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Abstract

Little is known about the influence of neighborhood characteristics on risk of type 2 diabetes
(T2D) among youth. We used data from the SEARCH for Diabetes in Youth Case-Control Study
to evaluate the association of neighborhood characteristics, including food desert status of the
census tract, with T2D in youth. We found a larger proportion of T2D cases in tracts with lower
population density, larger minority population, and lower levels of education, household income,
housing value, and proportion of the population in a managerial position. However, most
associations of T2D with neighborhood socioeconomic characteristics were attributable to
differences in individual characteristics. Notably, in multivariate logistic regression models, T2D
was associated with living in the least densely populated study areas, and this finding requires
further exploration.
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Introduction

Social determinants of health are receiving increasing attention, as health systems are trying
new approaches to preventive care.1:2 The World Health Organization defines social
determinants of health as “the conditions in which people are born, grow, work, and age,” 3
emphasizing the educational, economic, social, health-care, and neighborhood contexts in
which people live.# Similar to obesity and cardiovascular disease, type 2 diabetes mellitus
(T2D) in adults is a chronic disease that is well known to be associated with poverty,
deprivation, and lower socioeconomic status (SES).>-10

It was not until the last two decades that T2D began to emerge among youth (<18 years old),
and there is now evidence that the incidence and prevalence of T2D have in fact been
increasing in youth populations: a 4.8% annual rise in incidence was reported between 2002
and 2012 by the SEARCH for Diabetes in Youth study,1* which conducts surveillance in five
study centers in the United States (US), with marked increases seen particularly among
youth of minority race/ethnicity.11-14 The SEARCH study reported a prevalence of T2D of
0.46 per 1,000 youth age 10-19 in 2009, a 35% relative increase compared to 2001.12 In
combination with the documented higher levels of health complications among youth with
T2D,15-20 these alarming trend statistics emphasize a need to investigate the risk factors
associated with T2D, including consideration of root causes such as social determinants of
health.

The focus of research on risk factors for T2D in youth to date has been on individual-level
attributes that are thought to influence the nutritional and obesity-related risk factors for
T2D.21-24 A recent case-control study of T2D in youth age 10-17 years based on secondary
data conducted in Manitoba, Canada, reported that gestational and pre-gestational diabetes
in mothers were both associated with increased T2D risk among youth.2® This study and
others also found that breastfeeding of infants was associated with markedly decreased risk.
21,22 1n addition, maternal obesity during pregnancy has also been shown to be associated
with increased risk of T2D.22

However, very little conclusive evidence exists for factors that could be considered social
determinants of risk for T2D in youth. One of the above-mentioned studies showed that low
maternal income was associated with increased T2D risk among youth.2> An analysis of the
Chicago Childhood Diabetes Registry from 1994 to 2003 and census-based data on
household income on neighborhoods from 1970 to 2000 found that neighborhoods with
mostly African-American residents and persistently high poverty levels over time exhibited
an increased risk of non—-type 1 diabetes in youth compared to neighborhoods that were
classified as having stable income diversity (defined as having a socioeconomically diverse
population over 30 years).” In a multicenter study of young adults, neighborhood
socioeconomic disadvantage was associated with higher insulin resistance syndrome scores.8
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There is a substantial literature describing rural-urban disparities in T2D in adults, with
higher prevalence of diabetes in rural than in urban areas.26-39 However, very little is known
about the association of rurality with T2D in youth. One study of children age 2 to 11 years
reported a significantly higher prevalence of overweight and obesity in rural compared to
urban children that was not explained by socioeconomic status or by dietary or physical
activity behaviors, 31 and these findings have been confirmed in other US-based studies.32 It
is not clear what obesity-related behaviors may underlie these associations, as rural children
seem to consume more calories per day yet also participate in more exercise.3! A case
control study in Manitoba, Canada, reported equivalent and high proportions of T2D cases
and controls residing in rural areas (71% for both groups) and thus did not provide evidence
for rurality as a risk factor for T2D.2°

The concept of a “food desert” has emerged recently, defined by the USDA as “a low-
income census tract where either a substantial number or share of residents has low access to
a supermarket or large grocery store.”33:34 Residents of food deserts have been shown to
travel significantly farther to their grocery store.3> One mechanism that may explain the
reported association of food deserts with obesity3® is that farther travel may be associated
with lower shopping frequency, which has in turn been linked to lower fruit and vegetable
intake.3” Therefore, it is conceivable that residing in a food desert, similar to other low-SES
areas, may be a risk factor for the development of T2D in youth.

Thus, the aim of our study was to evaluate the association of multiple neighborhood SES
characteristics, considered separately and jointly,38 rurality, and residing in a USDA-
designated food desert, with T2D in ethnically and geographically diverse youth using data
from a case-control study of T2D. 212238

Materials and methods

Study procedures were reviewed and approved by the institutional review boards of the
participating institutions, including compliance with the Health Insurance Portability and
Accountability Act (HIPAA).

SEARCH for Diabetes in Youth Study

The SEARCH for Diabetes in Youth Study was a six-center (Ohio, Colorado, Washington,
South Carolina, Hawaii, and California) observational study that began conducting
population-based ascertainment of non-gestational cases of diagnosed diabetes in youth <20
years of age in 2001 (prevalent cases) and 2002 (incident cases) and is ongoing. Details of
the SEARCH Study design have been published.3940 All eligible cases of diabetes were
identified based on networks of pediatric and adult endocrinologists, existing pediatric
diabetes databases, hospitals, databases of health plans, and other health-care providers.
Case reports were validated through physician reports, medical record reviews, or, in a few
instances, self-report of a physician’s diagnosis of diabetes.3? Diabetes type, as assigned by
the health-care provider, was categorized as type 1 (T1D) (combining types 1, 1a, and 1b),
T2D, and other (including hybrid, maturity onset of diabetes in youth, type designated as
“other,” type unknown by the reporting source, and missing). The present analysis focuses
on cases of T2D.
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Case reports were registered anonymously with the Coordinating Center at Wake Forest
University in North Carolina using HIPAA-compliant procedures. Identifying information
was retained at each field site.

SEARCH Case-Control Study

The SEARCH Case-Control (SEARCH-CC) Study was an ancillary study to SEARCH,
conducted at two (Colorado and South Carolina) of the six clinical sites.2122:38 Between
July 2003 and March 2006, 119 T2D cases =10 years of age attended in-person study visits.
For the purposes of the SEARCH-CC Study, eligibility of cases was restricted to (i) four
counties surrounding the city of Columbia, South Carolina (Richland, Lexington,
Orangeburg, and Calhoun) for prevalent cases in 2001 and statewide for incident cases in
subsequent years and (ii) selected counties in Colorado (seven counties encompassing the
Denver metropolitan area: Adams, Arapahoe, Boulder, Denver, Douglas, Jefferson, and
Weld) for prevalent cases in 2001 and incident cases statewide in subsequent years. Control
participants were concurrently recruited from primary care offices following the rationale
that all SEARCH cases arose from health-care provider offices. Participating primary care
offices provided an initial study brochure, and patients and their parents/guardians were
asked to complete a one-page information form and an indication of permission for study
staff to contact them. Of 1,203 information forms returned by participating practices, 881
(73.2%) patients indicated interest in learning about the study. Of these, 41 were ineligible,
233 later refused explicitly, 389 could not be successfully contacted (passive refusals), and
218 participated as controls in SEARCH-CC. All controls were confirmed as not having
diabetes by fasting glucose values obtained during the clinic visit. More extensive details of
the SEARCH-CC Study methods have been published.?!

Individual-level socioeconomic and clinical characteristics of cases and controls

Variables such as age at clinic visit, race/ethnicity, gender, parental education, and household
income were obtained for T2D cases as part of SEARCH and for non-diabetic controls as
part of SEARCH-CC. Race/ethnicity was categorized as non-Hispanic white versus African
American or Hispanic; the latter two groups were combined because there were only five
Hispanic T2D cases and four Hispanic control participants. Parental education (parent with
the highest education) was categorized as less than high school and high school education or
above. Income was categorized as <$25,000, $25,000-74,999, and =$75,000. Data
collection unique to SEARCH-CC included a perinatal questionnaire completed by the
biological mother, which assessed breastfeeding status (i.e., whether the participant was
breastfed as a baby) and maternal diabetes. These variables were categorized as yes or no.

Geocoding and geospatial allocation

The geospatial linkage of participants’ addresses was conducted in the context of the Spatial
Epidemiology of Diabetes project, which was ancillary to SEARCH.3841 Addresses of study
participants were geocoded at each study site in a standardized manner by a single staff
person (JDH). Geocoding was conducted in ArcGIS 9.3 software*? using the TIGER 2000
Road Network File complemented with ZIP Code Tabulation Areas (ZCTA) data. In South
Carolina, this was supplemented with TIGER 2006 vintage Road Network Files to capture
realigned street features that were not captured by the TIGER 2000 file.
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First, an attempt was made to geocode to the street address level. The addresses that did not

match (10.2%) were then allocated to a census tract within the boundaries of the known ZIP
Code based on a random assignment imputation method.*3 This method was chosen because
the traditional ZIP Code centroid imputation method** would have created spurious clusters
in those census tracts containing the ZIP Code centroid.

Neighborhood-level characteristics

To determine neighborhood characteristics, basic demographic and socioeconomic
descriptions of census tracts were obtained from the US Census 2000 Summary File 1 (SF1)
and Summary File 3 (SF3)#546, as these were the closest in time to the data collection
period (2003-2006). These descriptions were linked to each participant’s census tract. Data
included population density, median household income, median value of housing, percent
minority population, percent population =25 years of age with a high school education and
above, percent of households receiving social security, and percent of the population >16
years of age in managerial positions. We defined neighborhood characteristics by
categorizing these census tract attributes as follows: rurality was defined by population
density <500 vs. 500-999 vs. 1,000+ residents per square mile; minority population <15%
vs. 15-29% vs. 30%+; high school education and above <80% vs. 80-89% vs. 90%+;
median household income <$35,000 vs. $35,000-$49,000 vs. $50,000+; median value of
housing <$75,000 vs. $75,000-$124,999 vs. $125,000-$174,999 vs. $175,000+; households
receiving social security <20% vs. 20-29% vs. 30%+; managerial position <25% vs. 25—
39% vs. 40%+.

We also created an area-level composite score of neighborhood socioeconomic status, a
neighborhood socioeconomic advantage score, utilizing census tract-level information from
the 2000 US census and previously developed methodology. 3847 First we applied factor
analyses to a large set of census tract socioeconomic indicators and identified a primary
factor on which four key variables loaded, as described previously. 38 These included (1)
percent of households with income derived from interest, dividend and rental sources, (2)
median value of housing of owner-occupied housing units, (3) percent of population with
college education or more, and (4) percent of population in managerial positions.
Subsequently, the neighborhood socioeconomic advantage score was created by summing
the Z-scores of the aforementioned four variables, with increasing values representing
increasing advantage.

We applied Rural-Urban Commuting Areas (RUCAS) to characterize the census tracts with
respect to their rural and urban status. 48 RUCAs are based on the US Census Bureau’s
definitions of urbanized areas and urban clusters, in conjunction with information on work
commuting patterns. The ten-tiered RUCA codes were converted into a four-tiered system as
recommended by using only the primary and secondary RUCA codes 49, thereby
differentiating urban core from suburban areas, large rural towns, and small towns/isolated
rural areas. For statistical modeling, the small and large town categories were combined
because of sparse data.

We defined food deserts by obtaining the USDA Economic Research Service food desert
measure for each census tract.33:34 According to this measure, a food desert is an area that is
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both low income and has low access to a large grocery store/supermarket. A census tract is
classified as low income if it meets the US Treasury Department’s New Market Tax Credit
program eligibility criteria, i.e., a poverty rate of at least 20%, a median family income less
than 80% of the statewide median family income for tracts in non-metropolitan areas, or a
median family income less than 80% of the metropolitan area median family income for
tracts in metropolitan areas.33:34 A census tract is classified as low access if at least 500
residents or 33% of the tract population resides more than 1 mile from a supermarket in an
urban tract or more than 10 miles from a supermarket in a rural tract, based on Euclidean
distance.33

Statistical analyses

Results

The case-control study included 91 youth with T2D and 202 non-diabetic control youth aged
10-19 years from South Carolina and Colorado. Because no primary care providers were
selected as control recruitment sites in upstate South Carolina (Abbeville, Anderson,
Cherokee, Greenville, Greenwood, Laurens, Oconee, Pickens, Spartanburg, Union, and York
counties) and outside the Denver metropolitan area, we also excluded cases originating in
these areas (~10% of total cases, n=33). Furthermore, we excluded cases and controls that
could only be allocated to a county level (~2% of total cases and controls, n=6).

We conducted descriptive analyses to determine the frequency distributions or means and
standard deviations of various individual- and neighborhood-level characteristics by case
status. Generalized linear mixed models (GLIMMIX) in SAS Version 9.4 were used to fit
logistic regression models for a dichotomous response (case, control) assuming a binomial
distribution and a logit link function and including a random intercept. Logistic regression
models were conducted separately for each neighborhood characteristic. In addition to the
unadjusted models, two levels of adjustment for potential individual-level confounders were
selected, the first including age, gender, race/ethnicity, and study site, and the second
adjusting additionally for breastfeeding, mother’s diabetes, and parental education and
income.

We observed significant differences between T2D cases and non-diabetic controls with
respect to individual characteristics, as well as maternal factors (all p<0.05; Table 1).
Compared to non-diabetic controls, the majority of T2D cases were African-American/
Hispanic (74.7% vs. 44.1%), female (75.8% vs. 60.4%), had parents with lower than high
school education (50.5% vs. 26.7%) and a household income of less than $25,000 (42.9%
vs. 23.3%). Similarly, compared to controls, a higher proportion of T2D cases were not
breast fed (61.5% vs. 32.2%), and a higher proportion of cases were exposed to maternal
diabetes in utero (27.6% vs. 5.5%).

Focusing on neighborhood characteristics, T2D cases tended to reside in census tracts with
lower population density, small town environments, a larger minority population, lower
educational attainment, lower household income, lower housing value, and a lower
proportion of the population in a managerial position compared to non-diabetic controls (all
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p<0.05, Table 1). T2D cases also more frequently resided in food desert census tracts, but
this relationship was not statistically significant (p=0.57, Table 1).

Table 2 presents the results of the logistic regression analyses of the association of
neighborhood characteristics with T2D. The first column, showing the unadjusted results
from separate models, each focusing on one neighborhood characteristic, mirrors the
descriptive findings, indicating that T2D cases were about 2.2—4.5 times more likely to live
in a census tract characterized as having low population density (<500 residents per square
mile), small or large town, a high minority population (30% or more), low household income
(<$35,000), low housing value (<$75,000), low percent of population with at least high
school education (<80%), and low percent of households receiving social security (<20%) or
in managerial positions (<25%). A higher neighborhood socioeconomic advantage score was
associated with decreased odds of T2D. Residing in a food desert was not associated with
T2D.

Adjustment for individual-level non-modifiable factors such as age, gender, race/ethnicity,
and study site (adjustment 1) markedly attenuated the associations of neighborhood
characteristics with odds of T2D, including the neighborhood socioeconomic advantage
score, except for the association with population density and urbanicity defined by RUCA.
The association of food desert residence with odds of T2D changed direction but remained
non-significant after adjustment. Further adjustment for maternal diabetes status,
breastfeeding, parental education and income (adjustment 2) did not materially change the
results. Living in the least densely populated areas (<500 residents per square mile) was
associated with significantly higher odds of T2D (OR 3.2, 95% CI 1.4-7.4) compared to
living in the most populated areas (=1,000 people per square mile). This was consistent with
the findings based on RUCA, which demonstrated that living in a small or large town
environment was associated with significantly higher odds of T2D compared to living in an
urban core environment (OR 3.0; 95% CI 1.3-7.4).

Conclusions

Our study suggests that the initially observed unadjusted associations of T2D with a variety
of neighborhood-level SES-related contextual factors, including food desert status of the
census tract of residence, are heavily influenced by individual-level characteristics (e.g. age,
gender, race/ethnicity, study site), few of which are modifiable. This is evident because
compared to the unadjusted estimates the adjusted neighborhood characteristic estimates
were strongly attenuated and were non-significant, with the exception of population density
and RUCA code. The attenuation is likely due to the fact that race/ethnicity and SES are
intimately intertwined in the United States.>0 Research has shown that race and ethnicity are
often highly correlated with a person’s SES,? which is in turn associated with selection of
residential neighborhood; hence, the adjustment for individual race/ethnicity could in part
capture the effect of neighborhood socioeconomic characteristics with respect to T2D
development.

Most of the previous studies relating neighborhood characteristics with insulin resistance or
diabetes have been ecological or cross-sectional in nature, >-9 with a majority being focused
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on adult populations.>6:8.9 These studies have shown higher T2D risks in low-SES
neighborhoods characterized by deprivation and poverty. 56 A recent study conducted in an
ecological surveillance framework also showed that youth aged 10-17 years residing in
neighborhoods with a predominantly African-American population and high levels of
poverty had a 47% higher risk of T2D.” However, ecologic studies suffer from the inability
to adjust for personal-level attributes.

Few studies on neighborhood characteristics and T2D or related outcomes have had the
capacity to control for early life and maternal health—-related individual-level risk factors, as
was done in our study. A study of young adults which reported that insulin resistance
syndrome score was associated with lower neighborhood SES, controlled for personal
income and education and reported findings stratified by sex and race/ethnicity.8 A
prospective study among African-American women which reported increased T2D risk in
lower-SES neighborhoods adjusted for income and educational status in addition to age,
household size, marital status and a number of lifestyle characteristics.19 To the best of our
knowledge, the only other study with information on breastfeeding and maternal diabetes
status comparable to our study did not explicitly study neighborhood characteristics beyond
the rural designation of the residence.2>

Our hypothesis that food desert status of the census tract of residence may be associated
with odds of T2D was informed by previous research reporting a higher prevalence of
obesity in areas designated as food deserts, which is relevant given the key role of obesity in
the development of T2D.3¢ Moreover, a recent study indicated an increased risk of T2D
among residents of neighborhoods with insufficient provision of healthy foods, independent
of individual-level risk factors for diabetes.>? Additionally, residents of food deserts have
been shown to have lower levels of serum carotenoids, which are biomarkers for fruit and
vegetable intake.>3 In contrast, our study found no evidence for an association between food
deserts and odds of T2D in youth. One possible reason for this finding might be the lack of
specificity of the USDA’s food desert designation with respect to its defining low access to
healthy food, which is based on secondary data only.34 We have previously shown the
significant error inherent in most commercially available secondary data sources on food
retail outlets.5#:5% Moreover, the USDA food desert metric does not capture the quality of
food available, particularly in rural areas, potentially introducing misclassification that could
bias results toward the null.6:57 Furthermore, the food desert metric uses a different low-
access criteria for urban vs. rural areas (1 mile vs. 10 miles) and in this sense inherently
adjusts for rural-urban differences.

Our finding that low population density and rurality was a strong predictor of odds of T2D
even after adjustments for individual-level characteristics, including parental education and
income, is interesting, consistent with a previous national reports on adults,3° and bears
further consideration. In the United States, rural communities have lower access to healthy
food>8 and exhibit poorer dietary habits.2” In addition, rural areas are characterized by fewer
nearby destinations that would motivate utilitarian walking, higher single-use land
development, and greater numbers of disconnected streets. Studies have shown that higher
single-use land development is associated with reduced physical activity,? rural areas have
less adequate recreational resources for physical activity,? and higher land-use mix is
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associated with decreased mortality.61 Additionally, more walkable land use has been related
to lower BMI, and higher automobile dependency and longer commuting times have been
associated with increased odds of obesity. 6263 Thus, these disparities in the availability of
health-promoting built environmental attributes in rural neighborhoods could conceivably
contribute to an increased risk of obesity and subsequent T2D. However, contrary to our
findings of a strong association of rurality and T2D, a study conducted in Manitoba, Canada,
did not find rural residence to be associated with T2D risk, as the proportions of cases and
controls from rural areas were equivalent, and no adjustment for rurality was applied in the
multivariate models.2>

Although findings from studies of individual-level risk factors for T2D in youth suggest that
prevention of gestational diabetes and obesity and increased initiation of and duration of
breastfeeding of the infant may be viable strategies to reduce risk of T2D in youth, 21.22.25
the consequences of our study and other evidence related to neighborhood influences for
policy are less clear. Educational attainment and income levels of populations are influenced
by a multitude of federal and state policies, but few of these are within the domain of public
health. There are significant disparities in the economic and health-related resources
between rural and urban areas, some of which may be amenable to higher-level policy
interventions. However, research also seems to suggest that the environmental context (e.g.,
rural vs. urban) needs to be considered when developing programs and policies.* For
instance, a recent study comparing the association between the built environment and
walking behavior in a metropolitan area and a small town (rural area) found evidence for
differences of effects between the urban and rural locations: Although there was a positive
association between the number of restaurants in the neighborhood and utilitarian walking in
the urban sample, there was an inverse association in the small town sample. Moreover,
recreational walking in small town settings was associated with perception of slower traffic,
whereas that relationship did not hold in a metropolitan area.* This suggests that in some
instances, different interventions on the same underlying health behavior (e.g., walking)
would be advisable in rural compared to urban settings.

There are several strengths and limitations of our study. Our study included youth of diverse
race/ethnicity from two different geographic regions and thus allowed us to capture larger
neighborhood-level variability to explore the associations of neighborhood socioeconomic
characteristics with T2D, but our study was modest in size with respect to the number of
T2D cases. We cannot rule out the possibility that access to care and health care utilization
habits of cases and controls differed relative to the degree of rurality of their residence (and
in turn affected participation in our study), which may have given rise to the association
between rurality and T2D. A small amount of misclassification may have been introduced
because we geocoded the contact addresses of the study participants, some of which may not
have been their residential address. As suggested by Chaix et al., it is possible that
neighborhood-related selective study participation could also have biased our results, but this
likely had minimal influence, as quantified in a previous study.5° Lastly, our evaluation of
the association of the food environment with T2D was limited to the USDA’s food desert
definition and did not include information on the quality or healthfulness of the selection of
foods provided within stores, as has been done in other studies, nor did it include
information on availability of unhealthy food outlets such as fast food retailers.56.67
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In conclusion, the findings from our study suggest that future studies of neighborhood SES-
related characteristics as risk factors for T2D should also incorporate evaluation of processes
that may explain the association between rurality and T2D risk. Moreover, considering rural-
urban differences in associations between environmental characteristics and very nuanced
characterizations of individual lifestyle behaviors will be paramount, as these may point
toward relevant context-specific interventions or policies. Our study has additionally shown
that neighborhood-level contextual factors that are descriptively associated with T2D, such
as food desert status, are likely strongly associated with individual-level risk factors,
including race/ethnicity. Disentangling the effects of neighborhood influence from those of
personal race/ethnic identity is extremely difficult given the intertwined nature of these
characteristics in US populations.59°1 Last but not least, studies of neighborhood
characteristics and T2D in youth will be most informative if paired with detailed individual-
level information on pre- and perinatal maternal risk factors and early life exposures of the

child, as these factors are also strongly related to social determinants of health and to T2D
risk 21,22,25
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Highlights:

. Social determinants may contribute to cardiovascular disease, obesity and
diabetes

. The association of neighborhood characteristics with T2D in youth was
evaluated

. T2D was associated with living in the least densely populated study areas

. Most T2D-neighborhood associations are attributable to individual-level
differences

. The elevated risk of T2D in less densely populated areas requires exploration
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Individual- and neighborhood-level characteristics of cases of type 2 diabetes and controls in the SEARCH

Case-Control Study

Characteristics All (n=293) T2D (n=91) Control (n=202)  P-value
Individual-level characteristics
Race/ethnicity, %

Non-Hispanic white 46.4 253 55.9

African American/Hispanic 53.6 4.7 44.1 <0.0001
Gender, %

Female 65.2 75.8 60.4

Male 34.8 24.2 39.6 0.0103
Parental education, %

Lower than high school 341 50.5 26.7

High school and above 65.9 495 73.3 <0.0001
Household income, %

< $25,000 29.3 429 233

$25,000-$74,999 49.5 49.4 49.5

>$75,000 21.2 7.7 27.2 <0.0001
Breast feeding status, %

Yes 58.7 385 67.8

No 41.3 61.5 32.2 <0.0001
Maternal diabetes status, %

Yes 12.2 27.6 55

No 87.8 72.4 945 <0.0001
Age at visit 15.1 (2.9) 16.3 (2.8) 14.6 (2.9) <0.0001
Neighborhooad-level characteristics
Population density (per sg. mile) 3,084 (2,897) 2381 (2,967) 3,401.1 (2,815) 0.0051
Categorized population density, % 0.0002

<500 78 (26.6) 36 (39.6) 42 (20.8)

500-999 18 (6.1) 9(9.9) 9 (4.5)

1000+ 197 (67.2) 46 (50.6) 151 (74.8)
Urban category, n (%) <0.0001

Small town 16 (5.5) 13 (14.3) 3(L5)

Large town 28 (9.6) 12 (13.2) 16 (7.9)

Suburban 24 (8.2) 11 (12.1) 13 (6.4)

Urban core 225 (76.8) 55 (60.4) 170 (84.2)
Minority population (%) 40.5 (27.7) 49.2 (25.2) 36.7 (28.0) 0.0003
High school education and above (%) 80.8 (14.0) 76.7 (13.8) 82.6 (16.7) 0.0008
Income from interest and others (%) 32.7 (16.9) 27.4 (14.9) 35.2(17.3) 0.0001
Median household income ($) 46,000 (19,000) 40,000 (17,000) 48,000 (20,000)  0.0007
Median value of housing ($) 135,000 (79,000) 115,000 (85,000) 144,000 (74,000)  0.0035
Household receiving social security (%) 225(9.2) 23.9 (8.5) 22.0 (9.5) 0.0974
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Characteristics All (n=293) T2D (n=91) Control (n=202)  P-value
Managerial position (%) 32.6 (13.9) 29.7 (13.1) 33.9(14.1) 0.0153
Neighborhood socioeconomic advantage score -0.1(0.9) -0.4 (0.9) 0.03 (0.9) 0.0003
Food desert, % 11.6 13.2 10.9 0.5702

Values are means and standard deviations (SD) unless otherwise indicated
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Associations of neighborhood characteristics with the odds of development of type 2 diabetes in the SEARCH

Case-Control Study

Neighborhood characteristics

Unadjusted OR (95% CI)

Adjustment 1 OR (95% CI)

Adjustment 2 OR (95% CI)

Population densitya
<500
500-999
1000+
Urban category
Small and large towns
Suburban
Urban core
Minority population
<15%
15-29%
30%+

High school education and above

<80%
80-89%
90%+

Median household income
<$35,000
$35,000-$49,000
$50,000+

Median value of housing
<$75,000
$75,000-$124,999
$125,000-$174,999
$175,000+

Household receiving social security

<20%

20-29%

30%+
Managerial position

<25%

25-39%

40%+
Food desert status
Yes
No

Income from interest and others (+5%)

2.81 (1.62, 4.90)
3.23 (1.23, 8.76)
Ref

4.07 (2.08, 7.97)
2.62 (1.10, 6.19)
Ref

Ref
1.98 (0.79, 4.95)
453 (2.17, 9.49)

2.96 (1.65, 5.34)
1.08 (0.50, 2.30)
Ref

3.28 (1.77, 6.09)
1.22 (0.62, 2.40)
Ref

3.30 (1.56, 7.00)

2.83(1.32, 6.07)

0.90 (0.38, 2.11)
Ref

Ref
1.76 (0.98, 3.14)
2.19 (1.13, 4.27)

2.15 (1.13, 4.09)
2.04 (1.06, 3.94)
Ref

1.24 (0.58, 2.64)
Ref
0.97 (0.96, 0.99)

2.24 (1.10, 4.58)
2.28(0.74,7.02)
Ref

2.81 (1.24, 6.36)
2.17 (0.83, 5.65)
Ref

Ref
1.65 (0.61, 4.46)
2.25 (0.93, 5.45)

1.41 (0.68, 2.90)
0.68 (0.29, 1.60)
Ref

1.38 (0.63, 3.00)
0.63 (0.28, 1.42)
Ref

1.16 (0.35, 3.83)

1.12 (0.39, 3.19)

0.65 (0.25, 1.65)
Ref

Ref
1.22 (0.62, 2.41)
1.23(0.56, 2.71)

1.02 (0.47,2.20)
1.36 (0.64,2.88)
Ref

0.74 (0.32, 1.68)
Ref
1.00 (0.97, 1.02)
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3.22 (1.40, 7.41)
3.36 (0.96, 11.8)
Ref

3.04 (1.25, 7.41)
2.25 (0.73, 6.97)
Ref

Ref
1.08 (0.33, 3.50)
1.91 (0.66, 5.49)

0.96 (0.39, 2.41)
0.58 (0.22, 1.56)
Ref

1.01 (0.38, 2.68)
0.41 (0.16, 1.10)
Ref

0.74 (0.18, 3.07)

0.81 (0.23, 2.80)

0.48 (0.16, 1.47)
Ref

Ref
0.69 (0.31, 1.52)
0.78 (0.31, 1.96)

0.75 (0.30, 1.90)
1.29 (0.54, 3.07)
Ref

0.58 (0.22, 1.50)
Ref
1.02 (0.89, 1.17)
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Neighborhood characteristics Unadjusted OR (95% CI)  Adjustment 1 OR (95% CIl) Adjustment 2 OR (95% CI)

Neighborhood socioeconomic advantage score 0.62 (0.47,0.81) 0.90 (0.63, 1.29) 1.07 (0.68, 1.67)

aPopuIation density is given as residents per square mile.
Unadjusted: neighborhood characteristics alone
Adjustment 1: Age, gender, race/ethnicity, study site

Adjustment 2: Age, gender, race/ethnicity, study site, and breastfeeding, mother’s diabetes, parental education, parental income
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