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Abstract

Objective—To undertake a 6-year longitudinal investigation of the relationship between the built
environment (perceived and objectively measured) and change in body mass index (BMI).
Specifically, this research examined whether change in BMI was predicted by objectively
measured neighborhood walkability and socioeconomic status (SES), and perceived neighborhood
characteristics (for example, crime, traffic and interesting things to look at) in addition to other
factors such as age, gender, education, physical activity, fruit and vegetable consumption and
smoking.

Design—Longitudinal study

Subjects—500 adults who provided complete data in 2002 and 2008 and who did not move over
the course of the study (47.8% female; age in 2002: 18-90 years).

Measurements—Telephone surveys in 2002 and 2008 measuring perceptions of their
neighborhood environment and demographic factors. Objective measures of neighborhood
characteristics were calculated using census data and geographical information systems in 2006.

Results—Age, neighborhood SES and perceived traffic were significantly related to increased
BMI over the 6 years. Younger participants and those in lower SES neighborhoods were more
likely to have increased BMI. Agreement with the statement that traffic made it difficult to walk
also predicted increased BMI.

Conclusion—This study adds to the literature to show that BMI increased in low SES
neighborhoods. Although more research is needed to fully understand how neighborhood SES
contributes to obesity, it is without question that individuals in socially disadvantaged
neighborhoods face more barriers to health than their wealthier counterparts. This study also calls
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into question the relationship between walkability and changes in BMI and emphasizes the
necessity of longitudinal data rather than relying on cross-sectional research.
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Obesity is a contributing factor to multiple chronic diseases including cardiovascular
disease, hypertension, osteoarthritis and diabetes. Similarly, change in body mass index
(BMI) over time is related to increased risk of disease. For example, gaining more than two
BMI points over 8 years increased risk of having a major cardiovascular event in men
younger than 60 years? and BMI gains over 14 years increased cardiovascular disease risk
factors.3 Men who were overweight with high risk of cardiovascular disease (CVD) at
midlife who lost weight when older were at the highest risk of mortality.* Given such
evidence, prospective studies into the etiology of increased BMI are warranted.

One factor hypothesized to influence obesity is the walkability of a neighborhood; that is,
how pleasant and easy it is to walk in a neighborhood. Such environmental measures can be
objectively measured or can be assessed by asking neighborhood residents their perceptions
of their neighborhoods and both have been shown to be related to health outcomes. Features
of perceived walkability include residential density, proximity and perceived access to stores
and facilities, street connectivity, facilities for walking and cycling, aesthetics and safety
from traffic and crime.> Similarly, features within the built environment can be used to
quantify objective walkability into indices that are found to be associated with walking®’
and with obesity.8-11 The most popular index of objective walkability consists of an
assessment of density, diversity, design and area in retail use.®

As objective walkability of a neighborhood is associated with physical activity,11:12 it is
reasonable to expect that walkability may be associated with obesity risk and associated
diseases. Indeed, there is cross-sectional evidence that children and adults who live in higher
density, mixed-use neighborhoods (that is, include both residential and commercial
properties) have lower rates of obesity than do people who live in lower density, residential
only neighborhoods.1113 Frank et a/1* reported that an improvement in the objective
walkability of a neighborhood of only 5% was associated with 32% more time spent in
active transportation and a 0.23 point reduction in BMI. However, others have found no
relationship between the objectively measured built environment and obesity for those
participants who had lived in the same house for more than 2 years.® In one of the few
longitudinal studies published to date, only women and not men living in areas of a city with
high street connectivity (one indicator of walkability) were less likely to be overweight or
obese.16 Another study showed that although cross-sectional data supported relationships
between less urban sprawl and increased walking and lower rates of obesity, longitudinal
data did not support a relationship between moving to less sprawling communities and lower
BMI. According to the argument of Lee er a/17 this suggests that cross-sectional data
supporting relationships between walkable neighbourhoods and activity rates or obesity
reflect self-selection to neighbourhoods rather than features within neighbourhoods
influencing physical activity. Perceptions of the neighborhood environment including poor
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sidewalks, crime and physical disorder are also associated with higher levels of obesity.18-21
According to Burdette and Hill,X® much of this association may be explained by
psychological distress.

The relationship between socioeconomic status (SES) and obesity should also be considered
as SES is predictive of increased BMI.22 Living in areas that are at a socioeconomic
disadvantage was associated with less overall physical activity.23 There is also a relationship
between neighborhood SES and perceptions of walkability. Giles-Corti and Donovan24
found that individuals living in low SES neighborhoods were more likely to perceive they
had access to sidewalks, but that their neighborhood was busier with traffic, less attractive
and less supportive of walking. In other research, low-SES residents reported their
neighborhoods were less pleasant, had greater numbers of unattended dogs, higher crime
rates and less trustworthy neighbours than did individuals in high-SES neighborhoods.?®
Lopez and Hynes26 have referred to low rates of physical activity and high rates of obesity
in low-income urban areas despite mixed-use environments and high street connectivity (that
is, areas that are objectively walkable) as the inner-city paradox. They argue that this
conflicting relationship is likely because of a mix of land-use, social and infrastructure
issues. For example poverty (social), abandoned buildings (land-use) and lack of adequate
street lighting (infrastructure) combine to make walking a challenge for residents. Within
this relationship, it is also important to consider demographic factors related to BMI, as
cross-sectional research has shown both men and women with less than high school
education, married men and sedentary individuals have higher BMI. Harrington et a/27 also
reported lower BMI in smokers. These authors report that although such individual level
differences account for the majority of the variance, neighborhood SES also predicted BMI
and thus both individual and neighborhood variables should be taken into account. Others
have also reported that BMI increased with age, and was associated with less education.28

Although there are research-linking features of the built environment, both objective and
perceived, such as neighborhood walkability and SES and obesity, the body of literature is
limited by primarily cross-sectional research designs and studies are needed to examine
these relationships longitudinally. Therefore, the objective of this research was to undertake
a 6-year longitudinal investigation of the relationship between the built environment
(perceived and objectively measured) and obesity (as measured by BMI). Specifically, this
research examined if objectively measured neighborhood walkability and SES, and
perceived neighborhood characteristics (e.g., crime, traffic and interesting things to look at)
in addition to other factors such as age, gender, education, physical activity, fruit and
vegetable consumption and smoking predicted change in BMI.

Materials and methods

Data used in this study were collected through population surveys in 2002 and 2008 in the
Edmonton region of Alberta. The 2002 data were part of a population health survey
conducted by the Population Health and Research Department, Public Health, in the former
Capital Health region, Edmonton. The purpose of the survey was to assess and monitor
selected population health issues, health determinants, risk factors and priorities in the
Capital Health region (which includes the City of Edmonton and outlying regions). The
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survey target population was individuals aged 18 years or older and living in the former
Capital Health region.

There were 4175 participants in the 2002 sample. This sample was restricted to those living
within the City of Edmonton limits (7=3174), as the geographical data layers that were used
to calculate a walkability index are available for within city limits only. Of these
participants, 2362 agreed to be contacted for future studies. In 2008, 822 participants
completed the follow-up survey, of whom 599 had not moved since 2002. Complete data
were available for 500 participants after list-wise deletion of missing data, thus our final
analysis was conducted with these data. Data from the original sample were gathered
between 28 October, 2002 and 15 December, 2002. The follow-up survey took place
between 10 November, 2008 and 15 January, 2009.

The survey instrument was designed by members of the Population Health and Research
branch, with assistance from researchers from the University of Alberta. For comparability
to other Canadian and provincial studies, most survey questions were consistent with the
International Physical Activity Questionnaire (IPAQ),2° Canadian Tobacco Use Monitoring
Survey30 and Canadian Community Health Survey.3!

Sociodemographic variables—Sociodemographics questions were based on the
Canadian Community Health Survey3! and included age, gender, ethnicity, education,
employment, marital status and household annual income. In the 2008 survey, participants
were also asked if they had moved since 2002.

Fruit and vegetable consumption—Three questions were based on the fruits and
vegetables module of the Canadian Community Health Survey3! and asked how many times
per week participants usually drank fruit juices, ate fruit and ate vegetables. A total weekly
intake score was calculated and two groups were created: ate fewer than five servings of
fruits and vegetables per day or ate five or more servings per day.

Smoking status—Based upon the Canadian Tobacco Use Monitoring Survey3°
participants were asked if * At the present time do you smoke cigarettes every day/almost
everyaday, occasionally, or not at all? Those who responded ‘every day’ or ‘occasionally’
were classified as smokers, whereas those who responded ‘not at all” were classified as non-
smokers.

BMI—Self-reported height and weight were used to estimate BMI at both time points. In
keeping with other researchers? we created the following BMI change groups: greater than
0.5 BMI point decrease (mean BMI change —1.4 (s.d.=1.2) points in men), stable (within

+ 0.5 points; mean BMI change 0.03 (s.d.=0.25) in men), between 0.5 and 2.0 point increase
(mean BMI change 1.10 (s.d.=0.4) in men) and greater than 2.0 increase (mean BMI change
3.9 (s.d.=2.8) in men). Such changes in BMI have shown to be meaningful in the etiology of
diseases2-32 and therefore it is of interest to examine how built environment variables might
contribute to similar BMI changes.
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Physical activity—Using the short-form of the IPAQ,2° participants were asked to recall
how many minutes of walking, moderate and vigorous activity, sitting and sleeping they did
over the last 7 days. Total metabolic equivalent (MET) minutes were calculated according to
criteria set forth by the IPAQ research committee33 and used to categorize participants as
low, moderately or highly active. The IPAQ has been shown to have adequate reliability and
validity.34

Perceived environment—Ten questions from the IPAQ-built environment module3®
assessed individual perceptions of participants’ neighborhood including main type of
housing, shops within easy walking distance, transit stops within a 15 min walk, sidewalks
on most streets, cycling trails, recreation facilities such as parks, crime making it unsafe to
walk at night, traffic that makes it difficult to walk, others in neighborhood being active and
interesting things to look at while walking. All questions were rated on a 5-point scale
anchored by 1 (strongly disagree) and 5 (strongly agree) with the exception of the main type
of housing question. Options for that question include (1) detached single-family residences;
(2) townhouses, row houses, apartments or condominiums of 2—3 stories; (3) mix of single-
family residences and townhouses, row houses, apartments or condos; (4) apartments or
condos of 4-12 stories; and (5) apartments or condos of more than 12 stories.

Neighborhood SES—Data from the 2006 Canadian census®6 were used to create the
neighborhood SES variable. Participants did not give their addresses, but their postal codes
were recorded. These postal codes were geocoded (assigned spatial reference) in ArcGIS
9.237 using the Postal Code Conversion Files produced by Statistics Canada in 200338 and
2008.39 The procedure described by Demissie et a/40 was employed to calculate the
socioeconomic indices for dissemination areas, as well as the socioeconomic indices for
neighborhoods. Dissemination areas are geographic units consisting of one or more adjacent
blocks encompassing a population of 400-700 persons.?! The neighborhoods of Edmonton
are administrative geographic units designated by the City of Edmonton.

A dissemination area SES index was created for each dissemination area extracted from the
2006 census, where the centroids of respondents’ postal codes were located in 2006. The
SES index for each dissemination area was calculated using 2006 census data by taking the
sum of the zscores of net educational level (the proportion of people with low education
subtracted from the proportion of people with and high education aged 15 years and over)
and median income of all census families, and then subtracting the proportion of
unemployed (unemployed people aged 15 years and over, as a percentage of people aged 15
years and over who were in the labour force). Dissemination areas where respondents
resided in 2006 were separately extracted and then classified into high, medium or low SES
based upon a tertile split.

Neighborhood walkability—Data from the 2006 census, 3 as well as from a taxation
database summarized at the neighborhood level by the City of Edmonton constituted the
basis for the creation of the neighborhood walkability variables. Neighborhoods were
spatially represented in ArcGIS 9.237 using the neighborhood boundary files developed by
City of Edmonton. A neighborhood walkability index for 2001 was available for 219
neighborhoods out of 340 and a neighbourhood walkability index for 2006 was available for
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237 neighborhoods out of 340. Neighborhood walkability indices were calculated using the
‘three-dimensional’ method,#2 involving an assessment of diversity, density and design. The
walkability index was calculated based on the Frank er a/8 formula. Density represents the
density of dwellings per area in residential use. Diversity represents the degree of land-use
mix using the floor areas in the following five uses: residential, retail, office, education/
institutional (including religious establishments) and entertainment (see®7:14 for a detailed
description of the diversity index). Design represents the density of true intersections in each
neighborhood.38 We did not include the zscore for the retail floor area ratio as Frank et a/
did, because we could only access data pertaining to the total building area in retail use
summarized at the neighborhood level, without parcel-level information Therefore, the
following formula was used to determine the three-dimensional walkability index:
ZwFZprtZpst2*Zps Where zy represents the zscores for walkability, zp; represents the
scores for density, zpy represents the z-scores for diversity and zpz represents the z-scores
for design. The z-scores for walkability were then classified using quantiles (five classes
equal interval) into very high, high, medium, low and very low walkability neighborhood
groups.

Data analysis

To determine sample representativeness, demographic data from the 2002 survey were
compared between those who agreed to be followed up and those who did not. Of those
participants who agreed in 2002, comparisons were made between those who did or did not
complete the 2008 survey. Of the 822 participants who completed the 2008 survey, those
participants who moved were compared with those who did not because the final analysis
only included those participants who provided complete data at both time points and who
did not move between 2002 and 2008 (/77=500). This sample, compared with Albertans in
general, is more highly educated (about 50% of Albertans have a high school degree or less),
more likely to be married (about 47% of Albertans are married or in a common-law
partnership) and older (approximately 10.4% of Albertans are over the age of 65).43-46
Participants in our sample also tended to earn more than Albertans in general (mean income
of Albertans is $48 017 per year). However, because of missing data, income was not
included in the final analysis.

Before conducting the main analysis, crosstabs were used to test whether any cells were
empty or very small. Three of the perceived environment variables were problematic. The
‘type of housing’ question showed very few participants indicated they lived in areas
primarily comprised of apartment buildings of any height. Themajority of participants either
agreed or strongly agreed with the questions that asked about ‘transit stops within 15 min
walking distance’ (/7=530) and ‘sidewalks’ (/=535). Therefore, these three questions were
not included in the analysis. Of the remaining perceived environment variables, we further
tested whether they related to BMI change category through a series of analysis of variances.
The only variable significantly related to BMI-change was traffic (F (3, 555)=2.65, P=0.05)
and therefore was the only one included in the final regression model. Household income
was not included in the model because 17.4% of respondents did not provide this
information. Ethnicity was not included either because an open-ended question generated 35
different responses (for example, Canadian, Aboriginal, English and Lebanese) with 30.7%
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of the sample self-identifying as Canadian. However, this response could include Canadians
of multiple racial backgrounds and thus was not an informative variable. We assessed the
regression model for fit and excluded variables with poor fit before running the final model.

The main analysis consisted of an ordinal regression. The model included BMI change
groups regressed onto sociodemographic variables (age group (18-34 years, 35-49 years,
50-64 years and >65 years), gender, job status (employed or other), marital status (married/
common-law or other) and education level (less than or completed high school and greater
than a high school education)), smoking status (smoker or non-smoker), activity level (low,
moderate or high), and fruit and vegetable intake (greater than or equal to 5 servings per day
or less than 5 servings per day), the two objective neighborhood variables of walkability
(quintiles) and SES rank (tertiles), and the lone perceived environment variable. Apart from
BMI change and the two objective neighborhood measures, all variables were from 2002.

Table 1 shows that of the participants who completed the follow-up survey, the sample used
in the analyses (that is, participants who completed both surveys and did not move between
2002 and 2008) was, on average, wealthier and more likely to be married than those
participants who did move. Respondents were also less likely to have completed high
school. Because we used a prospective model and included variables from 2002, it is
possible that predictors changed over time. We therefore examined change in these variables
and found that marital status did not change for 94% of the participants, job status did not
change for 82.8% and education status remained stable for 91.2%. Smoking status did not
change for 93% of participants. It is also worth noting that only 5% quit completely as BMI
is greater in former smokers than non-smokers.28 In terms of fruits and vegetable
consumption, 71% stayed in the same category and 55.4% changed their activity status.

Body mass index increased at an average of 0.40 (s.d.=2.85) points across the entire sample.
BMI decreased more than 0.5 points for 157 participants, which translated to an average
BMI decrease of 2.21 (s.d.=2.54) for men and 2.41 (s.d.=1.74) for women. The BMI of 104
participants remained stable (mean increase of 0.006 (s.d.=0.19) for men and mean decrease
of 0.002 (s.d.=0.24) for women). The BMI of 146 participants increased between 0.5 and 2
points (mean increase of 1.17 (s.d.=0.43) for men and 1.24 (s.d.=0.45) for women, and 93
participants experienced a BMI increase of more than 2 points (mean increase of 3.88
(s.d.=2.17) for men and 4.41 (s.d.=3.21) for women). These changes in BMI are in keeping
with those reported by other researchers.2 The full ordinal regression model was significant,
Xz (18)=46.32, £<0.001 and neither tests of goodness of fit were significant (Pearson’s Xz
test (1437)=1449.70, P=0.40, Deviance XZ test (1437)=1283.05, P=0.999), allowing us to
conclude the model was significantly different from the null model. The amount of variance
accounted for was approximately 9.5% (Nagelkerke=0.095). Further, the test of parallel lines
was not violated, XZ (36)=41.89, P=0.231, indicating the slope coefficients were equivalent
across all levels of the dependent variable. As shown in Table 2, age, neighborhood SES, and
traffic were significant predictors of BMI change. Neighborhood SES and change in BMI
were inversely related; participants in the lowest SES neighborhoods were more likely to
experience increases in BMI than participants in the highest SES neighborhoods. Age and
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change in BMI were also related; younger participants were more likely to have increases in
BMI than participants in the oldest age category. Table 3 further explains these findings by
illustrating that traffic and change in BMI were positively related such that with each step in
agreement with the statement that “traffic makes it difficult to walk’ the likelihood of
increased BMI was greater. As also shown in Table 3, more participants in the highest SES
neighborhoods compared with the lowest SES neighborhoods decreased BMI by greater
than 0.5 points, whereas there were more participants in the lowest SES neighbourhoods
who had increases in BMI compared with participants in the highest SES neighborhoods.
Similarly, more participants in the younger age groups had increased BMI than participants
in the over 65-years age group.

Discussion

We explored the relationship between objectively measured and perceived neighborhood
characteristics, and demographic factors, on change in BMI over 6 years among adults living
in Edmonton, Canada. Age and neighborhood SES significantly predicted change in BMI.
Younger adults and those in lower SES neighborhoods were at greater risk of increased
BMI. In addition, the more participants felt that traffic made it unpleasant to walk, the more
likely they were to have increased BMI. The lack of relationship between neighborhood
walkability and BMI are contrary to the reported cross-sectional relationships.11:13 This may
indicate that there is a self-selection to neighborhoods. That is, those people who choose to
live in walkable neighborhoods tend to do so because it reflects their values and therefore
crosssectional data shows a relationship. However, it may be there is no change in BMI
across time because those who happen to live in a highly walkable neighborhood but are not
inclined to walk, will not be influenced by neighborhood features. This reflects recent
qualitative research in which developers reported believing that walkable neighborhoods
attract walkers rather than the other way round.*’ Other longitudinal data showed no
changes in BMI in adults who moved to less sprawling communities.2! Our findings are also
similar to other longitudinal data that showed no relationship between walkability and BMI
in adults over the age of 65 years, but did find a relationship between walking behavior and
neighborhood walkability.1® Further research is needed to determine the relationship
between neighborhood walkability and BMI.

Our findings support research showing that while neighborhood income was not related to
physical activity, residents of lower income neighborhoods had higher BMI and lower
neighborhood satisfaction. In other work, the relationship between built environmental
features and BMI has been shown to exist in high-income communities, but the relationship
did not hold in disadvantaged communities.4? These authors speculate that this might be
because of overriding safety or aesthetic concerns, which reflects our findings already
reported. Even though we found no change in BMI by neighborhood walkability, our results
do not allow us to conclude that walkable neighborhoods do not have effects on health
outcomes as fitness predicts mortality, which is independent of obesity.50 There are likely
multiple contributing factors to the relationship between neighborhood SES and change in
BMI. A recent study in Edmonton reported greater odds of adults being obese if there was a
higher ratio of fast-food restaurants and convenience stores to grocery stores and produce
vendors.#3 Fruit and vegetable intake was not a significant factor in our model, but it is
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possible the increased obesity in lower SES neighborhoods was related to food accessibility.
Our results reflect the idea of the ‘inner-city paradox’ proposed by Lopez and Hynes;26
participants in our study who lived in lower-income neighborhoods had greater rates of
obesity and also reported generally less-pleasant neighborhoods. Thus, future studies should
include objective measures of fitness and exercise behavior when longitudinally measuring
the effects of the built environment on health outcomes. Our results also confirm cross-
sectional research that showed less likelihood of obesity in adults over the age of 75 years
with the highest rates of obesity among Canadians among 50-64-year olds. Although Lee et
al1 found the lowest rates of obesity in Canadians aged 12-34 years, our longitudinal data
show what the biggest gains in obesity were in adults aged 18-34 years with gains in BMI
also seen in 35—-49-year olds, when compared with participants over the age of 65 years.
These results are alarming because increases in BMI in middle-aged adults are predictive of
heart disease and heart disease risk factors.2:3 Further, as seen in Table 3, older adults had
decreases in BMI, which is also predictive of increased CVD risk.2

The longitudinal nature of this study is a definite strength, as is the inclusion of both
objective and perceived measures of neighborhoods. However, there are some limitations
that should be noted. First, BMI was measured by self-report. Given that people tend to
under report their weight in comparison to objective measurements,>2 self-reported BMI
usually provides an under representation of overweight and obesity at a population level.
However, we have no reason to believe that this bias differentially affected our findings.
Another limitation is the measure of physical activity used. Participants were asked to report
their activity for 1 week, 6 years apart. Thus, the IPAQ may not have been sensitive enough
to capture the influence of physical activity on the modelled relationships and there may be a
relationship between neighborhood walkability and activity behavior. A final limitation that
should be acknowledged is the change in predictors between 2002 and 2008 for some
participants. Although the majority of participants did not change their marital, education,
smoking or job status, it is possible that a change in one of these variables could influence
BMI. However, because of the small number of participants who did change, and we do not
know when they changed, the prospective model is still the strongest. If participants quit
smoking in 2008 for example, it is not likely that this would have had an influence on BMI
in 2008. A larger number of participants did change their activity level, but again because of
the limitations of the IPAQ, it is doubtful this measure was sensitive enough to capture true
level of activity. An additional limitation is that objective neighborhood SES and walkability
indices were calculated from 2006 census data and thus may have changed over time. Future
longitudinal research should attempt to measure when significant life changes occur to
determine their influences on health outcomes. Also the stability of objectively measured
neighborhood walkability and SES should also be considered.

The results of this study support the findings of a systematic review that revealed
neighborhood SES was related to obesity.>3 However, the majority of the evidence is cross-
sectional. This study therefore adds to the literature to show long-term changes in BMI
between various neighborhoods SES and age groups. Thus, there are contributing factors
within lower-SES neighborhoods that result in increased likelihood of obesity. Our study
also highlights the very complex nature of the relationship. Although more research is
needed to fully understand how neighborhood SES contributes to obesity, it is without
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estion that individuals in socially disadvantaged neighborhoods face more barriers to
alth than their wealthier counterparts. This study also calls into question the relationship
tween walkability and changes in BMI and adds to a growing body of longitudinal studies

that report no relationship between walkable neighborhoods and changes in obesity.
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