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Abstract

Purpose of Review: To explore the relationship between the built environment and type 2
diabetes, considering both risk factors and policies to reduce risk. The built environment refers to
the physical characteristics of the areas in which people live including buildings, streets, open
spaces, and infrastructure.

Recent Findings: A review of current literature suggests an association between the built
environment and type 2 diabetes, likely driven by two key pathways—physical activity and the
food environment. Other hypothesized mechanisms linking the built environment and type 2
diabetes include housing policy, but evidence in these areas is underdeveloped.

Summary: Policies designed to enhance the built environment for diabetes risk reduction are
mechanistically plausible, but as of yet little direct evidence supports their effectiveness in
reducing in type 2 diabetes risk. Future work should rigorously evaluate policies meant to reduce
type 2 diabetes via the built environment.
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Introduction

Diabetes mellitus remains one of the most significant chronic medical diseases in the United
States. In 2015, an estimated 30.3 million people had diabetes -- 9.4% of the population. [1]
Diabetes was the seventh leading cause of death in the United States in 2015 [2], and the
estimated cost of diabetes in 2017 was $327 billion. [3] Major risk factors for type 2
diabetes mellitus (T2DM) include physical inactivity and being overweight or obese. An
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emerging public health issue that may influence diabetes risk is the built environment. [4]
Though the term “built environment’ can have many meanings, this paper will focus on the
physical characteristics of the areas in which people live such as buildings (and what
occupies them), streets, open spaces, and infrastructure, and what role they may play in the
risk for T2DM. These characteristics can operate at different scales—macro-, meso-, and
micro-levels. These levels might correspond, for example, to a large metropolitan area
(macro-), within which is nested a particular municipal area (meso-) and a specific
neighborhood (micro-). Further, we consider the way that these physical features may help
shape the local social circumstances experienced by individuals living in these areas. We
begin by examining the evidence about associations between the built environment and
diabetes risk, along with mechanisms whereby various features of the built environment may
influence diabetes risk. Finally, we examine how policies could help shape the built
environment in order to influence diabetes risk.

The Built Environment and Diabetes Risk: Evidence and Mechanisms

Evidence has mounted that built environment characteristics are associated with diabetes
risk. Further, there is additional evidence regarding mechanisms that may underlie this
association. [5] Major modifiable risk factors for T2DM include body mass index (BMI),
physical activity, and diet. [2] For this reason, much of the work examining mechanisms that
link the built environment to diabetes risk has focused on associations between the built
environment and these factors. [6-18] Below, we discuss evidence for an association
between built environment factors and diabetes risk itself, along with evidence regarding an
association between the built environment and diabetes risk factors. In interpreting this
evidence, we point out a major issue in studying the built environment: challenges in
distinguishing the role that compositional characteristics (i.e., those individual-level
characteristics of the people living in an area, for example, education, income, and race/
ethnicity) and contextual characteristics (i.e., the characteristics of the environment itself
such as housing inventory, parks, etc.) play in diabetes risk, and how these factors may
interact. Distinguishing these features requires data on both levels (individual and area) and
sometimes sophisticated statistical analysis. [19] Some studies are able to do this well, but
many studies are less able to do so, often because they lack data on individual
socioeconomic circumstances. [20, 21] Therefore, it can be difficult to determine whether it
is specific features of the built environment that drive the association, or individual-level
factors. For the field to advance, and for policies that affect features of the built environment
to lower diabetes risk, we will need more sophisticated understanding of the way in which
built environment features causally relate to diabetes.

The Built Environment and Diabetes Prevalence and Incidence

Many studies have examined the relationship between the built environment and diabetes
risk. In general, these studies focus on two key aspects of the built environment—features
that encourage physical activity, such as walkability and green spaces, and the food
environment.

Curr Diab Rep. Author manuscript; available in PMC 2020 December 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Amuda and Berkowitz

Page 3

Several cross-sectional studies support an inverse relationship between walkability and
T2DM risk. Walkability was associated with a lower risk of T2DM in a systematic review of
60 articles from high-income countries including the United States, Canada, Germany, and
Australia by Dendup et al. [11] Among older adults, those who lived in the greenest
neighborhood quartile had a lower risk of developing diabetes (HR 0.81, 95% CI 0.67 —
0.99, P=0.04) with relatively little change in risk after adjusting for age, sex, BMI, family
history of diabetes or socioeconomic status, in a United Kingdom study. [9] The risk of
T2DM was lower in neighborhoods with more green space, with the strongest association
among participants who lived in neighborhoods with 40 to 60% green space (OR 0.87 95%
C10.83, 0.92) in an Australian cohort study conducted among adult middle-aged and older
adults. [6] While there is an inverse association between increased walkability and open
spaces and diabetes incidence and prevalence, this association is modified by socioeconomic
status and immigration status. [22] The impact of socioeconomic status on the relationship
between the built environment and T2DM was further demonstrated in a cross-sectional
study of 512,061 Swedish adults conducted by Sundquist et al. Greater neighborhood
walkability was associated with greater T2DM incidence (OR 1.33, 95% CI 1.13 — 1.55)
when not adjusting for individual socioeconomic factors. However, this association was no
longer significant once these factors were adjusted for. [23] This finding highlights the
importance of considering both compositional and contextual factors in understanding the
relationship between the built environment and diabetes. Specifically, associations that may
appear to be driven by contextual (aspects of the environment itself like walkability) factors
can turn out to be related to compositional (aspects of those who live in the environment,
like low socioeconomic status) factors when consideration is given to both possibilities.
Similarly, the relationship between immigration status, built environment, and diabetes was
further explored in a retrospective cohort study among recent immigrants (214,882
individuals) and long-term residents (1,024,380 individuals) of Toronto, Canada. Area
walkability was inversely related to incidence of diabetes among long-term residents in
Toronto in both men (RR 1.32, 95% 1.26 — 1.38) and women (RR 1.24, 95% CI 1.18 —
1.31). [24] The magnitude of this association was greater among recent immigrants (RR
1.58, 95% CI 1.42 — 1.75 for men; RR 1.67, 95% CI 1.48 — 1.88 for women).

The longitudinal relationship between changes in the built environment and incident diabetes
and diabetes-related outcomes has also been established. In a systematic review and meta-
analysis of 36 studies in the United States, Canada, Sweden, and Australia, [8] increased
neighborhood walkability was associated with decreased incident hypertension, obesity,
T2DM, and cardiovascular disease events. Most studies assessed in this review had a
duration of 5 years or longer with data collection at 3 or more time points. A time series
analysis from 2001 to 2012 of 8777 neighborhoods and 32767 individuals in Southern
Ontario[25] found that the prevalence of overweight/obesity increased in the neighborhoods
that were least walkable at baseline (absolute change, 5.4% [95% CI, 2.1%-8.8%]) but did
not increase in the most walkable neighborhoods (absolute change, 2.1% [95% CI, —=1.4% to
5.5%]). In a meta-analysis of 6 studies, increased walkability was associated with lower
T2DM risk (RR 0.79, 95% CI 0.72 — 0.87). [10] More green space was non-significantly
associated with lower T2DM risk (RR 0.90, 95% 0.79 — 1.03), though the magnitude of this
association is small.
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Evidence for the association between the food retail environment and diabetes risks suggests
that the availability of healthy food outlets decreases T2DM risk. In a systematic review of
109 articles, the presence of fast-food and convenience stores was associated with higher
T2DM prevalence and risk. [10] In two studies in the United Kingdom, close proximity to
fast food outlets was associated with greater T2DM risk. The odds of having T2DM (OR =
1.02, 95% CI 1.00 — 1.04) and obesity (OR =1.02, 95% CI 1.00 — 1.03) were greater in
neighborhoods with more fast food outlets in a cohort study of 10461 participants[7], and
the odds of T2DM were greater in those with the highest exposure to restaurants and
cafeterias, compared with those who had no exposure (OR 1.13, 95% CI 1.05-1.21), in a
cross-sectional study of 502,635 adults. [16] Individuals who lived farther away from fast-
food outlets had lower odds of T2DM (OR 0.84, 95% CI 0.78 — 0.91) compared with those
who lived closest. Also, in a prospective cohort study of more than 4.5 million individuals in
Sweden, health-harming food outlets (fast-food outlets, bars, or pubs) were associated with
higher odds of prevalent (OR = 1.85, 95% CI 1.51 — 2.26) and incident (OR = 2.11, 95% CI
1.57 — 2.82) T2DM.[15] Further, individuals who changed locations during the study had a
higher odds of incident T2DM (OR 3.67, 95% CI 2.14 — 6.30) when they moved to an area
with more (vs. fewer) health-harming food outlets.

The Built Environment and Diabetes Risk Factors

Aside from examining diabetes risk directly, a number of studies have found that features of
the built environment are associated with risk factors for developing diabetes. Major risk
factors examined have been physical activity, overweight/obesity, and insulin resistance.

Increased physical activity has been associated with increased walkability. In a systematic
review of 44 studies conducted in Australia, Canada and Belgium, Durand et al. explored the
relationship between the physical environment and degree of physical activity [26] and
found that open space preservation was associated with increased physical activity and
higher rates of walking was associated with range of housing choices, mixed land use,
development towards existing communities, and compact building design. Walkability and
street connectivity have been related to transportation-related physical activity, and leisure
activity has been most frequently associated with road and sidewalk conditions, as well as
safety. [27] Across 103 articles concerning children and adolescents, the most consistent
correlations in children were between level of physical activity and walkability, traffic speed,
volume, land use mix, residential density, and access or proximity to recreational facilities.
Among adolescents, land-use mix and residential density were the strongest correlates for
physical activity.

Street connectivity and availability of recreational equipment has a positive association with
physical activity. Higher street connectivity was significantly related to lower sedentary time
(b=1.93,95% CI 1.11 — 4.96), in a cross-sectional study of 5712 participants in 17 urban
areas across 12 countries. [28] The availability of recreational equipment was associated
with various types of physical activity in a systematic review of 47 observational studies.
[29] Residential density (b = 1.01, 95% CI 1.00 — 1.01), intersection density (b = 1.07, 95%
Cl 1.01 - 1.13), public transport density (b = 1.04, 95% CI 1.02 — 1.06), and number of
parks b = 1.15, 95% CI 1.03 — 1.27) were positively associated with physical activity in a
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cross-sectional study of 6822 adults in 14 cities from 10 countries though these effects were
all modest. [30] This suggests that zoning and urban planning may play a role in increasing
physical activity in urban areas. Finally, federal housing assistance has been associated with
greater physical activity. [31]

Changes to the built environment that increase walkability of neighborhoods, improve
recreational spaces, and enhance transportation infrastructure could increase physical
activity in both children and adults. [32] Examples of these changes are construction of new
sidewalks and crosswalks, installation of raised platforms and “zebra’ crossings to improve
pedestrian safety, development of new greenways, installation of fitness and playground
equipment, and park renovations. This evidence suggests that interventions to enhance the
physical infrastructure of neighborhoods may promote both transport (i.e., getting to and
from locations such as work or school) and recreational physical activity.

Several studies have also examined the relationship between the built environment and
overweight/obesity. One way of understanding the relationship between the built
environment and overweight/obesity is via neighborhood deprivation. Neighborhood
deprivation is a measure that accounts for income, poverty, housing, education, employment
and occupation. [33] A greater degree of neighborhood deprivation was modestly associated
with higher BMI (greater than 35) (RR 1.22, 95% CI 1.12 — 1.31) and hemoglobin Alc of
9% or greater (RRR 1.33, 95% CI 1.16 — 1.52) even after adjusting for individual factors in a
cross-sectional study of 20,188 adults with chronic diseases in 19 Northern California
counties.

Another way to conceptualize the relationship between the built environment and
overweight/obesity is to consider features of the environments at different scales: the
macro-, meso-, and micro-levels. [34] At the macro-level, the built environment is classified
by degrees of urban sprawl and compactness using density, mix, centered-ness, and street
connectivity. Areas with greater sprawl were associated with higher rates of obesity than
more compact ones. Additionally, residents living in more compact areas had lower BMI
values and rates of chronic cardiometabolic conditions like hypertension, coronary artery
disease, and diabetes. The meso-level described areas within a 1 km distance of individuals,
characterizing them by land use mix, residential density, and street connectivity. The
investigators found that of these 3 measures, land use mix was the most strongly associated
with obesity and that each quartile increase in land use mix was associated with a 12.2%
reduction in likelihood of obesity accounting for gender and ethnicity. They also found that
walkability of neighborhoods and proximity to parks and recreational spaces were of
significance. Finally, proximity to supermarkets and grocery stores was associated with
lower rates of obesity, while proximity to, or presence of, convenience stores and fast food
were associated with higher rates of obesity. Highlighting the importance that area planning
can play, for each additional kilometer walked, there was a 4.8% decrease in odds of obesity
and for each hour spent in a car per day there was a 6% increase in odds of obesity, in a
cross-sectional study including 10,878 participants in the metro Atlanta area. [35] Therefore,
planning decisions that influence how much one walks vs. spends time in a car may have a
powerful effect on area obesity prevalence. By contrast, commercial density (measured as
number of commercial facilities per hectare where commercial facilities are non-residential
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buildings used to conduct business) was associated with a 0.75 kg/m? increase in BMI for
each additional commercial facility per hectare in a cross-sectional study conducted in rural
Vermont. [36] This was surprising, as most prior studies found that lower BMIs were
associated with compactness and increased density. This suggests that the relationship
between density and obesity may be vary in urban versus rural contexts.

There have few longitudinal studies examining changes in the food environment and its
effects on diabetes outcomes. Improvements in the food environment, such as increases in
supermarkets, grocery stores, and produce venues supplying healthful foods in a person’s
neighborhood, was associated with weight loss among adults with diabetes who maintained
the same residence over 5 years, in a longitudinal cohort study of 194,652 individuals in
Northern California conducted by Laraia et al. [37] However, magnitude of the association
(1 pound lost for each standard deviation improvement in food environment) was small and
unlikely to be clinically meaningful.

The majority of studies assessing the built food environment address the location and types
of food vendors, but a study from Kern et al. reveals an intriguing finding related to food
cost. Residents who lived in areas with larger cost differentials between healthy and non-
healthy foods had greater insulin resistance, in their longitudinal cohort study of 3,408
individuals in six U.S. cities. [14]

rom Policies

Overall, there is little direct evidence linking particular policies to changes in diabetes
outcomes. However, based on the understanding of the relationship between the built
environment and diabetes risk, there are several policy levers that might be used to influence
risk factors. This has formed the basis of emerging policy evidence regarding the built
environment and diabetes.

Development policies can increase physical activity. [34] At the macro-level, this has
focused on mixed-use zoning and transit-based development. At the micro-level, a
promising strategy has been reforms to improve street connectivity and transit changes to
promote more walkable neighborhoods. Municipalities have also worked towards providing
bonuses, waivers, and streamlined permits for developers who build communities with
increased walkability, recreational spaces, and active travel. A recent study provides an
example of how such an approach may play out. Arnason et al. used modelling to estimate
the number of diabetes cases that could be prevented after a municipal policy was passed to
increase physical activity through active transportation for work commutes in Ottawa,
Ontario. [38] This policy required pedestrian areas on all existing, new, and reconstructed
roads; increased pedestrian crossings at high traffic transit corridors; reduced pedestrian
crossing distances; created infrastructure supportive of cycling by building or renovating
cycling pathways; and developing cycling connections to transit, and public bicycle parking.
[39] Model estimates predicted that, over a 10-year timeframe, such policies could
substantially reduce diabetes incidence, preventing up to 1620 cases of diabetes among
17,300 physically inactive individuals or 12,300 inactive adults greater than 45 years old.
[38]
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Two factors strongly influenced by public policy, a high degree of “urban sprawl!” and low
“land use mix”, consistently showed an association with overweight/obesity in a systematic
review of 92 studies. [40] Urban sprawl, or uncontrolled growth and development in the
outskirts of a city, is a phenomenon that heavily affects the built environment given its
impact on street connectivity, availability of green spaces, neighborhood walkability, and
locations of retail outlets. [41] Land use mix is a measure that assesses the diversity of
function within a building, set of buildings, or area. [42] Areas with high mixed-use
development may include residential, office, retail, and personal services, as well as parks,
and open green spaces. Both urban sprawl and land use mix are potential areas for
intervention at the policy level where zoning regulations and controlled urban planning can
support health-promoting urban development. [40] Purnell et al. presented a review of policy
recommendations to address diabetes, but acknowledged that evidence for the effectiveness
of these policies is scant. [43] Recommendations that particularly focused on built
environment issues were local zoning regulations to promote active transportation, which in
turn would increase physical activity, and urban planning to promote connectivity, safety,
and public transportation.

Local, grassroots level policy changes can be effective at improving the built environment to
reduce diabetes risk as well. Using community-based participatory methods, community
stakeholders and researchers in an indigenous community of Kahnawake, Quebec developed
a process to improve the safety of travel to and from school for grade-school children over
19 months. [44] The safety initiative shaped policies regarding transport and pedestrian
routes that encouraged transport physical activity. Healthy food retail policies, as
exemplified by a recent San Francisco initiative, also have potential to affect diabetes risk.
[45] The program offers redesigns to stores (including storage and display areas for
perishable items) and provides support for store owners who increase capacity for produce
sales and limit availability of tobacco and alcohol. Evidence on outcomes was not yet
available at the time of this article. The South Side Diabetes Collaborative is a
multicomponent intervention that integrates a quality improve collaborative, patient
activation educational program, clinician training, and partners with community
organizations to improve diabetes outcomes on the South Side of Chicago.[46] Early results
showed improved diabetes care and control. Finally, the Healthy Communities Study, which
focused on local community policy and programs that targeted childhood obesity and
behavioral change around diet and physical activity, found that a larger number of
approaches, without regard to the specific types of policies, was associated with lower BMI
in children, suggesting that multiple policy approaches in combination may be effective in
reducing diabetes risk. [47]

Despite evidence that housing support can increase physical activity [31] and that moving
from a high poverty to lower poverty neighborhood via a housing assistance program
reduces diabetes incidence, [48] we found no evidence regarding changes in housing policy
and diabetes risk.

Some work has focused on how best to facilitate and study policy change for the built
environment. In a qualitative analysis of data collected from public health, urban planning,
transportation and governmental stakeholders in Southern Ontario, Canada, Fazli et al.
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established a framework for defining the built environment, standardized measurement and
monitoring of the built environment, and actionable steps for developing health promoting
solutions. [49] Beyond establishing consistent measures for the built environment, Giles-
Corti et al. have developed strategies for prioritizing research to inform policy and practice
changes for chronic disease management. [50] Two of the strategies related to the physical
environment include encouraging more policy-relevant research around active living and
changes to the built environment that may reduce chronic disease burden. They also
recommend incentivizing academics through partnerships with policymakers and
practitioners to solve population health problems.

The most effective way to implement programs that encourage healthy built environments
may be initiatives prioritizing maximum stakeholder engagement. Suggested stakeholders
include community members and organizations, public health experts, legislators, and
consultants with experience in transportation, land use, and urban planning. [51-53] For
example, Miro et al. evaluated a capacity-building project for public health professionals in
British Columbia. [54] Health authorities in this province were paired with a consultant to
gain an understanding of land use and transportation planning in order to integrate public
health principles with physical environment changes. This initiative allowed health
professionals to participate in planning processes and hold influence in decisions around the
built environment. While this effort is promising, there are not yet data to evaluate the public
health effect of this effort.

Recommendations for Future Work

While the role for policy in shaping the built environment to reduce diabetes risk is clear,
much work remains to be done. Rigorous evaluation of policies aimed at increasing physical
activity, improving diet quality, and reducing obesity needs to occur. High quality public
health surveillance of diabetes is available for many municipalities, enabling tracking of
area-level changes in diabetes incidence. However, attributing effects to any given policy out
of a multitude of ongoing efforts will be tricky. Ideally, policies will be guided by evidence
on mechanisms of diabetes risk, and be accompanied by robust, prospective evaluation in
order to determine their effects. When experimental designs are not possible, use of quasi-
experimental analysis strategies, such as interrupted time series analyses, regression
discontinuity designs, or instrumental variable approaches, may be useful.

Another key area that has been neglected in current work is examining ways to use built
environment policy to reduce diabetes disparities. It is well-established that there are
disparities in diabetes risk and incidence based on race/ethnicity, socioeconomic status, and
immigration status [55-58]. One potential mechanism for these disparities are differences in
the built environment. Those with lower socioeconomic status and racial/ethnic minorities
are often exposed to built environments that impede physical activity, and constrain healthy
food choice. Because disease burden disproportionately affects populations by race/ethnicity,
socioeconomic status, and immigrant status, efforts to improve built environment
characteristics should be sensitive to the unique needs of these communities. Prioritizing
research and evaluation that can mitigate T2DM risk factors may be an additional avenue to
reduce disparities in diabetes risk, and other chronic diseases. Further, because these
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populations are at heighted diabetes risk, reducing their risk may not only reduce disparities
but help drive down overall incidence of diabetes.

Conclusions

There is a large body of research describing the relationship between diabetes risk and
physical activity, overweight/obesity, and the food environment [2, 59-60]. Current evidence
suggests a relationship between the built environment and these risk factors. Given this
relationship, policies that enhance the physical environment, particularly by encouraging
more physical activity and exposure to healthy food retail options may reduce risk of
diabetes. But despite increasing consideration of the built environment as a mechanism for
improving health of communities and reducing risk of chronic disease, the evidence base is
still under development. At the present time, policy approaches to reduce diabetes risk are
promising, but we do not yet know what public health impact they can truly offer.
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