                  52.3 ± 8.9  53.2 ± 9.1 0.088 
1BMI (kg/m2)                                                                                                                                      26.5 ± 5.9 27.3 ± 4.6 0.005 

Obese, 1BMI ≥ 30 [n (%)] 150 (56%) 118 (44%) 0.053 

Waist circumference (cm) 80.7 ± 12.9 91.9 ± 11.9 <0.001 

Marital Status [n (%)] 
     Never married           
     Currently married 
     Common law 
     Separated 

 
68 (5%) 
484 (35%) 
62 (4%) 
140 (10%) 

 
58 (4%) 
  478 (35%) 
40 (3%) 
  51 (4%) 

<0.001 

Ethnicity [n (%)] 
     South Asian 
     Chinese 
     European 
     Aboriginals 
     Latino 
     Others 

 
38 (3%) 
80 (6%) 
523 (38%) 
15 (1%) 
19 (1%) 
79 (6%) 

 
44 (3%) 
73 (5%) 
433 (31%) 
10 (1%) 
12 (1%) 
54 (4%) 

0.460 

Education [n (%)] 
     Non                                                           
     Primary 
     Secondary 
     Trade school 
     College/university  
     Unknown  

 
1 (<1%) 
11 (1%) 
203 (15%) 
53 (4%) 
485 (35%) 
1 (<1%) 

 
1 (<1%) 
5 (<1%) 
121 (9%) 
89 (6%) 
410 (30%) 
0 (0) 

<0.001 

 Household income [n (%)] 
       <20,000 
       20,000- 30,000 
       30,001- 45,000 
       45,001- 65,000 
       65,001- 90,000 
       >90,000 

 
44 (3%) 
55 (4%) 
106 (8%) 
119 (9%) 
137 (10%) 
980 (21%) 

 
20 (1%) 
33 (2%) 
75 (5%) 
91 (7%) 
117 (9%) 
277 (20%) 

0.020 

1Body mass index 
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Table 1: Continued  

Variables Female 
(n= 760) 

Male 
(n= 633) 

P- value 

Community income [n (%)] 
Low 
High 

 
587 (42%) 
173 (12%) 

 
480 (35%) 
153 (11%) 

0.540 

Diagnose with Diabetes 
[n (%)] 

 
32 (2%) 

 
51 (4%) 

0.002 

Diagnose with Stroke  
[n (%)] 

 
5 (<1%) 

 
8 (1%) 

0.240 

Diagnose with Angina  
[n (%)] 

 
9 (1%) 

 
34 (2%) 

<0.001 

Diagnose with Heart failure 
[n (%)] 

 
2 (<1%) 

 
4 (<1%) 

0.420 

Diagnose with other Heart 
diseases [n (%)] 

 
24 (2%) 

 
17 (1%) 

0.610 

Postmenopausal  
[n (%)] 

 
415 (55%) 

---- ---- 

History of tobacco use [n (%)] 
Formerly used tobacco 
Currently use tobacco 
Never used tobacco 

 
225 (16%) 
50 (4%) 
476 (35%) 

 
222 (16%) 
47 (3%) 
356 (26%) 

0.050 

History of Alcohol use [n (%)] 
Formerly used Alcohol 
Currently use Alcohol 
Never used Alcohol 

 
56 (4%) 
516 (37%) 
182 (13%) 

 
69 (5%) 
472 (34%) 
84 (6%) 

<0.001 

Physical activity [n (%)] 
Low 
Moderate 
High 

 
63 (4%) 
284 (20%) 
413 (30%) 

 
62 (4%) 
221 (16%) 
350 (25%) 

0.470 
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Table 2: Characteristics of the communities (n=8) 

 V0N 

(290) 

V3Y 

(23) 

V5Y 

(135) 

V3N 

(438) 

V5G 

(168) 

V5H 

(58) 

V5C 

(57) 

V5E 

(224) 

P-value 

Male [n (%)] 117 (40%) 10 (43%) 64 (47%) 201 (46%) 79 (47%) 23 (40%) 29 (50%) 110 (50%) 0.52 

Age (Y) 53.0±10 55.0±9 50.0±9 52.0±9 54.0±8 54.0±9 49.0±10 55.0±9 <0.001 

BMI (kg/m2) 26.2±4.3 25.6±4.3 25.3±4.1 27.7±6.3 26.9±5.1 26.6±4.9 26.1±5.1 27.4±5.7 <0.001 

WC 84.9±14.3 83.2±14.3 80.9±12.1 86.8±14.5 86.7±13.3 84.8± 12.8 83.6 ±14.0 88.2±14.3 <0.001 

Obese, BMI ≥ 30 49 (18%) 3 (1%) 15 (6%) 105 (39%) 32 (12%) 8 (3%) 9 (3%) 47 (18%) 0.103 

Household income  

       <20,000 

       20,000-30,000 

       30,001- 45,000 

       45,001- 65,000 

       65,001- 90,000 

       >90,000 

 

7 (2%) 

19 (7%) 

33 (12%) 

41 (14%) 

55 (19%) 

133 (46%) 

 

0 (0%) 

3 (13%) 

6 (26%) 

3 (13%) 

4 (18%) 

7 (30%) 

 

4 (3%) 

10 (8%) 

11 (8%) 

15 (12%) 

19 (14%) 

72 (56%) 

 

20 (5%) 

36 (9%) 

81 (20%) 

72 (17%) 

80 (19%) 

126 (30%) 

 

2 (1%) 

6 (4%) 

10 (6%) 

20 (12%) 

40 (24%) 

89 (53%) 

 

3 (5%) 

4 (7%) 

6 (10%) 

11 (19%) 

13 (23%) 

21 (36%) 

 

4 (7%) 

5 (9%) 

7 (13%) 

9 (17%) 

13 (24%) 

16 (3%) 

 

24 (11%) 

5 (2%) 

27 (12%) 

39 (18%) 

30 (14%) 

93 (43%) 

0.001 

Physical activity 

       Low 

       Moderate 

       High 

 

15 (5%) 

71 (25%) 

204 (70%) 

 

3 (13%) 

5 (22%) 

15 (65%) 

 

9 (7%) 

50 (37%) 

76 (56%) 

 

57 (13%) 

154 (35%) 

227 (52%) 

 

15 (9%) 

80 (48%) 

73 (43%) 

 

5 (9%) 

21 (36%) 

32 (55%) 

 

6 (11%) 

28 (49%) 

23 (40%) 

 

15 (7%) 

96 (43%) 

113 (50%) 

<0.001 

Smoking [n (%)] 

       Formerly used 

       Currently use 

       Never used 

 

113 (39%) 

22 (8%) 

154 (53%) 

 

13 (57%) 

1 (4%) 

9 (39%) 

 

31 (23%) 

6 (5%) 

95 (72%) 

 

126 (30%) 

40 (9%) 

265 (61%) 

 

57 (34%) 

8 (5%) 

100 (61%) 

 

21 (36%) 

2 (4%) 

35 (60%) 

 

14 (25%) 

4 (7%) 

38 (68%) 

 

72 (33%) 

14 (6%) 

136 (61%) 

<0.001 
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Table 3: The density of food environment in eight communities  

 V0N 

(290) 

V3Y 

(23) 

V5Y 

(135) 

V3N 

(438) 

V5G 

(168) 

V5H 

(58) 

V5C 

(57) 

V5E 

(224) 

P-value 

Supermarket and grocery 
stores 

1 5 3 10 1 8 4 5 <0.001 

Convenience stores/general 
stores 

1 13 10 12 12 25 13 11 <0.001 

Meat or fish/seafood 
store/market store 

0 2 0 7 1 4 6 4 <0.001 

Fruit and vegetable 
store/market store 

0 2 0 3 1 0 1 0 <0.001 

Baked goods stores 0 0 2 5 0 0 1 1 <0.001 

Specialty food stores 0 5 7 5 1 2 14 1 <0.001 

Full-service restaurants 5 22 61 42 16 72 45 16 <0.001 

Limited-service restaurants 10 35 60 41 15 61 41 28 <0.001 

Drinking places (alcoholic 
beverages) 

1 1 1 3 0 0 4 3 <0.001 
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3.2 Multivariable analysis 

Table 4 shows the results from the multiple linear regression analysis that 

evaluated the association between two dependent variables (BMI and WC) and 

independent variables. Testing the model for different assumptions indicated that 

the model met the requirements of a good model and the model fits very well. 

The final model indicated that there is a statistically significant positive 

relationship between BMI and convenience stores and baked goods stores after 

adjusting for age, sex, household income and smoking.  In this same model, 

limited- service restaurants were inversely associated with BMI. No association 

was seen between BMI and other food environment variables (supermarkets, 

meat or fish stores, fruit and vegetable stores, specialty food stores, full-service 

restaurants, and drinking places). Model 1 of Table 4 shows that each additional 

convenience store and baked goods store per community was associated with a 

0.103 Kg/m2, and 0.310 Kg/m2 increase in BMI respectively while controlling for 

other independent variables. However, for the addition of one limited- service 

restaurant, the BMI would decrease by 0.043 Kg/m2. Overall, the model showed 

that 3.8% of the variation in BMI was explained by independent variables. 

Table 4 also shows that there is a statistically significant positive 

association between convenience stores and WC adjusted for age, sex, 

household income and smoking. In this same model, there are negative 

associations between WC and specialty food stores and limited-service 

restaurants. Model 2 shows that for the addition of one convenience store, the 

WC increases by 0.245 cm while controlling for other independent variables. 
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Further, with the addition of one specialty food store or limited-service restaurant, 

the WC would decrease by 0.106 or 0.220 cm respectively. The results of 

regression analysis further indicated that 22.1% of variation in WC was 

accounted for by the independent variables. 

Table 4:  Association between the density of food environment variables and BMI & WC  

 Estimate (b) P- value 95% CI 

*Model 1 BMI    

Age 0.004 0.830 -0.029, 0.036 

Sex 0.829 0.004 0.260, 1.398 

Convenience stores/general stores 0.103 0.004 0.032, 0.174 

Baked goods stores 0.310 <0.001 0.150, 0.470 

Limited-service restaurants -0.043 0.001 -0.069, -0.017 

**Model 2 WC    

Age 0.139 <0.001 0.064, 0.215 

Sex 11.240 <0.001 9.920, 12.560 

Convenience stores/general stores 0.245 0.004 0.081, 0.410 

Specialty food stores -0.106 0.022 -0.408, 0.032 

Limited-service restaurants -0.220 0.001 -0.169, 0.043 

*Model 1= BMI, R2=0.038; **Model 2= WC; R2= 0.221; Models were adjusted for 
household income and smoking. 
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4: DISCUSSION 

This study supports the possibility that the local food environment 

influences the BMI and WC of the community residents. The results from this 

study suggest that, the density of convenience stores, baked goods stores, and 

limited-service restaurants has a significant association with BMI. Further, the 

density of convenience stores, specialty food stores, and limited-service 

restaurants is shown to have a significant association with the WC of the 

participants. Conversely, no association was found between the density of 

supermarkets and grocery stores, meat and fish stores, fruit and vegetable 

markets, and full-service restaurants after adjusting for socio-demographic 

factors. To our knowledge, this is the first study to investigate the association 

between food environment variables and two main indicators of obesity. 

 A strong positive association was found between density of convenience 

stores and BMI and WC of the participants. This finding is consistent with those 

of cross- sectional studies of association between the availability of convenience 

stores and obesity. Morland and colleagues (2006) found a positive association 

between the presence of convenience stores and the prevalence of overweight 

and obesity among the participants of the Atherosclerosis Risk in Communities 

(ARIC) Study. In a study examining the availability of food stores for low income 

women participating in the Special Supplemental Nutrition Program for Women, 

Infants, and Children (WIC) in Kansas, the presence of convenience stores was 
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associated with an increase risk of obesity among micropolitan WIC mothers 

(Ford and Dzewaltowski, 2010). 

In our study limited-service restaurants typically consisted of what others 

term ‗fast food‘ were negatively associated with BMI and WC, which was 

inconsistent with findings of the majority of previous studies (Maddock, 2004; 

Spence, et al., 2009; Bowman, Vinyeard, 2004; Pereira, et al., 2005; and Mehta 

and Chang, 2008). As an example, in a study among Edmonton‘s adults in 

Canada, researchers reported that the odds of being obese was significantly 

lower if the resident lived in an area with a lower ratio of fast food restaurants and 

convenience stores to grocery stores and produce vendors. Further, an increase 

in fast food restaurant density was associated with a higher BMI (Spence, et al., 

2009). 

The inconsistency in our results in terms of limited-service restaurants 

could be explained several ways. First, we did not know how often the 

participants in those neighbourhoods visited limited-service restaurants. While 

we can assume that the presence of these food environment variables in 

communities would be associated with use of them, not knowing the frequency 

with which community residents use them is a limitation in our analysis and might 

change the results of the study. For example, Li and colleagues (2009) found that 

residents from high-density fast food outlet neighbourhoods who visited fast food 

restaurants one to two times weekly or more, were twice as likely to be obese 

than those who lived in low-density fast food outlet neighbourhoods. Considering 

the frequency of visits to fast food restaurants may indicate the true association 
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between density of fast food restaurants and obesity since some people may 

never visit their neighbourhood fast food restaurants. Second, although we 

usually assume that eating at the fast food restaurants is an unhealthy eating 

behaviour, in reality what people order and how much they eat at the restaurants 

are the important factors in terms of obesity. Third, the fact that we found a 

significant negative association between limited-serving restaurants and BMI and 

WC could be explained by the way we defined the limited-service restaurants in 

our study. In general, we defined the limited-service restaurants as places that 

people usually order or select items at a counter, food bar or cafeteria line. This 

may be a broader definition than just ‗fast-food‘ establishments and some of 

these establishments in our definition may offer a variety of healthy food items, 

such as grilled chicken sandwiches, salads and soups. This is even truer in a 

multicultural city like the place of our study, as people in Vancouver have more 

access to take out places that offer healthy and comfortable food options, such 

as sushi. This unexpected result also may suggest that limited-service 

restaurants may not in themselves make a key independent contribution to 

obesity. What people actually eat and how much they eat are the important 

factors causing obesity and other health consequences. Researchers who 

examine the association between limited-service restaurants and obesity need to 

collect more specific data related to the restaurants, including the kind of food 

that people order and the portion size by using an appropriate questionnaire. 

We found that the density of specialty food stores was negatively 

associated with the WC of participants. This finding is consistent with that 
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reported by Spence and colleagues (2009) in which an increase in specialty 

stores density was associated with a lower risk of obesity among adults. 

Specialty food stores typically offer international food items. Therefore, having 

more access to culturally important food items might provide more opportunity for 

people to cook healthy and traditional food rather than consuming frozen or pre- 

prepared meals that may contain higher fat and salt. 

Results from our study suggest a significant positive association between 

the density of baked goods stores and adult BMI. Although we did not find any 

other study that examined the association between the presence of baked goods 

stores and obesity, Murakami and colleagues (2009) conducted a related study. 

They reported a positive association between neighbourhood store availability of 

confectioneries and breads and intake of these items. We can compare the 

results to this study since the definition of confectioneries and breads is similar to 

the definition of bakeries in our study. We should not assume that the higher 

density of these stores caused higher consumption of those items and 

consequently higher BMI since this study is a cross-sectional study and evidence 

regarding this subject is very scant. 

Using both BMI and WC as indicators of obesity, we found consistency 

between these two measures in their associations with the density of 

convenience stores and limited-service restaurants. We also found that only 

3.8% of the variation in BMI can explained by the density of food environment 

variables which may suggest that the density of these variables is not an 

important factor in making our residents overweight or due to the limitations of 
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BMI in not being exclusively reflective of body fat. However, using WC as an 

indicator of obesity, we found that 22.1% of the variation in WC can be explained 

by the density of food environment variables which is a considerably higher 

number than that for BMI. As was mentioned in this paper, BMI is not the best 

measure of obesity and WC is a better indicator for abdominal obesity, which is a 

crucial factor in chronic diseases. Using two indicators of obesity, the results of 

this study may also add to the evidence of the limitation of BMI in measuring true 

obesity when compared to WC. 

4.1 Strengths  

The strength of this study includes the direct measurements of weight, 

height, and WC instead of self-reported measures. The majority of previous 

studies on the built environment and obesity used self-reported measures that 

could have resulted in substantial underestimation of BMI and the prevalence of 

obesity. Using direct measures of weight and height would provide more 

accurate results regarding the effect of the food store density on obesity. 

Furthermore, using different tools (GPS visualizer, and Garmin Map Source 

software), we were able to verify whether the reported locations were within the 

specific three-digit postal code area thereby adding greater confidence to the 

findings. Previous studies examining the association between food environment 

and obesity, explored supermarkets or/and fast food restaurants, but this study 

measured the density of a variety of different food stores. Finally, this study 

measured both BMI and WC as indicators of obesity. Previous studies mainly 

relied on BMI which is a poor indicator of excess body fat and obesity. Using both 
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measures would provide a more accurate measure of body fat than using just 

BMI. It would also give us some sense of how these two indicators measure the 

association differently. 

4.2 Limitations 

The limitations of this study relate mainly to its observational nature.  The 

cross-sectional design of the study limits the meaningfulness of the inference. 

Another common limitation to this study and other built environment research is 

the fact that we do not know if the residents chose to live there because of the 

community environment. For example, a person who likes eating in restaurants 

may chose to live in a neighbourhood with a high number of restaurants. The 

other important limitation to our study is related to socio-economic indicators. 

Even though we have adjusted for socio-economic factors in our study, we may 

always have some residual confounding. For instance, there may still some 

unaccounted association between the density of food environment and BMI and 

WC that was not accounted for by our variables. Moreover, we have not 

considered information regarding the density of food stores surrounding 

participants‘ places of work. For those participants who work, most of the 

shopping and eating may happen around the work places. In addition, we did not 

have access to dietary, and employment information of the participants, thereby 

we could not control for those variables. We did not also know whether the 

participants actually shop or eat out within their communities. Furthermore, our 

findings are restricted to what has been collected by research assistants. For 

example, the food environment data inside the malls were not collected. 
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Therefore, the true magnitude of the variables, especially the limited-service 

restaurants, might be underestimated. At last, we need to acknowledge that the 

use of simple linear regression models in the estimation of our parameters might 

be biased due to the autocorrelation between individuals living in the same area. 
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5: CONCLUSION 

Our results suggest that the density of convenience stores, baked goods 

stores, specialty food stores, and limited-service restaurants were significantly 

associated with BMI and WC. Using two different indicators of obesity provided 

interesting results emphasizing the advantage of using WC as indicator of true 

obesity. Despite these suggestive findings, future studies involving a larger 

sample covering a wider geographic area are needed. Future works need to take 

into account other confounding factors, including employment status, dietary 

behaviour, and the characteristic of food environment around work places. In 

addition, a more rigorous approach in future studies in this line of research would 

be to design longitudinal studies. For example, a longitudinal analysis of change 

in food environment density and change in anthropometric measure can be a 

better design to look at the association between food environment availability and 

obesity. Additional research studies are needed to assess the association 

between food environment variables and obesity using other indicators of obesity 

rather than just BMI for more accurate results. Overall, the findings from this 

study add to the growing body of literature about built environment and obesity, 

suggesting the need to emphasize the true role of density of food environment 

influences on indicators of obesity. 
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APPENDICES 

Appendix A  

Figure 1: Target communities for Vancouver sites and outlying areas 
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Appendix B  

Table5: Definition of food environment assessed in each community 

Supermarket and 
grocery stores 

This industry comprises establishments primarily engaged in 
retailing a general line of food, such as canned, dry and frozen 
foods; fresh fruits and vegetables; fresh and prepared meats, fish, 
poultry, dairy products, baked products and snack foods. These 
establishments also typically retail a range of non-food household 
products, such as household paper products, toiletries and non-
prescription drugs. 

Convenience 
stores 

This industry comprises establishments primarily engaged in 
retailing a limited line of convenience items that generally includes 
milk, bread, soft drinks, snacks, tobacco products, newspapers 
and magazines. These establishments may retail a limited line of 
canned goods, dairy products, household paper and cleaning 
products, as well as alcoholic beverages, and provide related 
services, such as lottery ticket sales and video rental. 

Meat or fish stores This industry comprises establishments primarily engaged in 
retailing fresh, frozen, or cured meats, poultry, and fish and/or 
seafood. Delicatessens primarily engaged in retailing fresh meat 
are included. These establishments may also offer a limited line of 
grocery or specialty food items. 

Fruit and vegetable 
store 

This industry comprises establishments primarily engaged in 
retailing fresh fruits and vegetables. 

Baked goods 
stores 

This industry comprises establishments primarily engaged in 
retailing baked goods not baked on the premises, and not for 
immediate consumption. 

Specialty food 
stores 

Including establishments primarily engaged in retailing, specialty 
food items (e.g. spices, dried goods, and /or imported, ethnic, 
gourmet or health food items) as long as they do not fall under any 
of the above categories. 

Full-service 
restaurants 

This industry comprises establishments primarily engaged in 
providing food services to patrons who order and are served while 
seated and pay after eating. These establishments may sell 
alcoholic beverages, provide take-out services, operate a bar or 
present live entertainment, in addition to serving food.  

Limited-service 
restaurants 

This industry comprises establishments primarily engaged in 
providing foodservices to patrons who order or select items at a 
counter, food bar or cafeteria line (or order by telephone) and pay 
before eating. Food and drink are picked up for consumption on 
the premises or for take-out, or delivered to the customer's 
location. These establishments may offer a variety of food items or 
they may offer specialty snacks or non-alcoholic beverages. 

Drinking places 
(alcoholic 
beverages) 

This industry comprises establishments, known as bars, taverns or 
drinking places, primarily engaged in preparing and serving 
alcoholic beverages for immediate consumption. These 
establishments may also provide limited food services. 
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