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Abstract

IMPORTANCE—Neighborhood environments may influence the risk for developing type 2
diabetes mellitus (T2DM), but, to our knowledge, no longitudinal study has evaluated specific
neighborhood exposures.

OBJECTIVE—To determine whether long-term exposures to neighborhood physical and social
environments, including the availability of healthy food and physical activity resources and levels
of social cohesion and safety, are associated with incident T2DM during a 10-year period.
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DESIGN, SETTING, AND PARTICIPANTS—We used data from the Multi-Ethnic Study of
Atherosclerosis, a population-based cohort study of adults aged 45 to 84 years at baseline (July 17,
2000, through August 29, 2002). A total of 5124 participants free of T2DM at baseline underwent
5 clinical follow-up examinations from July 17, 2000, through February 4, 2012. Time-varying
measurements of neighborhood healthy food and physical activity resources and social
environments were linked to individual participant addresses. Neighborhood environments were
measured using geographic information system (GIS)- and survey-based methods and combined
into a summary score. We estimated hazard ratios (HRs) of incident T2DM associated with
cumulative exposure to neighborhood resources using Cox proportional hazards regression models
adjusted for age, sex, income, educational level, race/ethnicity, alcohol use, and cigarette smoking.
Data were analyzed from December 15, 2013, through September 22, 2014.

MAIN OUTCOMES AND MEASURES—Incident T2DM defined as a fasting glucose level of
at least 126 mg/dL or use of insulin or oral antihyperglycemics.

RESULTS—During a median follow-up of 8.9 years (37 394 person-years), 616 of 5124
participants (12.0%) developed T2DM (crude incidence rate, 16.47 [95% Cl, 15.22-17.83] per
1000 person-years). In adjusted models, a lower risk for developing T2DM was associated with
greater cumulative exposure to indicators of neighborhood healthy food (12%; HR per
interquartile range [IQR] increase in summary score, 0.88 [95% CI, 0.79-0.98]) and physical
activity resources (21%; HR per IQR increase in summary score, 0.79 [95% CI, 0.71-0.88]), with
associations driven primarily by the survey exposure measures. Neighborhood social environment
was not associated with incident T2DM (HR per IQR increase in summary score, 0.96 [95% Cl,
0.88-1.07]).

CONCLUSIONS AND RELEVANCE—Long-term exposure to residential environments with
greater resources to support physical activity and, to a lesser extent, healthy diets was associated
with a lower incidence of T2DM, although results varied by measurement method. Modifying
neighborhood environments may represent a complementary, population-based approach to
prevention of T2DM, although further intervention studies are needed.

Type 2 diabetes mellitus (T2DM) is an important cause of death and disability worldwide.!
Causes of the growing epidemic have been attributed to obesity, specific dietary patterns
(eg, diets with a high glycemic load), physical inactivity, and to a lesser extent, smoking,
alcohol use, and stress.2-® Prevention of T2DM, therefore, has focused largely on behavioral
modification.3"-2 However, the extent to which individual behavioral modifications will
succeed in unsupportive environments remains unknown.

A growing body of research linking health behaviors1® and risk factors for chronic
diseasel1-13 to environmental features has suggested that altering environments may foster
behavioral changes.* Neighborhood physical environments, including access to healthy
food and physical activity (PA) resources, may influence individual diet and exercise
levels.1516 Similarly, local social norms and concerns about neighborhood safety might
affect behaviors and stress.1718 Modifying environmental resources to support healthy diets,
PA, and lower stress levels may therefore aid in prevention of T2DM.

Most prior research linking environmental features to T2DM has been cross-sectional,
which limits causal conclusions.14.19-21 The few longitudinal studies that exist have been
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unable to evaluate long-term neighborhood exposures as they relate to incident T2DM,
further limiting causal inference.22:23 One randomized study (Moving to Opportunity) that
relocated low-income families from high-poverty to low-poverty neighborhoods24 showed
that changing neighborhood environments led to a reduced prevalence of obesity and
T2DM. However, the study neither answer the equally policy relevant question regarding
how the environment where people continually live, rather than residential relocation,
influences their risk for developing T2DM, nor did it indicate which neighborhood features
may be most important.24 Longitudinal studies that seek to identify the specific components
of neighborhoods that influence development of T2DM are thus warranted.

No study, to our knowledge, has evaluated prospectively whether cumulative exposures to
specific neighborhood features are related to incident T2DM in a large, multiethnic,
geographically distributed sample. To that end, we investigated whether long-term
exposures to neighborhood physical and social environments, including the availability of
healthy food and PA resources and levels of social cohesion and safety, are associated with
the development of T2DM during a 10-year period.

Study Population and Analytic Sample

Beginning in 2000, the Multi-Ethnic Study of Atherosclerosis (MESA) recruited
noninstitutionalized adults (aged 45-84 years) who self-identified as white, black, Hispanic,
or Chinese from 6 locations (New York, New York; Baltimore, Maryland; Forsyth County,
North Carolina; Chicago, lllinois; St Paul, Minnesota; and Los Angeles, California).2>
People with clinical cardiovascular disease were excluded. The first examination took place
from July 17, 2000, through August 29, 2002, and 4 follow-up examinations occurred a
mean of 1.6, 3.1, 4.8, and 9.5 years later. Retention rates were 92.4% (6239 of 6754
individuals), 89.2% (5946 of 6668 individuals), 86.8% (5704 of 6572 individuals), and
75.7% (4655 of 6149 individuals), respectively. Written informed consent was obtained
from the participants, and the study was approved by institutional review boards at each site.

For this analysis of incident T2DM, we used data from the ancillary MESA Neighborhood
Study.26 Of the 6814 individuals enrolled at baseline, 6191 agreed to participate in the
MESA Neighborhood Study. We excluded individuals with prevalent T2DM at baseline (n =
736) and those with missing exposure, outcome, or covariate data (n = 331), leaving 5124
individuals available for analyses.

Type 2 Diabetes Mellitus

Incident T2DM was determined at each examination according to the 2003 criteria of the
American Diabetes Association,2” which included a fasting plasma glucose level of at least
126 mg/dL (to convert to millimoles per liter, multiply by 0.0555) or the use of oral
antihyperglycemics or insulin. Glucose levels were measured from blood samples taken
after a 12-hour fast as previously described.28 The use of oral antihyperglycemics and
insulin was assessed by visual inspection of medications or by self-report on the study
questionnaire.

JAMA Intern Med. Author manuscript; available in PMC 2016 August 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Christine et al.

Page 4

Neighborhood Physical and Social Environments

Covariates

Neighborhood healthy food and PA resources were assessed in 2 ways using methods
consistent with prior studies.19:26.29-31 First we constructed geographic information system
(GIS)-based measures of access to food stores more likely to sell healthier foods
(supermarkets and fruit and vegetable [FV] markets) and commercial recreational
establishments (facilities for indoor conditioning, dance, bowling, golf, team and racquet
sports, and water activities) using annual information from the National Establishment Time
Series database for the years 2000 through 2012 (Table 1 and eAppendix 1 in the
Supplement).32 For simplicity, these measures will be termed GIS-based supermarkets and
FV markets and Gl S-based commercial recreational establishments. Simple densities per
square mile were created for 1-mile buffers around each participant’s residence using
software for GIS data (ArcGIS, version 9.3; Esri) (to convert miles to kilometers, multiply
by 1.6). Densities were matched to participants annually such that changes over time
occurred whenever neighborhood resources changed or a participant moved. One-mile
densities were chosen as proxies for neighborhoods based on an area in which most
individuals could reasonably walk and on federal government definitions of access to
services.33

As a complementary measure, we also used survey-based measures of neighborhood
environments collected in 2003 through 2005 and 2010 through 2012 from MESA
participants and an independent, but colocated, sample of non-MESA participants recruited
from the same census tracts via random-digit dialing or list-based sampling.26 Respondents
were asked to rate the area within a 1-mile or a 20-minute walk of their home with respect to
availability of healthy foods and walking environment. Social environment was also
assessed using scales for safety and social cohesion (Table 1 and eAppendix 1 in the
Supplement). We calculated the mean of survey responses within 1 mile of each
participant’s residential address, excluding their own responses, to create neighborhood
measures and assigned them based on the closest survey time. A median of 78 responses
were available within a 1-mile buffer (eTable 1 in the Supplement). All survey scales had
good internal consistency (Cronbach a, 0.64-0.83) and ecometric properties (neighborhood
reliabilities, 0.38-0.53).26

Because different measures (eg, GIS- and survey-based data for healthy food and PA
environments and safety and social cohesion scales for social environment) may reflect
different aspects of the same environmental construct, we also calculated summary measures
by summing the standardized component measures for healthy food, PA, and social
environments (eAppendix 1 in the Supplement). The summary measures had good internal
consistency for PA (a = 0.68) and social environments (a = 0.78) but internal consistency
for the healthy food environment was lower (o = 0.39). Pearson product moment
correlations between the GIS- and survey-based measures were 0.30 for food environment
and 0.57 for PA environment.

Covariates measured at baseline included age, sex, race/ethnicity, educational level, family
history of T2DM, and the presence of chronic stress (>6 months of serious financial, health,
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job, or relationship problems). Time-varying information included household income per
capita, alcohol consumption (none, moderate, or heavy according to established
guidelines),3* and smoking status (current, former, or never). Potential mediators of the
association of neighborhood resources and T2DM, including body mass index (BMI)
(calculated as weight in kilograms divided by height in meters squared), diet quality, and
PA, were assessed via clinical examinations (BMI) and questionnaires (eAppendix 2 in the
Supplement). At the neighborhood level, a time-varying socioeconomic index
(neighborhood socioeconomic status [SES]) was developed using principal component
analysis of census tract data from the US Census®® and American Community Surveys36:37
and linked to each participant’s address at their closest examination date (eAppendix 3 in the
Supplement).

Statistical Analysis

We performed descriptive analyses of individual-level variables by T2DM status and tertiles
of the summary neighborhood exposures from December 15, 2013, through September 22,
2014. Crude incidence rates across tertiles of each neighborhood exposure were calculated
using Poisson regression. Cox proportional hazards regression models were used to estimate
the hazard ratio (HR) of T2DM for each neighborhood exposure separately. Individuals
were considered at risk until the diagnosis of T2DM, last follow-up visit, or administrative
censoring at examination 5, whichever occurred first. Incident cases of T2DM were assigned
to the midpoint between their previous T2DM-free and current examination dates. Because
longterm neighborhood exposures are most relevant for slowly developing diseases like
T2DM, we parameterized our exposures as time-varying cumulative means, defined as the
mean across all months from the baseline to each follow-up examination. Although our
outcome is censored by intervals, we elected to use Cox proportional hazards regression
models because of our interest in time-varying exposures, which are not easily included in
interval-censored models.38 Clustering within census tracts was accounted for by computing
robust SEs.

Potential confounders were defined a priori and entered into models in stages. Our primary
models adjusted for age, sex, family history of T2DM, per capita household income,
educational level, race/ethnicity, smoking status, and alcohol consumption. Additional
models were adjusted for neighborhood SES although it is debatable whether SES is a cause
or a consequence of some neighborhood exposures (eg, safety).3940 To examine whether
BMI, diet, and/or PA mediate the association between neighborhood resources and T2DM,
we compared HRs before and after adjustment for these measures.41:42

We evaluated the proportional hazard assumption by plotting Schoenfeld residuals3® against
time and found no violations. We found limited evidence of nonlinearity for neighborhood
exposures in adjusted Cox proportional hazards regression models, permitting their inclusion
as continuous variables. To facilitate comparisons across exposures with different scales, we
estimated HRs for an interquartile range (IQR) increase in the neighborhood exposure.
These IQRs corresponded to increases of 2.2 supermarkets and/or FV markets and 3.2
commercial recreational establishments for GIS-based exposures, and from 0.3- to 0.7-unit
increases for survey-based exposures. To aid replication and comparison with other studies,
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we also ran models that parameterized all exposures for 1-unit increases (eTable 2 in the
Supplement).

Based on prior findings in the literature, we evaluated effect modification of the summary
measures by age at baseline, sex, and household income per capita using interaction
terms.13:14.23 Because residential environments are hypothesized to be especially salient for
individuals with highly stressful lives,*3 we also evaluated effect modification by the
presence of chronic stress.

We performed several sensitivity analyses. First, we ran interval-censored parametric
survival models with a Weibull distribution38 to assess sensitivity to our modeling approach.
We also explored alternative exposure specifications using different geographic (3-mile
buffer for GIS measures and census tracts for survey measures) and time (1-year lagged
exposures for GIS measures; survey measures unavailable annually) scales. Because
population density and regional norms may affect health behaviors independently of
neighborhood resources, 244 we ran additional models controlling for population density
and study site. To help control for unmeasured confounding at the neighborhood level, we
ran shared frailty models with random intercepts for each census tract (eTable 3 in the
Supplement).4546 Finally, although long-term neighborhood exposures are likely most
relevant for T2DM risk, we examined baseline and change since baseline exposure measures
to evaluate how these parameterizations were related to T2DM risk (eAppendix 4 in the
Supplement provides details).

During a median of 8.9 years (37 394 person-years), 616 of 5124 participants (12.0%)
developed T2DM (crude incidence rate, 16.47 [95% CI, 15.22-17.83] per 1000 person-
years). Compared with participants who did not develop T2DM, incident cases were more
likely to be black or Hispanic and to have lower baseline household income, fewer years of
education, less healthy diets, lower levels of moderate and vigorous PA, a higher BMI, and a
family history of T2DM (Table 2). Participants developing T2DM also lived in poorer
census tracts.

Neighborhood physical and social resources were highly patterned by race, diet, PA levels,
BMI, and neighborhood SES, such that racial or ethnic minorities and those with greater risk
factor profiles were generally more likely to reside in neighborhoods with fewer resources
(Table 3). Temporal changes in neighborhood exposures varied by exposure type, ranging
from mean 10-year changes of 2.01 for GIS-based commercial recreational establishments
to —0.20 for GIS-based supermarkets and FV markets (eTable 4 in the Supplement). At
baseline, the median duration of neighborhood residence was 15 years, and 1642 individuals
(32.0%) moved during follow-up.

Higher baseline summary measures of neighborhood PA, social environment, and to a lesser
extent, healthy food resources were associated with lower crude rates of T2DM (Table 4).
For instance, participants residing in neighborhoods in the bottom tertile of summary PA
environment developed T2DM at nearly double the rate of those living in neighborhoods in
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the top tertile (incidence rates, 20.5 and 11.8 per 1000 person-years, respectively). The GIS-
based supermarkets and FV markets and social cohesion exposures were not related to
T2DM incidence rates.

After adjustment for baseline age, sex, income, educational level, race/ethnicity, alcohol use,
and smoking status (model 1), an IQR increase in cumulative exposure to survey-based
healthy food resources was associated with a 16% lower risk for T2DM (HR, 0.84 [95% ClI,
0.76-0.93]), but no association was found using the G1S-based measure (HR, 0.99 [95% CI,
0.94-1.04]) (Figure). An IQR increase in the summary healthy food environment measure
was associated with a 12% lower risk for developing T2DM (HR, 0.88 [95% Cl,
0.79-0.98]). Further adjustment for neighborhood SES (model 2) attenuated the associations
(Figure). For PA environments, greater cumulative exposure to neighborhoods with
resources supporting PA was inversely associated with T2DM incidence; IQR increases in
GIS-based, survey-based, and summary environmental measures were associated with 4%
(HR, 0.96 [95% ClI, 0.92-0.99]), 21% (HR, 0.79 [95% CI, 0.71-0.88]), and 21% (HR, 0.79
[95% CI, 0.69-0.90]) lower risk for T2DM, respectively. Adjusting for neighborhood SES
attenuated the GIS-based association but left the other associations virtually unchanged.
Social cohesion, safety, and the summary measure for social environment were largely
unassociated with the risk for T2DM (HR per IQR increase [95% CI]: 0.99 [0.88-1.10]; 0.92
[0.80-1.05]; and 0.96 [0.86-1.07], respectively). Further adjustment of models for BMI, diet,
and PA as potential mediators demonstrated minimal attenuation of most associations
(<25%; eTable 5 in the Supplement).

Neighborhood healthy food resources had a stronger inverse association with T2DM among
participants who were younger, had higher incomes, and reported a chronic stress burden (P
< .06 for multiplicative and additive interaction; eFigure in the Supplement). Similarly, the
inverse association between neighborhood PA resources and T2DM was stronger in
participants with higher incomes (P = .07 and P = .04 for multiplicative and additive
interaction, respectively). Neighborhood social environment was inversely associated with
T2DM in women but not men and in low-income but not high-income participants (P < .07
for multiplicative and additive interaction).

Sensitivity analyses demonstrated qualitatively similar findings when using interval-
censored survival methods, different exposure specifications, controls for population density
and study site, shared frailty models, and adjustment for baseline risk factors for T2DM
(eTables 3, 6, and 7 in the Supplement). Alternative modeling strategies showed that
baseline and change in neighborhood exposure levels were associated with incident T2DM
in the expected (inverse) direction for survey-based measures although results were
imprecise (eTable 8 in the Supplement). Baseline levels, but not change, were associated
with T2DM for GIS-based commercial recreational establishments.

Discussion

In this large multiethnic cohort, long-term exposure to residential environments with greater
resources to support PA and to a lesser extent healthy diets was associated with a lower
incidence of T2DM during the 10-year study. The associations were generally robust to
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adjustment for other risk factors and model specifications although associations were
primarily found with survey-based, but not GIS-based, exposures. Inclusion of BMI, diet,
and PA as hypothesized mediators only modestly attenuated the relationships. Neighborhood
safety and social cohesion were largely unassociated with the development of T2DM.

Unlike previous studies of residential environments and T2DM,19:24 we measured specific,
time-varying features of participants’ neighborhoods using complementary measures.
Geographic proximity to commercial recreational establishments and greater survey-based
assessments of the walking environment were inversely associated with T2DM incidence.
Previous work using the MESA cohort has demonstrated that an increase in commercial PA
resources is associated with less age-related decline in PA.#8 Other studies have found that
residential relocation to neighborhoods more supportive of PA is associated with increased
levels of PA, independently of reasons for relocation.4950 Our study suggests that such
neighborhood associations with PA behavior may translate to reduced risk for T2DM.

We found that geographic proximity to supermarkets and FVV markets had no association
with T2DM incidence. This finding is consistent with recent observational and quasi-
experimental evidence demonstrating that simply improving retail food infrastructure may
not translate into healthier diets and decreased risk for chronic diseases.?1->3 On the other
hand, survey-based measures of the local food environment were associated with T2DM,
suggesting that such measures may take into account other factors like the affordability and
quality of food that are known to influence diet and T2DM risk.24-56

Finally, although social features of residential environments have been hypothesized to be
related to obesity and T2DM through their association with health behaviors and stress,1718
we find limited support for these relationships. Additional research with alternative exposure
measures is needed to further clarify the role of the social environment.

Although the use of multiple modalities for measuring neighborhood environments is a
strength in our study, the difference in the associations for GIS- and survey-based measures
of the food and PA environments are noteworthy. The most likely explanation for the
discrepancies is that the GIS counts and survey responses measure different aspects of the
same construct.10 For instance, our survey-based PA exposure assesses noncommercial
neighborhood features related to walkability and aesthetics not captured in the GIS-based
measures. Neighborhood residents also likely consider unmeasured attributes such as cost or
quality that are not captured with simple counts from tax parcel data.>” Differences between
the GIS- and survey-based associations also could be the result of reverse causation if
individuals with less interest in healthy food or PA resources are less likely to perceive that
such resources are available. We think this reverse causation is unlikely for the following 2
reasons: the neighborhood survey assesses community ratings of the local environment (with
a median of 78 residents in an area of 1 square mile from whom mean responses were
calculated), and we excluded an individual’s survey response from their own exposure
measure. Nonetheless, future research would benefit from including multiple measures of
the same neighborhood environmental constructs to further understand the most relevant
features for T2DM risk.
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We observed differences in the associations between neighborhood features and T2DM
according to individual characteristics, although given the multiple comparisons assessed,
caution should be exercised in interpreting the results. Household income appeared to be a
consistent effect modifier such that increased healthy food and PA resources were more
beneficial to high-income households than to low-income households. For low-income
households, growing evidence suggests factors like cost may trump geographic proximity to
healthy food and PA resources.?8:° The social environment demonstrated the opposite
pattern, whereby increasing safety and social cohesion was associated with lower T2DM
risk in low-income but not high-income households. Community safety and social
relationships have been associated with BMI and PA in several studies,®0-63 but further work
is needed to understand if and why such associations may differ by income. The presence of
chronic stressors also modified the association for healthy food environments such that
increasing healthy food resources were associated with lower T2DM risk for those with
chronic stressors. We are unaware of other studies evaluating this question although our
findings are consistent with those in the literature that suggest environmental resources may
be especially salient for individuals experiencing chronic stress.*3

Models adjusting for BMI as a mediator modestly attenuated the associations between
residential healthy food and PA environments and T2DM incidence. Such modest
attenuation is not surprising given the long-term nature of T2DM development®4 and the
difficulty in separating direct and indirect effects in standard regression analyses.5:66 Diet
and PA are also notoriously difficult to measure precisely, and measurement error can
distort the magnitude of mediation observed.5” Further work focusing specifically on
mediation is warranted to quantify the behavioral and biological pathways through which
features of the neighborhood environment may influence the risk for T2DM.

The primary strength of our study is the longitudinal measurement of specific features of
neighborhood environments and T2DM status over time in a multiethnic sample. Given that
T2DM develops during a protracted period, such long-term exposure measures are more
relevant than simple cross-sectional exposures. Furthermore, using multiple measures for
specific environmental features has several advantages. First, such measures can be used to
evaluate which features may be most critical for mitigating T2DM risk, rather than focusing
solely on neighborhood SES, which may be a proxy for many interrelated neighborhood
features.%8 Second, specific measures of neighborhood environments may be less susceptible
to problems of endogeneity or reverse causation, wherein the characteristics of a
neighborhood environment are simply the result of the individual attributes and preferences
of residents.58 Finally, prospective collection of covariate information allowed for updating
of confounding variables.

The study also has several limitations. As with all observational studies of neighborhood
exposures, residential self-selection, wherein individuals with certain risk profiles select to
live in certain neighborhoods, may bias the associations reported.5% Although we attempted
to minimize such bias by including individual-level variables related to neighborhood
selection,”® unobserved or mismeasured characteristics may influence neighborhood
exposure and the risk for T2DM. Further use of experimental, quasi-experimental, and
observational data with different methods may help to increase our confidence in the
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associations observed. Other exposures, such as neighborhood traffic safety and availability
of green spaces or those encountered near work or during a commute (eg, food stores), may
also be relevant to T2DM risk.14.71.72 Finally, 1494 of 6149 eligible MESA participants
(24.3%) were lost to or unavailable for follow up by examination 5, raising the possibility of
bias owing to informative censoring. Dropout was not highly patterned by neighborhood
exposures, however, making this bias less likely.

Conclusions

The prevalence of T2DM continues to increase in the United States despite its preventability
through behavioral modifications.”:? Although individualized prevention and treatment
approaches are necessary to decrease the burden of T2DM, environmental modifications that
promote healthy behaviors represent a complementary, perhaps prerequisite, population
health approach. Our results suggest that modifying specific features of neighborhood
environments, including increasing the availability of healthy foods and PA resources, may
help to mitigate the risk for T2DM although additional intervention studies with measures of
multiple neighborhood features are needed. Such approaches may be especially important
for addressing disparities in T2DM given the concentration of low-income and minority
populations in neighborhoods with fewer health-promoting resources.”3-7>
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HR (95% CI)

Figure. Adjusted Hazard Ratios (HRs) for Type 2 Diabetes Mellitus (T2DM) Incidence
Corresponding to an Interquartile Range (IQR) Increase in Exposureto Neighbor hood
Resour ces, 2000 to 2012

Model 1 adjusts for baseline age, sex, family history of T2DM, household per capita
income, educational level, smoking status, and alcohol use. Model 2 adjusts for all
covariates in model 1 and adds neighborhood socioeconomic status. All exposures
correspond to cumulative mean exposures over time. An IQR increase in exposure
corresponds to the following changes for each exposure: 2.2 for geographic information
system (GI1S)-based supermarkets and/or fruit and vegetable (FV) markets; 0.6 for survey-
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based healthy food resources; 2.1 for combined healthy food resources; 3.2 for GIS-based
commercial recreational establishments; 0.4 for survey-based physical activity (PA); 1.2 for
combined PA; 0.3 for social cohesion; 0.7 for safety; and 2.0 for combined social
environment.
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Neighborhood M easur es for Healthy Food and PA Resour ces and Social Environments’

Neighborhood Summary b

and Component M easur

es Scale

Healthy food environment Sum of standardized component measures

summary score

GIS-based density
of supermarkets and/or
FV markets

No. of food stores likely to sell healthier foods
(supermarkets, FV markets) per square mile

Survey-based healthy
food availability

Likert scale, 1-5 (eg, “A large selection
of fresh fruits and vegetables is available
in my neighborhood.”)

PA environment
summary score

Sum of standardized component measures

GIS-based density
of commercial
recreational
establishments

No. of commercial recreational establishments
(gyms, pools, etc) per square mile

Survey-based walking
environment

Likert scale, 1-5 (eg, “My neighborhood offers
many opportunities to be physically active.”)

Social environment
summary score

Sum of standardized component measures

Survey-based
social cohesion

Likert scale, 1-5 (eg, “People in my
neighborhood can be trusted.”)

Survey-based safety

Likert scale, 1-5 (eg, “I feel safe walking
in my neighborhood, day or night.”)

Abbreviations: FV, fruit and vegetable; GIS, geographic information system; PA, physical activity; T2DM, type 2 diabetes mellitus.

aData are from the Neighborhood Multi-Ethnic Study of Atherosclerosis, 2000 to 2012.25

b . - .
All measures are constructed such that higher values indicate more favorable environments.
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Table 2

Baseline Sociodemogr aphic, Behavioral, and T2DM Risk Factor Characteristics’

T2DM Developed During Follow-up

Total Sample Yes No
Characteristic (N =5124) (n =616) (n =4508)
Sociodemographic
Age, mean (SD), y 60.7 (9.9) 60.9 (9.6) 60.7 (9.9)
Female, No. (%) 2747 (53.6) 325 (52.8) 2422 (53.7)
Race/ethnicity, No. (%)b
White 2168 (42.3) 190 (30.8) 1978 (43.9)
Black 1311 (25.6) 190 (30.8) 1121 (24.9)
Hispanic 1041 (20.3) 161 (26.1) 880 (19.5)
Chinese American 604 (11.8) 75 (12.2) 529 (11.7)
Household per capita income per $10 000, mean (SD) 51.8 (34.4) 48.0 (32.5) 52.4 (34.6)
Educational level, mean (SD), y 13.4(3.8) 13.0 (4.0) 13.5(3.8)
Behavioral and risk factors for T2DM
Smoking status, No. (%)
Former 1892 (36.9) 234 (38.0) 1658 (36.8)
Current 650 (12.7) 70 (11.4) 580 (12.9)
Alcohol use, No. (%)C
Moderate 1582 (30.9) 152 (24.7) 1430 (31.7)
Heavy 419 (8.2) 29 (4.7) 390 (8.7)
Alternative Healthy Eating Index 2010, mean (SD)d 52.1 (11.7) 50.8 (11.4) 52.2 (11.8)
Intentional PA, No. (%)e
Low 1821 (35.5) 248 (40.3) 1573 (34.9)
Middle 1599 (31.2) 186 (30.2) 1413 (31.3)
High 1704 (33.3) 182 (29.5) 1522 (33.8)
BMI, No. (%)
18.0-24.9 (normal) 1568 (30.6) 77 (12.5) 1491 (33.1)
25.0-29.9 (overweight) 2044 (39.9) 221 (35.9) 1823 (40.4)
230.0 (obese) 1512 (29.5) 318 (51.6) 1194 (26.5)
Family history of T2DM, No. (%) 1791 (35.0) 298 (48.4) 1493 (33.1)
Neighborhoodf
Socioeconomic index, mean (SD) 0.5(1.3) 0.2(1.2) 0.6 (1.3)
Healthy food environment, median (IQR)
GIS-based supermarkets and/or FV markets 1.0(2.2) 1.0 (1.9) 1.0(2.2)
Survey-based measure 35(0.7) 3.4(0.6) 3.5(0.7)
Summary measure -0.2(2.1) -0.4 (2.0) -0.3(2.2)
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T2DM Developed During Follow-up

Total Sample Yes No
Characteristic (N =5124) (n =616) (n = 4508)

PA environment, median (IQR)

GIS-based commercial recreational establishments 1.9(2.9) 1.9 (2.7) 2.1(2.9)

Survey-based measure 3.9(0.4) 3.8(0.3) 3.9(0.4)

Summary measure -0.1(1.2) -0.5(1.0) -0.4(1.2)
Social environment, median (IQR)

Survey-based social cohesion 3.5(0.3) 3.5(0.4) 3.5(0.3)

Survey-based safety 3.7(0.7) 3.6(0.7) 3.7(0.7)

Summary measure -0.0(2.1) -0.1(2.5) -0.0 (2.0)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in square meters); FV, fruit and vegetable; GIS,
geographic information system; PA, physical activity; T2DM, type 2 diabetes mellitus.

aData are from the Neighborhood Multi-Ethnic Study of Atherosclerosis, 2000to 2012.25
bPercentages have been rounded and may not total 100.

Defined according to National Institute on Alcohol Abuse and Alcoholism definitions for men and women. Moderate drinking is defined as no
more than 4 drinks on any single day and no more than 14 drinks per week for men, and no more than 3 drinks on any single day and no more than
7 drinks per week for women. Heavy drinking is defined as consumption in excess of moderate.

The Alternative Healthy Eating Index 2010 is designed to capture a healthy diet and was compiled based on a food frequency questlonnz;ure.47
The index ranges from 2.5 to 87.5, with higher scores indicating a better-quality diet (high intake of fruits, vegetables, soy, protein, white meat,
cereal fiber, polyunsaturated fat, and multivitamins and lower intake of alcohol, saturated fat, and red meat). Data were missing for 595
participants.

eRefers to moderate and vigorous intentional PA, including walking for exercise, dance, team sports (eg, basketball, softball), dual sports (eg,
tennis), individual activities (eg, golf, yoga), and conditioning activities (eg, running, swimming, cycling). Physical activity is measured in

metabolic equivalent of task minutes per week and is categorized into tertiles for descriptive purposes.

fNeighborhood characteristics are explained in the Neighborhood Physical and Social Environments subsection of the Methods section and in
eAppendix 1 in the Supplement.
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Table 4
CrudeIncidence Rates of T2DM by Tertiles of Neighborhood M easures at Basdline”

Tertile, Incidence per 1000 Per son-years (95% CI)

1duasnuen Joyiny

1duosnuen Joyiny

Neighborhood Measure

Low

Middle

High

Healthy food environment

GIS-based supermarkets or FV markets

17.9 (15.7-20.4)

15.8 (13.7-18.1)

15.8 (13.7-18.1)

Survey-based

17.5 (15.3-20.0)

19.8 (17.5-22.5)

12.1 (10.3-14.1)

Summary

16.9 (14.8-19.3)

18.2 (16.0-20.8)

14.3 (12.3-16.6)

PA environment

GIS-based commercial recreational establishments

20.3 (17.8-23.3)

14.6 (12.8-16.7)

15.4 (13.4-17.8)

Survey-based

20.8 (18.4-23.5)

17.8 (15.6-20.3)

10.6 (9.0-12.7)

Summary

20.5 (18.2-23.2)

17.1 (15.0-19.6)

11.8 (10.0-13.8)

Social environment

Survey-based social cohesion

18.5 (16.3-21.1)

14.6 (12.7-16.9)

16.3 (14.2-18.8)

Survey-based safety

18.7 (16.5-21.3)

17.3 (15.2-19.8)

13.4 (11.5-15.6)

Summary

19.7 (17.4-22.3)

15.7 (13.6-18.1)

14.0 (12.1-16.2)

Abbreviations: FV, fruit and vegetable; GIS, geographic information system; PA, physical activity; T2DM, type 2 diabetes mellitus.

aData are from the Neighborhood Multi-Ethnic Study of Atherosclerosis, 2000 to 2012.25 Incidence rates were calculated using Poisson regression
according to tertiles of the neighborhood exposures at baseline. Low tertile indicates worst; high, best. Overall incidence rate in the full sample was
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16.5 (95% CI, 15.2-17.8) per 1000 person-years. Measures are described in Table 1.
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