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RESEARCH DESIGN AND METHODSdWe conducted a population-based, retrospective cohort study to assess the impact of neighborhood walkability on diabetes incidence among
recent immigrants (n = 214,882) relative to long-term residents (n = 1,024,380). Adults aged 30–
64 years who were free of diabetes and living in Toronto, Canada, on 31 March 2005 were
identiﬁed from administrative health databases and followed until 31 March 2010 for the development of diabetes, using a validated algorithm. Neighborhood characteristics, including
walkability and income, were derived from the Canadian Census and other sources.
RESULTSdNeighborhood walkability was a strong predictor of diabetes incidence independent of age and area income, particularly among recent immigrants (lowest [quintile 1 {Q1}] vs.
highest [quintile 5 {Q5}] walkability quintile: relative risk [RR] 1.58 [95% CI 1.42–1.75] for
men; 1.67 [1.48–1.88] for women) compared with long-term residents (Q1 to Q5) 1.32 [1.26–
1.38] for men; 1.24 [1.18–1.31] for women). Coexisting poverty accentuated these effects;
diabetes incidence varied threefold between recent immigrants living in low-income/low
walkability areas (16.2 per 1,000) and those living in high-income/high walkability areas (5.1
per 1,000).
CONCLUSIONSdNeighborhood walkability was inversely associated with the development
of diabetes in our setting, particularly among recent immigrants living in low-income areas.
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R

ecent decades have seen an unprecedented rise in the global burden of
diabetes. According to the World
Health Organization, nearly 350 million
people worldwide have diabetes, and
these ﬁgures will continue to climb, fueled by the ongoing epidemic of obesity
and aging of the world’s population (1–
3). The largest increases in diabetes

prevalence are projected to occur in
low- and middle-income countries, with
the greatest relative rises expected in the
Middle East, sub-Saharan Africa, and India (2,4). In many developing countries,
globalization as a phenomenon has led
not only to economic growth and development but to an increasingly “Western”
way of life characterized by sedentarism
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OBJECTIVEdThis study was designed to examine whether residents living in neighborhoods
that are less conducive to walking or other physical activities are more likely to develop diabetes
and, if so, whether recent immigrants are particularly susceptible to such effects.

and the overconsumption of high-energy
foods that are low in nutrients (5,6). Local
residents in many of these regions carry a
high genetic predisposition toward developing diabetes, which renders them particularly vulnerable to elements of the
environment that contribute to obesity
(4–7).
In developing countries, the rise in
diabetes seems to be intricately linked to
shifts in urbanization (5,6). In these settings, urbanization has proceeded at a
particularly rapid pace, incited by economic development, population growth,
and rural-to-urban migration (6,8). The
move from a rural, agrarian existence to
urban living is associated with increased
exposure to unhealthy foods, fewer opportunities for physical activity, and a
heightened risk of becoming obese and
developing diabetes (3,6).
For the ﬁrst time in human history,
one-half of the world’s population is living in urban areas, and most of the future
population growth is expected to occur in
such settings (8). Thus, the way we structure and build our cities will play an increasingly greater role in shaping the
health of the world’s population. Evidence from industrialized countries suggest that physical activity levels are lower
in newly developed areasdcharacterized
by urban sprawldthan older, more traditionally designed neighborhoods, in part
because of the reliance suburban design
places on mass automobile transit (9–12).
The growing literature suggests that residents living in areas that are more walkable
are less likely to be obese (11–15). Recent
immigrants may be particularly susceptible
to such effects. Migration studies have
demonstrated that Asian and African populations who move to more Westernized
countries experience an accelerated risk of
obesity-related conditions, including diabetes within the ﬁrst 10 years of arrival, a
period marked by changes in lifestyle
caused by acculturation (16). It is unknown whether the characteristics of communities in which immigrants settle further
inﬂuences this risk.
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RESEARCH DESIGN AND
METHODS
Study design
We conducted a retrospective cohort
study using a combination of administrative health claims and small area–level
data from Toronto, Ontario, Canada. In
the province of Ontario, as in the rest of
Canada, comprehensive coverage for hospital, physician, and laboratory services is
provided to all permanent residents with
no deductibles or copayments. Health records for each individual in our cohort
were linked anonymously across datasets
using an encrypted version of their health
card number. Neighborhood-level attributes were then assigned to individuals
using their postal code of residence.
This protocol received ethical approval
from the institutional review boards at
St. Michael’s Hospital and Sunnybrook
Health Sciences Centre in Toronto.
Study population
The study population was identiﬁed using the Registered Persons Database, a
provincial health care registry that contains demographic, residential, and vital
statistics for virtually all Ontario residents. Men and women living in Toronto
on 1 April 2005 who were free of diabetes
and eligible for health care coverage for a
minimum of 3 years at baseline were
eligible for inclusion in our cohort. The
population was restricted to adults aged
30 to 64 years because this group is
experiencing the most rapid rise in diabetes incidence (20), likely because of
trends in obesity. Individuals living in a
care.diabetesjournals.org

chronic care institution were excluded
from the study.
Recent immigrants were deﬁned as
those who ﬁrst registered for coverage
under the province’s healthcare plan
within 10 years of baseline (on 1 April
1995 or later). Recent registration has
been shown to be a good proxy for recent
immigration to Ontario (21). Although
country of origin was not available in
the databases we used, previous research
has shown that most recent immigrants to
Toronto are from Asia, Africa, and the
Middle East, with only 12% being of European descent (17). This is in contrast to
the general Toronto population, in which
58% report being of European ancestry.
The ﬁnal sample size was 1,239,262, consisting of 214,882 recent immigrants and
1,024,380 long-term residents.
Measures
Our primary covariate was the degree to
which an individual’s area of residence
supports walking and other physical activities. We used a validated walkability
index created for Toronto, as described
previously (22). Brieﬂy, candidate variables were identiﬁed from the literature
and were generated using geographic information systems methodology and a
combination of census, land use, retail,
and public services data. From these, the
following area-level attributes were selected for the ﬁnal index using principal
components analysis: population density,
dwelling density, street connectivity, and
the availability of walkable destinations
(number of retail stores and services
within a 10-min walk). Index scores positively predicted rates of walking, cycling,
and public transit use and were inversely
associated with car ownership, driving
trips, and levels of obesity (22). For this
study, walkability scores were derived for
10,535 dissemination blocks, which are
small, residential parcels of land (average
population, ;200). Dissemination blocks
were subsequently divided into quintiles,
from most walkable (quintile [Q5]) to
least walkable (quintile [Q1]), which
were then assigned to individuals in our
cohort based on their postal code of residence on 1 April 2005.
Other covariates included age, sex,
and income. Because individual-level information about income was not available
for members of our cohort, we used arealevel poverty as a surrogate. This was based
on data collected for the 2006 Canadian
census, which was used to generate relative
income quintiles adjusted for household

and community size that were then assigned to individuals. This measure was
available at the dissemination area level, a
unit slightly larger than dissemination
blocks.
Study outcomes
Members of our cohort were followed
forward in time, from 1 April 2005 to
31 March 2010, for the development of
diabetes. New cases of diabetes were
identiﬁed using the Ontario Diabetes
Database. The Ontario Diabetes Database
is a validated electronic database that uses
the following algorithm to identify persons with diagnosed diabetes: individuals
with at least one hospitalization or at least
two claims for physicians’ services (within
2 years) bearing a diagnosis of diabetes are
included in the database. This algorithm
was found to be highly sensitive (86%)
and speciﬁc (97%) for identifying patients
for whom diabetes was recorded in primary care charts (23). The same algorithm was used to exclude individuals
who had pre-existing diabetes at baseline
from our study cohort.
Analysis
Random effects Poisson models were
used to examine the impact of neighborhood walkability on the incidence of
diabetes over the 5-year study period
among members of our cohort, according
to their immigration status. Separate
models were created for men and women
on the basis of an a priori hypothesis that
neighborhood effects may vary by sex
(19). Random effects models were used to
account for the clustering of individuals
within the same area and the inherent autocorrelation between adjacent areas. We
calculated the median rate ratio to quantify this variation in diabetes incidence
between geographic clusters (dissemination areas) (24). Additional covariates included in the ﬁnal models were age (in
years) and area income quintile. Tests
for interaction between walkability and
income were performed based on our a
priori hypothesis that concomitant poverty would accentuate the effect of low
walkability on diabetes incidence. Personyears of observation were used as an offset
in the model. Individuals were followed
from 1 April 2005 until the development
of diabetes, death, loss of health insurance
eligibility because of emigration, or the
end of the observation period (31 March
2010), whichever occurred ﬁrst.
Last, we examined whether area income modiﬁed any association between
DIABETES CARE, VOLUME 36, FEBRUARY 2013
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The purpose of this study was to
examine the impact of neighborhood
walkability on the risk of diabetes among
recent immigrants to Canada relative to
long-term residents. To do so, we used
population-level data from Toronto, Canada, one of the most multicultural cities in
the world and home to up to 100,000 new
immigrants each year (accounting for
one-third of all immigration into Canada)
(17). We hypothesized that living in a less
walkable environment accelerates the risk
of diabetesdmore so among recent immigrants than long-term residents. We
further hypothesized that the combination of genetic predisposition, low income, and a living environment that is
less conducive to physical activity
constitutes a particularly high-risk exposure for the development of diabetes
among recent immigrants (18,19).

Neighborhood walkability, poverty, and diabetes
area walkability and diabetes risk. To
do so, we compared 5-year age- and sexstandardized diabetes incidence rates
within subgroups of our population, deﬁned by their immigration status (recent
immigrants versus long-term residents)
and income level (lowest, middle, and
highest quintile).

Table 1dBaseline characteristics of study population by immigration status
Recent immigrants*
(n = 214,882)
Overall, mean (SD)
Sex
Male
Female
Walkability quintile
Q1 (lowest walkability)
Q2
Q3
Q4
Q5 (highest walkability)
Income quintile†
Q1 (lowest income)
Q2
Q3
Q4
Q5 (highest income)

41.1 (8.1)

Long-term residents
(n = 1,024,380)
45.6 (9.2)

Total
(N = 1,239,262)
44.8 (9.2)

108,055 (50.3)
106,827 (49.7)

509,445 (49.7)
514,935 (50.3)

617,500 (49.8)
621,762 (50.2)

42,969 (20.0)
43,115 (20.1)
40,893 (19.0)
39,964 (18.6)
47,941 (22.3)

210,456 (20.5)
187,869 (18.3)
179,190 (17.5)
201,392 (19.7)
245,473 (24.0)

253,425 (20.4)
230,984 (18.6)
220,083 (17.8)
241,356 (19.5)
293,414 (23.7)

88,552 (41.3)
52,113 (24.3)
28,355 (13.2)
21,816 (10.2)
23,364 (10.9)

285,826 (28.0)
235,728 (23.1)
156,688 (15.3)
141,366 (13.8)
201,300 (19.7)

374,378 (30.3)
287,841 (23.3)
185,043 (15.0)
163,182 (13.2)
224,664 (18.2)

Data are n (%) unless otherwise indicated. *Recent immigrant is deﬁned as having gained ﬁrst-ever health
insurance eligibility between 1995 and 2005. †People with missing income were excluded (n = 4,154; 0.34%
of study population).
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in low-income, low walkability areas
(16.2 per 1,000) and those living in
high-income, high walkability areas (5.1
per 1,000).
CONCLUSIONSdOur ﬁndings demonstrate that residents living in less walkable areas, particularly recent immigrants
in low-income neighborhoods, have an
accelerated risk of developing diabetes
compared with those living in more walkable areas. Although diabetes can be prevented through physical activity, healthy
eating, and weight loss (25), the environment in which one lives may pose barriers
to achieving these measures that are difﬁcult to overcome. Lessons learned from
successful antismoking campaigns in the
past suggest that population-level strategies can play a key role in promoting
healthy behaviors (26). Moreover, public
policies that target whole populations
may prevent as many cases of diabetes
as those targeting high-risk individuals
alone (27,28). Our ﬁndings support the
concept that neighborhood design potentially could inﬂuence the health of urban
populations through the opportunities it
provides for residents to undertake
healthy behaviors. This may have practical implications for community-level interventions aimed at diabetes prevention.
Like many cities in the U.S. and
Europe, recent immigrants in our setting
are most often of South Asian, East Asian,
or African descent, groups that are particularly susceptible to the development
of diabetes (7,29). Recent immigrants are
often underemployed relative to their occupational roles in their home country
and therefore experience low socioeconomic status relative to the host country
population, leading to their residence in
less desirable areas of major urban centers. Although the prevalence of chronic
conditions is often lower among recent
immigrants, a phenomenon known as
the “healthy migrant” effect (30), this was
not the case for diabetes among recent
arrivals in our setting, especially for those
living in low-income and low walkability
areas. The growing trend of rapid urbanization in developing countries, together
with rich diets and sedentary lifestyles in
those settings, may have resulted in less
healthy migrant populations to Canada
in recent years, especially with regard to
their risk of obesity-related conditions
such as diabetes (5,6,31). The role of poverty in accentuating the risk of diabetes in
recent immigrants is likely multifactorial.
Lower-income populations may rely more
care.diabetesjournals.org
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RESULTSdBaseline characteristics of
the study population are shown in Table
1. The recent immigrant group was similar to long-term residents in terms of their
demographic characteristics and the
walkability of their residential area. Recent immigrants, however, were more
likely than long-term residents to live in
low-income areas.
During the period of follow-up,
58,544 men and women in our cohort
developed diabetes. There was a large
degree of variation in the incidence of
diabetes between dissemination areas in
our study area on the basis of the calculated median rate ratio (1.44).
We found a strong inverse gradient
between area walkability and the incidence of diabetes among both men and
women in our cohort (Figs. 1 and 2, respectively). The magnitude of this association was consistently greater among
recent immigrants. Recent immigrants
living in the least walkable areas had diabetes incidence rates that were more
than 50% higher than those living in the
most walkable areas (relative risk [RR]

1.58 [95% CI 1.42–1.75] for men; RR
1.67 [95% CI 1.48–1.88] for women) after accounting for differences in age and
area poverty. In contrast, the association
was less marked among long-term residents (1.32 [1.26–1.38] for men; 1.24
[1.18–1.31] for women). Parameter estimates and relative risks for all variables in
our model are presented in Supplementary Tables 1 and 2.
There was a signiﬁcant interaction
between neighborhood walkability and
income, with respect to their effect on
diabetes incidence, both for recent immigrants (P = 0.01) and long-term residents
(P = 0.02). Figure 3 shows the relationships between age- and sex-adjusted diabetes incidence rates and area walkability
by income and immigration. Low-income
areas had diabetes incidence rates that
were twofold greater than high-income
areas at all levels of walkability. Within
low-income areas that were also less walkable, recent immigrants had considerably
higher diabetes incidence rates than longterm residents. However, these rates converged in areas of increased walkability. A
similar pattern was observed among residents living in middle-income areas (data
not shown). In high-income areas, diabetes
incidence was low, did not differ greatly
between recent immigrants and longterm residents, and declined slightly with
increasing walkability. There was a more
than threefold variation in diabetes incidence between recent immigrants living
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on local, low-cost opportunities for physical activity within their neighborhood
than their wealthier counterparts because
of limited ﬁnancial resources. Moreover,
for complex diseases, such as diabetes,
the cumulative effect of multiple environmental insults (e.g., poverty, lack of opportunities for physical activity, and
greater exposure to inexpensive, unhealthy foods) may dramatically heighten
the risk of disease in genetically susceptible individuals (18,19,32).
Our ﬁndings are supported by other
studies demonstrating an association between neighborhood features that discourage physical activity and risk factors
for diabetes such as physical inactivity,
insulin resistance, and obesity (9–15,33).
However, virtually all of these were crosssectional in design. An exception is an
analysis by Berry et al. (34), which noted
several neighborhood characteristics that
predicted long-term weight gain, including area poverty and higher levels of perceived trafﬁc. Relatively few studies have
examined the relationship between neighborhood features and discrete health
care.diabetesjournals.org

outcomes such as diabetes. In the Multiethnic Study of Atherosclerosis, participants
who reported having better neighborhood
resources for physical activity and healthy
foods were 38% less likely to develop diabetes over a 5-year period (35). Our study
adds to this literature by suggesting that
neighborhood walkability is also a signiﬁcant risk factor for the development of diabetes among young and middle-aged
adults living in urban settings and that recent immigrants are particularly susceptible
to its inﬂuence.
In many cities around the world, the
walkability of a neighborhood is tied to
the era in which it was ﬁrst developed. In
Toronto, as in other North American cities,
the older neighborhoods, built predominantly before World War II, have characteristics that enhance their walkability,
including higher residential densities,
shorter block lengths, and the coexistence
of residential and commercial areas in the
same neighborhood. The latter provides
residents with a choice between walking
and other modes of travel to reach
routine destinations. During the period

after World War II, this style of urban design was largely replaced by a shift toward
sprawling developments and the separation of land uses through legislated changes
in zoning. This led to tremendous growth
of purely residential, automobile-oriented
suburban communities. Suburban living
dramatically reduces the opportunities residents have to engage in transportationrelated physical activity, such as walking
or bicycling to work or school or to run
errands (9–12,36). The automobile-oriented
planning practices of the 1960s and 1970s
have been contested by the “New Urbanism”
movement, which promotes a return to
pre–World War II styles of urban design.
Many cities are now setting limits on further suburban sprawl, instead favoring
high-density development in major employment and retail areas and along major
transportation corridors. In this way, urban
landscapes can be modiﬁed over time.
Our research approach had both limitations and strengths. One limitation of
this work is that it included a single
municipality; therefore, our ﬁndings
may not apply to other settings. However,
DIABETES CARE, VOLUME 36, FEBRUARY 2013
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Figure 1dDiabetes risk among men aged 30–64 years by walkability quintile and immigration status (recent immigrants [white squares] vs. longterm residents [black circles]). †Adjusted for age and income using random intercept Poisson model. ‡Reference quintile.
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historical trends in urban development
that occurred in Toronto are typical of
those that occurred in other cities in
North America and elsewhere in the
world. Our setting is also one of the
most multicultural cities globally, making
it an ideal setting for this type of research.
Although our analysis was based on individuals, socioeconomic status could be
measured at only the area level. That
measure was based on very small residential units, which have been shown to be
a good proxy for individual income
(37). Our data did not include country
or region of origin or timing of immigration, and for that reason we used a proxy
measure for recent immigration: recent
registration for Ontario health care. Previous research showed that most individuals (.80%) captured using this
method are new immigrants; however,
the remainder include both immigrants
and nonimmigrants who migrate between
provinces (21). This misclassiﬁcation
would tend to reduce the differences between the recent immigrant and longterm resident groups studied. The recent
306
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immigrant group is likely to be heterogeneous with respect to factors inﬂuencing
their rate of assimilation, including their
country of origin, prior “Westernization,”
and the presence of family members in
Canada, which we were not able to account
for in our analysis. In addition, ethnoracial
composition was not available in our data,
but most immigrants to Ontario are from
populations that carry a high genetic predisposition for developing diabetes (7,29).
Furthermore, recent immigrants are well
distributed across Toronto, with few ethnic
enclaves (38); thus, clustering of ethnic
populations should not account for our
ﬁndings.
Other area-level factors could have
contributed to our ﬁndings. Differences in
the retail food environment potentially
could inﬂuence rates of obesity and insulin
resistance (32,33,35); however, a previous
study found higher concentrations of convenience stores and fast food outlets in the
more walkable neighborhoods of Toronto
(38). Last, unmeasured confounders
could have contributed to the association
between neighborhood walkability and

diabetes incidence; therefore, we cannot
prove deﬁnitively that this relationship
was directly causal. We hypothesize that
living in a less walkable neighborhood increases one’s risk of diabetes through its
effects on physical activity and obesity,
based on the vast literature supporting
the association between neighborhood environments and these entities, including
research conducted in Toronto using our
index and similar measures elsewhere (9–
15,38,39). However, information about
BMI, physical activity levels, and travel
behaviors was lacking in our datasets.
Collectively, this line of research supports the notion that where one live has a
profound inﬂuence on one’s health. This
is a fundamental shift in the paradigm in
which we view the etiology of chronic diseases such as diabetesdfrom a purely
biomedical one to one that incorporates
the larger world in which we live. Moreover, it opens up other avenues for the
prevention of obesity-related diseases
that include changes in the way communities are designed (40). As the fast pace of
urbanization continues, particularly in
care.diabetesjournals.org
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Figure 2dDiabetes risk among women aged 30–64 years by walkability quintile and immigration status (recent immigrants [white squares] versus
long-term residents [black circles]). †Adjusted for age and income using random intercept Poisson model. ‡Reference quintile.
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developing countries, lessons learned
from industrialized nations will be increasingly valuable. Further research is
needed to establish the consistency of
these ﬁndings in other settings, to identify
the world regions and ethnoracial groups
most susceptible to these effects, and,
most importantly, to more fully understand what impact interventions targeting
the built environment might have on levels of obesity and diabetes.
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