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Background: Despite increasing interest in the extent

to which features of residential environments contribute to incidence of type 2 diabetes mellitus, no multisite
prospective studies have investigated this question. We
hypothesized that neighborhood resources supporting
physical activity and healthy diets are associated with a
lower incidence of type 2 diabetes.
Methods: Person-level data came from 3 sites of the Multi-

Ethnic Study of Atherosclerosis, a population-based, prospective study of adults aged 45 to 84 years at baseline.
Neighborhood data were derived from a populationbased residential survey. Type 2 diabetes was defined as a
fasting glucose level of 126 mg/dL or higher (ⱖ7 mmol/L)
or taking insulin or oral hypoglycemic agents. We estimated the hazard ratio of type 2 diabetes incidence associated with neighborhood (US Census tract) resources.
Results: Among 2285 participants, 233 new type 2 diabetes cases occurred during a median of 5 follow-up years.
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T

Better neighborhood resources, determined by a combined score for physical activity and healthy foods, were
associated with a 38% lower incidence of type 2 diabetes (hazard ratio corresponding to a difference between
the 90th and 10th percentiles for resource distribution,
0.62; 95% confidence interval, 0.43-0.88 adjusted for age,
sex, family history of diabetes, race/ethnicity, income, assets, educational level, alcohol use, and smoking status). The association remained statistically significant after further adjustment for individual dietary factors,
physical activity level, and body mass index.
Conclusion: Better neighborhood resources were
associated with lower incidence of type 2 diabetes,
which suggests that improving environmental features
may be a viable population-level strategy for addressing this disease.
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HE WORLDWIDE EPIDEMIC OF

type 2 diabetes mellitus is
largely driven by the combined rise in obesity, intake of energy-dense or nutrient-poor foods, and physical inactivity.
Individual-based approaches to reverse this
epidemic, including surgical treatment,

For editorial comment
see page 1653
medication, and behavior modification,
have yielded mixed results. 1,2 Meanwhile, community trends in diabetes incidence continue to worsen.3 It has been
argued that large-scale behavioral change
is necessary to forestall the epidemic, but
behavioral change is often difficult and is
not sustainable in unsupportive environments. There is growing recognition that
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population-level environmental interventions have the potential to alter sociocultural norms in health behaviors.4 The presence of resources that support physical
activity and a healthy diet are environmental features that could affect the development of type 2 diabetes.
Cross-sectional evidence exists that
neighborhood resources are associated with
precursors to type 2 diabetes, as measured
by body mass index (BMI)5,6 (calculated as
weight in kilograms divided by height in meters squared) and insulin resistance.7-9 Yet,
to our knowledge, only 2 longitudinal studies have examined whether neighborhood
characteristics are associated with type 2 diabetes, and both included limited measures
of the relevant environmental features and
were limited to small or restricted singlesite samples.10,11 No longitudinal study, to
our knowledge, has examined whether
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Table 1. Community Survey Questionnaire Items for Neighborhood Scales
Neighborhood Scale

Questionnaire Items

Suitability of the environment for physical activity

Availability of healthy foods

1. My neighborhood offers many opportunities to be physically active.
2. Local sports clubs and other facilities in my neighborhood offer many opportunities to get exercise.
3. It is pleasant to walk in my neighborhood.
4. In my neighborhood, it is easy to walk places.
5. I often see other people walking in my neighborhood.
6. I often see other people exercise (for example, jog, bicycle, or play sports) in my neighborhood.
1. A large selection of fresh fruits and vegetables is available in my neighborhood.
2. The fresh fruits and vegetables in my neighborhood are of high quality.
3. A large selection of low-fat products is available in my neighborhood.

neighborhood resources, specifically for physical activity
and healthy foods, are associated with incident type 2 diabetes in a large, multisite population sample. The identification of an effect of neighborhood features on the development of type 2 diabetes would support prevention
efforts that target environmental features.
We examined whether neighborhood resources that
support being physically active and having a healthy diet
are associated with incidence of type 2 diabetes during
5 years of follow-up in a large and diverse populationbased sample. We hypothesized that the incidence of type
2 diabetes was inversely associated with these 2 neighborhood features.
METHODS

PERSON-LEVEL DATA
Person-level data used in these analyses came from the MultiEthnic Study of Atherosclerosis (MESA). The MESA recruited
persons aged 45 to 84 years from 6 sites using a variety of population-based approaches, including commercial lists of area residents and random-digit dialing.12 Only persons without clinical cardiovascular disease at baseline were eligible. For this
analysis, we included participants enrolled at 3 sites for which
neighborhood-level data were obtained: Baltimore (city) and
Baltimore County, Maryland; Forsyth County, North Carolina; and New York City/Bronx, New York. Data were used from
the baseline examination (collected from 2000 to 2002) and 3
follow-up examinations that occurred approximately 1.6, 3.1,
and 4.8 years later. Retention rates were high (94%, 89%, and
86%, respectively, for the 3 follow-up visits). All participants
provided written, informed consent, and the study was approved by the institutional review boards at all participating
institutions.

TYPE 2 DIABETES
Glucose levels were ascertained from blood samples obtained
after a 12-hour fast and assayed by rate reflectance spectrophotometry using the thin-film adaptation of the glucose oxidase method on the Vitros analyzer ( Johnson & Johnson
Clinical Diagnostics, Inc, Rochester, New York). Type 2 diabetes was defined using the American Diabetes Association
2003 criteria13: fasting glucose level of 126 mg/dL or higher
(to convert to millimoles per liter, multiply by 0.0555) or taking insulin or oral hypoglycemic agents. Information on the
use of insulin or oral hypoglycemic agents was obtained by
visual inspection of medications or if the participant twice
self-reported use on study questionnaires. Incident diabetes

was determined in participants who did not have type 2 diabetes at baseline.

MEASUREMENT OF COVARIATES
Covariates measured at baseline were age, sex, self-classified
race/ethnicity, per capita household income, household assets
(owns home, investments, or property other than primary
home), educational level, cigarette smoking status, high weekly
alcohol consumption (upper 10th percentile among study participants), and family history of diabetes (positive if the participant had at least 1 diabetic blood-relative parent in addition to at least 1 diabetic blood-relative sibling14).
Body mass index was measured at all examinations. Physical
activity was assessed from metabolic equivalent task-hours per
day for walking and moderate- and vigorous-intensity sports and
conditioning activities from a physical activity questionnaire at
baseline and at 2 follow-up examinations.12,15 Dietary measurements were compiled from a food frequency questionnaire administered only at baseline and were summarized using an index (derived from principal components analysis of these data16)
that quantified consumption of fiber (whole grain bread, rice, and
pasta), fruit, seeds/nuts, green leafy vegetables, and low-fat milk.
Components of this index have been associated with less insulin
resistance (a precursor to type 2 diabetes) either because of their
intrinsic health-promoting properties or because they are proxies for a “healthy” diet.17,18

NEIGHBORHOOD-LEVEL DATA
Measures of neighborhood resources were obtained from an independent sample: the Community Survey,19 a populationbased random-digit dialing telephone survey conducted as part
of the MESA12 ancillary Neighborhood Study. We used a sample
that was independent but co-located with the original study’s sites
and participants to avoid spurious associations that can result
when neighborhood information and behaviors are selfreported by the same participants.20,21 Community Survey data
were collected in 2004 (the midpoint of the MESA follow-up period) from 5988 persons residing in the city of Baltimore and
Baltimore County, Forsyth County, and New York City/Bronx.
Two scales were used in this study: suitability of the environment for physical activity and availability of healthy foods
(Table 1). Residents were asked, for example, if it was “pleasant” and “easy” to walk in their neighborhood and if there were
nearby exercise facilities. They were asked if a large, highquality selection of fruits, vegetables, and low-fat foods was available in their neighborhood. The interviewer explicitly defined
neighborhood as “the area within about a 20-minute walk or about
a mile from your home” (ie, 1.6 km). Item responses from the
residential survey were weighted to account for the differential
probabilities of selection into the sample (based on the number
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of telephones in the household) and the number of adults in the
household and were adjusted for age and sex of the respondents because of the influence of those characteristics on the neighborhood ratings (eg, women may be more likely to purchase food
for the household and would be more knowledgeable about food
availability and quality). Survey items had a possible score range
of 1 to 5; higher scores indicated better resources. Both scale internal consistency and test-retest reliability were acceptably high
(Cronbach ␣, ⱖ0.73; 2-week test-retest reliability, ⱖ0.60). Within
a tract there was reasonable participant agreement (0.43 and 0.28
intraneighborhood correlation coefficient for physical activity environment and healthy foods environment, respectively), and,
thus, tracts were used as a proxy for neighborhoods. Additional
details on the survey are reported elsewhere.19 Responses within
a tract were aggregated using empirical Bayes estimation,22 and
tract-level characteristics were subsequently linked to MESA participants’ US Census tract; MESA participants whose data were
used in this study resided in 416 tracts with a median of 6 participants per tract.

STUDY PARTICIPANTS
Of 3265 participants enrolled at baseline in the parent study at 3
study sites, 2963 agreed to participate (90.8%),12 and 2606 (79.8%)
did not have type 2 diabetes at baseline. A total of 321 persons
without type 2 diabetes at baseline (12.3%) were excluded for the
following reasons: address errors (n=77), missing information
on diabetes (n=13), neighborhood-level exposures (n=91), and
key covariates (n=140). Therefore, 2285 of 2606 participants
(87.7%) were included in the main analyses. An additional 267
persons with missing dietary information (10.2%) were excluded from analyses that used the diet index. Among the 2606
eligible participants, demographic characteristics were roughly
similar for excluded and included persons.

STATISTICAL ANALYSES
We first classified neighborhood resources into tertiles and used
the tertiles to examine the distribution of individual-level variables for persons who did and did not develop type 2 diabetes
(Table 2) as well as the age- and sex-adjusted type 2 diabetes
incidence rates23,24 (Table 3). Because events occurred during the interval between examination dates (intervalcensoring), regression models used parametric accelerated failure time estimation to derive adjusted hazard ratios (HRs) for
incident diabetes. The Weibull distribution was selected as the
best-fitting accelerated failure time function after comparing
model likelihood ratios fit for Weibull, exponential, and gamma
distributions. To examine which adjustment variables had a
strong influence on type 2 diabetes risk, we adjusted the model
in stages (Table 4). Models were adjusted for age, sex, family
history of diabetes, per capita household income, household
assets, educational level, race/ethnicity, alcohol consumption,
and cigarette smoking status. Independent variables were not
highly colinear, which permitted examination of their independent effects (Pearson correlation between neighborhood resources and individual-level income, r = 0.20). We examined
the potential mediating effect of individual-level physical activity, dietary factors, and BMI on the neighborhood association with type 2 diabetes incidence, and we compared HRs before
and after adjustment for these variables. We examined the sensitivity of our results to more sophisticated approaches in the
following ways: (1) using available time-varying covariates (examinations 2-4) and (2) allowing for within-neighborhood correlations in the response (interval-censored accelerated failure time models cannot easily be modified; therefore,
proportional hazards regression was used for those analyses).

We also assessed the contribution of baseline glucose impairment (impaired fasting glucose [IFG] and fasting glucose level,
100-125 mg/dL) to incident type 2 diabetes by examining
whether results changed before and after including baseline IFG
in the regression model. This will be reported as sensitivity analyses because the extent to which baseline IFG should be statistically controlled in our study is debatable, given that development of IFG may be in the causal pathway linking prior
neighborhood conditions to incident diabetes.25
There was no evidence of a threshold or nonlinear relationship between adjusted neighborhood conditions and type 2 diabetes. Therefore, continuous neighborhood variables were used
in regression analysis. The 2 neighborhood characteristics (physical activity and healthy food resources) were investigated separately and combined into a summary score (the mean of the 2
scores). The correlation between the 2 neighborhood scores was
high (Pearson r ⬎0.71), thereby prohibiting examination of their
independent effects. To compare associations for neighborhood variables that have different units, estimates shown correspond to differences between the 90th and 10th percentiles
of the neighborhood variable (translating to differences of 0.75
for the physical activity scale [range, 2.76-4.63], 0.88 for the
healthy foods scale [range, 2.55-4.53], and 0.71 for the summary scale [range, 2.70-4.56]). Inference remained the same
when an alternate unit, the interquartile range, was used.
Based on previous literature, we tested whether the following baseline variables modified the association between neighborhood features and incident type 2 diabetes: age, sex, income, household car ownership, and study site. We also
examined whether neighborhood effects on type 2 diabetes incidence differed by obesity at baseline, mobility patterns (exercised or shopped for food in the neighborhood [ⱕ1 mile] and
car ownership, which may suggest the degree to which participants are constrained to their neighborhood), and duration of neighborhood exposure (years of residence in the neighborhood and whether participants moved from their baseline
address). We assessed statistically significant departures from
assumptions of multiplicative and additive joint effects (relative excess risks owing to interaction26).
RESULTS

During a median of 5 years of follow-up, 233 of 2285 participants (9460 person-years) were diagnosed as having
type 2 diabetes (10.2%) (Table 2). The mean neighborhood score for physical activity was slightly higher than
for healthy foods (3.68 vs 3.36, respectively, on a scale
of 1-5). The neighborhood score was less favorable among
persons with type 2 diabetes at follow-up (combined score
of 3.45 among new type 2 diabetes cases vs 3.53 for others; t =3.67; P ⬍ .001), and persons living in worse environments generally had less favorable risk-factor profiles, income and assets, smoking status, dietary factors,
physical activity level, BMI, and baseline prevalence of
impaired glucose. There was a graded reduction in ageand sex-adjusted type 2 diabetes incidence rates with better neighborhood environments (Table 3). For example, per 1000 person-years, type 2 diabetes incidence
was 28.7, 27.0, and 16.3 among persons living in the
worst, intermediate, and best neighborhoods for being
physically active, respectively.
In adjusted analyses, established risk factors (covariates) generally showed the expected associations with
type 2 diabetes incidence, although confidence intervals (CIs) included the null for all covariates except sex
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Table 2. Type 2 Diabetes Incidence at Follow-up and Neighborhood Resources for Physical Activity and Healthy Foods a
Type 2 Diabetes b
at Follow-Up
Total
Sample

No

Yes
233

Worst

Intermediate

Best

No. of participants

2285

Age, y, mean (SD)
Men
Race/ethnicity d
White
African American
Hispanic
Family history of diabetes

62.1 (10.0)
45

Per capita household income,
per $10 000, mean (SD)
Low assets e
Education, y, mean (SD)

2.80 (1.91)

Socioeconomic Status
2.83 (1.93)
2.52 (1.74)

2.36 (1.64)

2.79 (1.80)

3.24 (2.16)

19
13.6 (3.4)

18
13.7 (3.4)

21
13.1 (3.4)

19
13.5 (3.5)

16
14.3 (3.3)

43
41
16
10
0.07 (0.96)
5.5 (8.3)
29.4 (5.6)
40

48
39
13
12
0.19 (0.94)
5.6 (6.4)
29.0 (5.5)
34

46
42
12
16
0.26 (1.03)
6.2 (7.0)
27.8 (5.0)
27

44
40
16
7

2052

Neighborhood Physical Activity
and Healthy Foods, c Summary Score

Demographic Characteristics
62.1 (10.0)
62.0 (10.1)
44
49
46
39
15
6

34
48
18
13

760

764

761

62.3 (9.8)
45

62.3 (9.7)
44

61.7 (10.5)
45

27
62
11
9

24
13.1 (3.7)

46
36
18
7

60
22
18
5

Other Risk Factors/Health Behaviors
Smoking status
Never
Former
Current
High alcohol use
Favorable diet index, f mean (SD)
Physical activity level, h/d, mean (SD)
BMI, mean (SD)
Obese at first examination, BMI ⱖ30
Diabetes at any follow-up examination b
Glucose level impaired at baseline b
Physical activity, mean (SD)
Healthy foods, mean (SD)
Summary score, mean (SD)

46
41
13
13
0.17 (0.98)
5.8 (7.3)
28.7 (5.4)
34
10
14
3.68 (0.31)
3.36 (0.36)
3.52 (0.31)

46
40
14
13
0.19 (0.99)
5.9 (7.4)
28.4 (5.2)
31

42
46
12
11
0.01 (0.90)
5.1 (6.1)
31.6 (6.2)
53

Outcome Information
90
10
9
54

13
16

Neighborhood Resources c
3.69 (0.31)
3.62 (0.29)
3.37 (0.37)
3.29 (0.34)
3.53 (0.31)
3.45 (0.29)

3.42 (0.19)
3.02 (0.18)
3.22 (0.13)

11
15
3.64 (0.13)
3.32 (0.14)
3.48 (0.07)

7
10
3.99 (0.27)
3.75 (0.27)
3.87 (0.24)

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared).
SI conversion factor: To convert glucose to millimoles per liter, multiply by 0.0555.
a Data are given as the percentage of participants unless otherwise indicated.
b Type 2 diabetes was defined according to American Diabetes Association 2003 criteria: fasting glucose level of 126 mg/dL or higher (to convert glucose to
millimoles per liter, multiply by 0.0555) or taking insulin or oral hypoglycemic agents.
c Neighborhood measures, collected from a population-based residential survey (the Community Survey; see the “Methods” section) were aggregated to census
tracts using empirical Bayes estimation. Item responses had a possible range of 1 to 5; higher scores indicate better resources. Both neighborhood characteristics
(physical activity and healthy food resources) were combined into a summary score and then classified into tertiles (worst, 2.7 to ⬍3.37; intermediate, 3.37 to
⬍3.61; best, 3.61 to 4.56).
d The Multi-Ethnic Study of Atherosclerosis enrolled ethnic Chinese, white, African-American, and Hispanic participants at 6 field sites. These analyses were
restricted to 3 sites (New York City/Bronx, city of Baltimore, and Baltimore and Forsyth Counties) that did not enroll ethnic Chinese participants.
e Defined as meeting all the following conditions: does not own home outright, does not have investments, and does not have additional property other than
primary home.
f A higher score indicates a better diet.

(men had a higher incidence), family history of diabetes, and BMI (results not shown). Higher levels of neighborhood resources that support being physically active
and having a healthy diet were associated with lower type
2 diabetes incidence and, in general, patterns were very
similar for each score separately as well as for the summary score (Table 4). After adjustment for age, sex, and
family history of diabetes, incidence of type 2 diabetes
corresponding to a difference between the 90th and 10th
percentiles was 43% lower for physical activity resources (HR, 0.57; 95% CI, 0.41-0.81) and 46% lower
for healthy food resources (0.54; 0.38-0.77). Additional
adjustment for socioeconomic status (family income and

assets) and race/ethnicity attenuated the magnitude of
the associations, but they remained statistically significant. Adjustment for high alcohol use and cigarette smoking had no additional effect on estimates (adjusted HR
corresponding to a difference between the 90th and 10th
percentiles in combined neighborhood resources was 0.62;
95% CI, 0.43-0.88). In total, the neighborhood association was further reduced by approximately 0% to 19%
after the addition of proposed mediating variables (individual physical activity level, diet, and BMI); the largest reduction was in neighborhood physical activity resources after adjustment for BMI (ie, comparing model
4 with an HR of 0.64 to model 6 with an HR of 0.7127)
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Table 3. Incidence of Type 2 Diabetes a by Tertiles of Neighborhood Scores b
Incidence per 1000 Person-Years (95% Confidence Interval)
Neighborhood Resources

Tertile 1, Worst

Tertile 2, Intermediate

Tertile 3, Best

Physical activity
Healthy foods

28.7 (23.1-35.6)
31.4 (25.7-38.4)

27.0 (21.8-33.4)
26.8 (21.6-33.2)

16.3 (12.5-21.4)
15.5 (11.8-20.4)

a Type 2 diabetes was defined according to American Diabetes Association 2003 criteria: fasting glucose level of 126 mg/dL or higher (to convert glucose to
millimoles per liter, multiply by 0.0555) or taking insulin or oral hypoglycemic agents.
b For this table, Poisson regression was used to estimate age- and sex-adjusted incidence rates (sum of events/person-years) according to neighborhood
exposures; person-years were approximated by using midpoints between clinic visits. Neighborhood measures, collected from a population-based residential
survey (the Community Survey; see the “Methods” section), were aggregated to census tracts using empirical Bayes estimation. Item responses had a possible
range of 1 to 5; higher scores indicate better resources.

Table 4. Adjusted HRs for Type 2 Diabetes Incidence Corresponding to a Difference Between the 90th and 10th Percentiles
in Neighborhood Resources
Neighborhood Resources

Physical Activity
Model No. ⴙ Progressive Adjustment
Age, a

1.
sex, family history of diabetes
2. Model 1 ⫹ income, a assets, and educational level
3. Model 2 ⫹ race/ethnicity
4. Model 3 ⫹ high alcohol intake and cigarette smoking status
5. Model 4 ⫹ physical activity level b and diet index c
6. Model 5 ⫹ BMI

Physical Activity and
Healthy Food Resources,
Summary Score

Healthy Foods

HR (95% CI)

P Value

HR (95% CI)

P Value

HR (95% CI)

P Value

0.57 (0.41-0.81)
0.61 (0.43-0.86)
0.65 (0.46-0.93)
0.64 (0.45-0.92)
0.65 (0.44-0.97)
0.71 (0.48-1.05)

.001
.005
.02
.02
.03
.09

0.54 (0.38-0.77)
0.58 (0.41-0.82)
0.63 (0.44-0.91)
0.63 (0.44-0.91)
0.58 (0.39-0.86)
0.63 (0.42-0.93)

⬍.001
.002
.01
.01
.007
.02

0.54 (0.39-0.76)
0.58 (0.41-0.81)
0.62 (0.44-0.89)
0.62 (0.43-0.88)
0.59 (0.40-0.87)
0.64 (0.44-0.95)

⬍.001
.001
.008
.007
.008
.03

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CI, confidence interval; HR, hazard ratio.
and income had nonlinear adjusted relationships with incident type 2 diabetes; therefore, regression models incorporated a quadratic term for age and
piecewise linear splines for income.
b Individual physical activity level was assessed as metabolic equivalent task-hours per day for walking and moderate and vigorous intensity sports and
conditioning activities as reported on a physical activity questionnaire.
c Individual-level dietary profiles were collected only at baseline. An individual-level diet index was compiled from baseline dietary profiles (see the “Methods”
section).
a Age

(Table 4). Reductions were similar when time-varying
covariates were used (data not shown).
Results were similar after including baseline IFG in
the regression model (adjusting for age, sex, family history of diabetes, socioeconomic status, race/ethnicity,
smoking status, and alcohol use: HR, 0.62; 95% CI, 0.430.87; additional adjustment for physical activity level, dietary factors, and BMI [not shown in tables]: 0.60; 0.410.88). In general, sensitivity analyses yielded similar results
when models were fit with time-varying covariates and
when robust sandwich estimators were used to allow for
within-neighborhood correlations in the response.
Neighborhood resources had a stronger inverse association with type 2 diabetes incidence for persons
younger than 60 years at baseline (approximate median
age); however, a protective relationship was suggested
for both groups (baseline age ⬍60 years: HR, 0.38; 95%
CI, 0.20-0.70 vs baseline age ⱖ60 years: 0.78; 0.481.25; P for multiplicative interaction=.02; P for additive
interaction=.57; adjusted for sex, family history of diabetes, socioeconomic status, race/ethnicity, smoking
status, and alcohol use). There was no significant
heterogeneity by sex, obesity at baseline, study site, and
mobility patterns (car ownership, distance traveled
from home for food shopping, distance traveled from

home for exercise; data not shown; P for multiplicative
and additive interactions ⱖ.09). There was no significant heterogeneity by duration of years lived in a neighborhood or whether the participant relocated during
the study follow-up period (interaction P⬎.20). During
the study period, 17% of participants moved out of
their baseline neighborhood but relocated to neighborhoods that shared similar characteristics (Pearson correlation between pre- and postmove neighborhood
scores, r=0.60).
COMMENT

In this cohort study, the features of residential environment that support physical activity and healthy
diets were associated with lower incidence of type 2
diabetes during 5 years of follow-up. Associations
between type 2 diabetes incidence and residential
environment persisted after adjustment for individuallevel variables, including age, sex, family history of
diabetes, socioeconomic characteristics, smoking status, alcohol intake, physical activity level, and dietary
factors. They were slightly reduced after additional
adjustment for baseline BMI.
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Considering the distal relationship between residential conditions and their biological manifestations, it is
noteworthy that we found an effect of such large magnitude: at least 36% lower diabetes incidence during 5
years’ follow-up corresponding to a difference between
the 90th and 10th percentiles in physical activity and food
environments (or a 20% lower diabetes incidence when
the neighborhood unit represented the interquartile
range). The strength of the association was considerable and equivalent to a reduction in type 2 diabetes incidence associated with a BMI of 5 values lower in this
sample. Associations of neighborhood resources with incident diabetes even persisted after controlling for baseline elevated glucose levels.
Our analyses only weakly suggested that individuallevel dietary factors, physical activity level, and BMI were
intermediaries in the association between neighborhood resources and diabetes incidence. This may reflect
measurement error for individual health behaviors, which
are notoriously difficult to measure. In addition, health
behaviors were not measured at each follow-up visit (eg,
dietary factors were measured only at baseline). Furthermore, teasing apart specific mediating pathways is difficult because of the distal relationships and time lags involved, as well as problems inherent in separating direct
and indirect effects in regression analyses.28,29 Future
analyses are being planned that will improve investigation of these intermediaries by examining direct associations between neighborhood resources and these hypothesized mediators (work that was outside the scope
of this study) and by using forthcoming data collected
over a longer follow-up period.
One of the strengths of the neighborhood data we used
is that we assessed multiple dimensions of specific aspects
of the physical environment that plausibly have direct relevance to the development of diabetes. The extent to which
availability of resources relates to resource utilization remains a complex question that this study did not answer.
However, our data ascertained neighborhood resource access, quality, quantity, and diversity, factors that impact
population-level resource utilization.30-32
This study followed up participants for 5 years. However, type 2 diabetes develops slowly over a long period,
making long-term chronic exposures most relevant. Most
participants had resided in their neighborhoods for a long
time (median, 17 years at baseline); therefore, to the extent that neighborhood environments remain stable over
time, participants may have had long-term exposure to
resources in their neighborhood. Although some participants moved out of their baseline neighborhood during the study, they tended to relocate to neighborhoods
that shared similar characteristics, and there was high correlation between pre- and postmove neighborhood scores.
Neighborhood effects on the incidence of type 2 diabetes were similar between movers and nonmovers.
Among the strengths of this study are that we assessed incident diabetes during multiple follow-up visits among a large, multisite, population-based, multiethnic sample. Very few studies have examined the effects
of neighborhood resources on incident disease. Nevertheless, this study is subject to well-known limitations
of using observational data for causal inference.33 For ex-

ample, there is the possibility that residual confounding
and self-selection into neighborhoods could account for
some of the observed results (eg, active individuals tend
to self-select neighborhoods that are suitable for being
physically active).34,35 We used causal diagrams36 to anticipate important confounders and carefully adjusted for
a number of individual-level variables. The ability of persons to self-select neighborhoods likely depends on personal characteristics (eg, income and race/ethnicity); therefore, we adjusted for these variables in multivariable
regression. Replication of our results would increase confidence in our findings, and we encourage future research using a variety of study designs and methods to
examine the effects of neighborhood resources on incident diabetes. Future research could evaluate changes in
neighborhood environments via quasi-experiments (ie,
“natural experiments”) or through specifically designed
randomized trials. Yet, even those study designs can be
suboptimal for answering our research question because there are logistical and ethical concerns as well as
limitations to generalizability.37 Therefore, it is likely that
multiple types of evidence, including observational data,
will be needed to determine the desirability and effectiveness of policy interventions targeting neighborhood
environments.
The prevalence of type 2 diabetes has increased substantially in the past 30 years. This makes it all the more
urgent to identify environmental features that may mitigate risk of type 2 diabetes. Our results are consistent with
the hypotheses that improving environmental features
such as having nearby, pleasant, safe destinations within
walking distance and improving the availability of healthy
foods may halt increases in type 2 diabetes incidence.
Many urban environments have developed with insufficient consideration for the ways that environments can
promote or discourage healthy behaviors. Current efforts to foster health-promoting environments include designing and modifying physical environments, such as
zoning residential neighborhoods to require safe sidewalks, creating parks and attractive public green spaces,
and improving public transportation so that residents rely
less on their cars38; supporting fresh-food farmers’ markets in low-income, urban neighborhoods; and assisting stores in those neighborhoods in improving their selection of healthy foods.39,40 There is unlikely to be a
panacea for the obesity epidemic and rising epidemic of
type 2 diabetes. However, altering our environments so
that healthier behaviors and lifestyles can be easily chosen may be one of the key steps in arresting and reversing these epidemics.
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