1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Prev Med. Author manuscript; available in PMC 2017 October 01.

-, HHS Public Access
«

Published in final edited form as:
Prev Med. 2016 October ; 91: 103-109. doi:10.1016/j.ypmed.2016.07.009.

The Role of Neighborhood Characteristics and the Built
Environment in Understanding Racial/Ethnic Disparities in
Childhood Obesity

Mona Sharifi, MD, MPH®, Thomas D Sequist, MD, MPH2:34, Sheryl L Rifas-Shiman, MPH?,
Steven J Melly, MSS, Dustin T Duncan, ScD’, Christine M Horan, MPH!, Renata L Smith,
MPHS3, Richard Marshall, MD8, and Elsie M Taveras, MD, MPH1.9

1Divison of General Academic Pediatrics, Massachusetts General Hospital, Boston, MA 02114

2Division of General Internal Medicine, Department of Medicine, Brigham and Women's Hospital,
Boston, MA

3Department of Health Care Policy, Harvard Medical School, Boston, MA
4Partners HealthCare System, Inc., Boston, MA

5Obesity Prevention Program, Department of Population Medicine, Harvard Medical School and
Harvard Pilgrim Health Care Institute, Boston, MA

6Department of Environmental Health, Harvard School of Public Health, Boston, MA
"Department of Population Health, New York University School of Medicine, New York, NY
8Harvard Vanguard Medical Associates, Boston, MA

°Department of Nutrition, Harvard T.H. Chan School of Public Health, Boston, MA

Abstract

Background—Childhood obesity prevalence remains high and racial/ethnic disparities may be
widening. Studies have examined the role of health behavioral differences. Less is known
regarding neighborhood and built environment mediators of disparities. The objective of this study
is to examine the extent to which racial/ethnic disparities in elevated child body mass index (BMI)
are explained by neighborhood socioeconomic status (SES) and built environment.

Methods—We collected and analyzed race/ethnicity, BMI, and geocoded address from electronic
health records of 44,810 children 4 to 18 years-old seen at 14 Massachusetts pediatric practices in
2011-2012. Main outcomes were BMI z-score and BMI z-score change over time. We used
multivariable linear regression to examine associations between race/ethnicity and BMI z-score
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outcomes, sequentially adjusting for neighborhood SES and the food and physical activity
environment.

Results—Among 44,810 children, 13.3% were black, 5.7% Hispanic, and 65.2% white.
Compared to white children, BMI z-scores were higher among black (0.43 units [95% CI: 0.40-
0.45]) and Hispanic (0.38 [0.34-0.42]) children; black (0.06 [0.04-0.08]), but not Hispanic,
children also had greater increases in BMI z-score over time. Adjusting for neighborhood SES
substantially attenuated BMI z-score differences among black (0.30 [0.27-0.34]) and Hispanic
children (0.28 [0.23-0.32]), while adjustment for food and physical activity environments
attenuated the differences but to a lesser extent than neighborhood SES.

Conclusions—Neighborhood SES and the built environment may be important drivers of
childhood obesity disparities. To accelerate progress in reducing obesity disparities, interventions
must be tailored to the neighborhood contexts in which families live.

Keywords

childhood obesity; BMI; disparities; built environment; Socioeconomic Risk Factors; Electronic
Health Records

INTRODUCTION

Childhood obesity rates appear to have reached a plateau in the U.S. and may be decreasing
among white children and those of higher socioeconomic status (SES). Yet, overall
childhood obesity prevalence remains high, and despite decades of research to reduce
disparities and improve health outcomes among children at highest risk, substantial racial/
ethnic and socioeconomic disparities persist for child obesity (Centers for Disease Control
and Prevention (CDC), 2013; Ogden et al., 2012; Rokholm et al., 2010; Taveras et al., 2010;
Wang and Beydoun, 2007; Wen et al., 2012). The role of individual health behaviors in
observed disparities has been examined in prior studies revealing racial/ethnic and
socioeconomic differences in obesity risk factors starting in early childhood, with higher
prevalence of obesogenic risk factors such as higher sugar-sweetened beverage intake among
children from racial/ethnic minority groups compared to their white counterparts (Flores and
Committee On Pediatric Research, 2010; Taveras et al., 2010). In considering childhood
obesity disparities, less is known regarding the role of the neighborhood context in which
decisions are being made related to health behaviors and in which behavior change is
expected to occur.

Geographic information systems (GIS) data can provide neighborhood-level information on
access to and distribution of food establishments, including supermarkets and fast food
restaurants, as well as recreational spaces and neighborhood walkability that might influence
decision-making regarding food choices and physical activity options (Matthews et al.,
2009). Studies have demonstrated associations of such factors with obesity and weight-
related behaviors such as physical activity among children and adolescents (Bell et al., 2008;
Ding et al., 2011; Duncan et al., 2014; Feng et al., 2010; Fiechtner et al., 2015; Galvez et al.,
2009; Gordon-Larsen et al., 2006; Lawman and Wilson, 2012; Liu et al., 2007; Papas et al.,
2007; Powell et al., 2007). Prior analyses have demonstrated that environmental features
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promoting energy expenditure and intake vary by neighborhood income and education levels
(Gordon-Larsen et al., 2006; Oreskovic et al., 2009). Yet, the majority of literature
evaluating childhood obesity disparities lack the large sample size, objective BMI measures,
longitudinal data, or broad range of area-based and GIS measures needed to adequately
assess the potential relationship between childhood weight disparities and the
socioeconomic and built-environment characteristics of neighborhoods.

In this study, we aimed to: (1) assess racial/ethnic differences in cross-sectional BMI z-score
and longitudinal change in BMI z-score among children and adolescents and (2) examine the
extent to which any observed differences are explained by differences in neighborhood
socioeconomic status (SES) and features of the built environment, which we hypothesized to
be potential drivers of childhood obesity disparities.

METHODS

Study design and participants

Electronic health record (EHR) data on height, weight, age, sex, race/ethnicity, date and
location of well-child visits, and most recent residential address were collected and analyzed
in 2012-2013 for all children age 4 to 18 years seen for well-child care between August
2011 and August 2012 at the 14 pediatric practices of Harvard Vanguard Medical Associates
(HVMA), a large multi-site, multi-specialty physician group practice in eastern
Massachusetts. Patients were excluded if they had (1) a residential address outside of
Massachusetts, (2) any history of medical diagnoses affecting growth and nutrition,
including pregnancy, (3) incomplete data on child’s race/ethnicity, or (4) any outlier BMI z-
score values (less than —6 and greater than 6) based on US 2000 reference data (Kuczmarski
et al., 2002). For longitudinal analyses, the inclusion criteria additionally required that
children have two or more BMI measurements between January 2008 and August 2012 with
a span of at least 1 year between the earliest available and most recent BMI measurements.
The Institutional Review Board of Harvard Pilgrim Health Care approved the study protocol.

Independent Variable

The independent variable of child’s race/ethnicity was based on parent report on a written
card completed during the patient registration process as part of previously implemented
quality-improvement efforts to improve race/ethnicity documentation at these practices. The
original entries were categorized to non-Hispanic white, non-Hispanic black, Hispanic,
Asian, and other race/ethnicity. Multivariate analyses of BMI disparities focused on minority
racial ethnic populations with BMI disparities. Thus, we included black and Hispanic
children given higher mean BMI z-scores and obesity prevalence for these children
compared to their white counterparts and excluded Asian children given lower mean BMI z-
scores and obesity prevalence. We also excluded children with other race/ethnicity because
this heterogeneous category, which includes multiracial children, would be difficult to
characterize as a single group or to make generalizations from.
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Outcomes: BMI z-score and Change in BMI z-score

The main outcome measure for cross-sectional analyses was the child’s age- and sex-
specific BMI z-score derived from height and weight measured and recorded in the EHR at
their most recent well-child care visit between August 2011 and August 2012. For
longitudinal analyses, change in BMI z-score was calculated using the child’s earliest
available BMI measure from January 2008 to August 2011 and his or her most recent BMI
measure from August 2011 to August 2012. At each well-child visit, medical assistants
measured height and weight based on the written standardized protocol of HYMA, which is
consistent with the standard of care in pediatric primary care and has been described in
previously published work (Wen et al., 2012). BMI was calculated as kg/m2. CDC growth
curves were used to define the participants’ age- and sex-specific BMI z-score and percentile
(Kuczmarski et al., 2002). Overweight was defined as BMI =85! — <95t percentile and
obesity as BMI =95 percentile.

Potential Intermediates and Effect Modifiers: Neighborhood SES and Built-Environment
Characteristics

Geographic information system (GIS) software (ArcGIS 10.1, ESRI, Redlands CA) was
used to characterize neighborhood SES, food environment, and the physical activity
environment of participants based on geocoded residential addresses.

To characterize neighborhood SES, geocoded addresses were linked with area-based
socioeconomic measures from 2006-2010 American Community Survey data on median
household income (in 2009 dollars) and the percent of adults without a high school diploma
at the US census tract level.

Spatial datasets used to characterize the built environment included: complete street network
and pedestrian street network (ArcGIS Data and Maps 2010 StreetMap USA); businesses,
including food establishments (InfoUSA 2009); and open space used for recreation (Office
of Geographic Information [MassGIS], Commonwealth of Massachusetts, Information
Technology Division).

To characterize the food environment, we calculated the network distance to the nearest fast-
food and non-fast-food restaurants, supermarket (=50 employees) and small food store (<50
employees) using food establishments categories consistent with the North American
Industry Classification System (NAICS) definitions in use by US federal agencies. Distances
along the street network were calculated using geocoded residential address and the ArcGIS
Network Analyst Extension Closest Facility tool.

Based on prior work describing street connectivity, residential density, and mixed land use as
key components of neighborhood walkability, (Frank et al., 2008; Sallis et al., 2009) the
following recreational space and land use variables were calculated to characterize the
physical activity environment: (1) recreational open space density (a count of open spaces
for recreation such as parks within 800 meter line-based network buffers); (2) intersection
density (the number of intersections per square km within 800 meter network buffers with
intersections defined as points where 3 or more road segments come together); (3)
residential density (the number of housing units per square km of the census tract); and (4)
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land use mix, an entropy score ranging from 0 to 1 which defines the level of variety of
businesses in an area among 5 land use types (food, retail, services, cultural/educational, and
physical activity) with a score of 0 corresponding to no variety in land use whereas a score
of 1 indicates an equal mixture among all five land use types.

Other variables

Individual-level EHR data was collected on each child’s date of birth and sex. The dates of
well-child visits were also extracted to calculate the child’s age at the most recent visit and
the time interval in years from the earliest available to the most recent BMI measure for
longitudinal analysis.

Statistical analysis

RESULTS

Descriptive analyses were conducted to examine child individual-level and neighborhood
characteristics. We examined potential difference in race/ethnicity between the cross-
sectional sample and the longitudinal sub-sample using chi square tests. Bivariate and
multivariable linear regression models were then utilized to assess the association between
child’s race/ethnicity and cross-sectional BMI z-score as well as longitudinal change in BMI
z-score, adjusting for covariates and potential intermediates. Five multivariable models were
developed — four partially-adjusted and one fully-adjusted model. Model 1 was adjusted for
the child’s age and sex. Model 2 was additionally adjusted for neighborhood SES by adding
neighborhood median household income and the percent of adults without a high school
diploma. Model 3 was adjusted for variables in Model 1 and added the food environment
measures, including the network distance to the nearest fast-food restaurant, non-fast-food
restaurant, supermarket and small food store. Model 4 controlled for the physical activity
environment variables of recreational open space density, intersection density, residential
density and land use mix. Model 5 included all the above individual-level covariates and
potential neighborhood and built-environment intermediates. The percent attenuation of
observed disparities in BMI for each model was calculated as the percent change in each
point estimate compared to the estimate obtained from Model 1. For the longitudinal BMI z-
score change analyses, all of the same models listed above were utilized but additionally
adjusted for the time interval in years from the earliest available to the most recent BMI
measure in all models.

The variance inflation factor (VIF) was calculated for all variables in both cross-sectional
and longitudinal fully adjusted models to test for potential collinearity between
neighborhood socioeconomic and built-environment variables. All VIF values for the fully
adjusted models were less than 4 suggesting that collinearity was less likely to be of concern
(Kleinbaum DG, Kupper LL, Muller KE, Nizam, 1998).

All analyses were completed using SAS version 9.3 (SAS Institute Inc., Cary, NC).

Table 1 shows individual-level and neighborhood characteristics, overall and stratified by
child race/ethnicity, for all 44,810 children and adolescents included in the study. Non-
Hispanic white children represented 65.2% of total participants, while 13.3% were non-
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Hispanic black, 5.7% Hispanic, 9.3% Asian and 6.6% other race/ethnicity. Among these
children, longitudinal BMI z-score data was available for 42,395 (94.6%). We did not
observe statistically significant difference in race/ethnicity between the longitudinal sub-
sample and the cross-sectional sample. Based on 2010 Census estimates, nearly 600,000
children under 18 years live in the three main counties in eastern Massachusetts wherein the
majority of children in our study sample reside (Suffolk, Middlesex and Norfolk), and
among these children, 76% are white, 8.5% black, and 8.5% Hispanic. Thus, in comparison
to eastern MA overall, our sample may be over-represented in the proportion of black
children and under-represented in white and Hispanic children.

BMI z-score and the prevalence of obesity and overweight were substantially higher among
black and Hispanic children compared to white children, and black children had the greatest
increase in BMI z-score over time. Asian children in this sample had the lowest prevalence
of overweight and obesity, mean BMI z-score, and longitudinal change in BMI. Compared
to white children, black and Hispanic children on average lived in neighborhoods with lower
median incomes, higher proportions of adults without high school diplomas, closer
proximity to all food establishments, greater recreational open space density, higher
residential and intersection density, and higher land use mix.

The maps of eastern Massachusetts displayed in Figure 1 visually demonstrate the
percentage of children in the sample with BM1 =95t percentile by US census tract (Figure
1A) and the percentage of children from minority racial/ethnic groups (non-Hispanic black
or Hispanic) by census tract (Figure 1B). The darkest shaded areas of each map,
representing highest prevalence of obesity among the sample and highest concentration of
black or Hispanic participants, correlate (Pearson’s correlation coefficient = 0.61, p-
value<0.001).

Results of multivariate analyses examining the relationship between race/ethnicity and
cross-sectional BMI z-score are displayed in Figure 2 for black and Hispanic children
compared to their white counterparts. In Model 1, adjusted for child’s age and sex, higher
BMI z-scores of 0.43 units (95% CI: 0.40, 0.45) were observed among black children and
0.38 units (95% CI: 0.34, 0.42) among Hispanic children compared to the referent group of
white children. Additionally adjusting for neighborhood SES in Model 2 resulted in a 30.2%
attenuation of the BMI z-score difference observed for black children and a 26.3%
attenuation for Hispanic children compared to their white counterparts. Adjustment for food
environment characteristics in Model 3 resulted in a 7.0% attenuation in the BMI z-score
difference for black and a 7.9% attenuation for Hispanic children compared to white
children. Model 4 adjusted for the physical activity environment measures with a similar
degree of attenuation, 7.0% for black and 5.3% for Hispanic children compared to white
children. Adjusting for all individual-level covariates and potential intermediates including
neighborhood SES, food and physical activity environments in Model 5, resulted in a 27.9%
attenuation of the difference in BMI z-scores for black children and a 23.7% attenuation for
Hispanic compared to white children.

In longitudinal analyses of BMI z-score change over time adjusted for age and sex, a 0.06
unit (95% CI: 0.04, 0.08) greater increase between the earliest and most recent well-child
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visit was observed among black children compared to their white counterparts. This
difference was not substantially attenuated in partially- or fully-adjusted models. No
significant difference in BMI z-score change was observed between Hispanic and white
children (0.00 units; 95% CI: —0.03, 0.03).

DISCUSSION

In this large sample of 44,810 children and adolescents seen for well child care in eastern
Massachusetts, we observed a higher prevalence of obesity and higher cross-sectional BMI
z-scores among black and Hispanic children of 0.43 BMI z units (95% ClI: 0.40, 0.45) and
0.38 units (95% CI: 0.34, 0.42), respectively, compared to white children. Black but not
Hispanic children also a greater increase in BMI z-scores over time compared to their white
counterparts. To put the observed BMI z-score differences in context, a 0.4 units higher BMI
z-score translates to about a 2 kilogram or 4.4 pound difference in weight compared to an 11
year-old male (the study sample’s average age) with height, weight and BMI at
approximately the 50t percentile (The Children’s Hospital of Philadelphia Research
Institute, n.d.). Adjusting for neighborhood SES attenuated the cross-sectional BMI z-score
differences by 30.2% for black and 26.3% for Hispanic children compared to white children.
Controlling for features of the food and physical activity environment also attenuated the
observed BMI z-score differences but to a lesser extent than neighborhood SES. The
observed racial/ethnic disparities in childhood obesity persisted, even after adjustment for all
confounders and potential intermediates examined in this study.

This study’s results suggest that neighborhood SES may be an important mediator of racial/
ethnic disparities among children with obesity. Additionally, features of the built
environment contribute to the observed obesity disparities but to a lesser degree than
neighborhood SES. Prior work suggests that the built environment may moderate the effect
of childhood obesity interventions (Epstein et al., 2012). Our findings further indicate that
interventions seeking to reduce racial/ethnic disparities in childhood obesity should be
individually tailored in a way that facilitates effective navigation of potentially obesogenic
environments.

Models adjusting for neighborhood SES and features of the built environment did not
substantially differ from models adjusting for neighborhood SES alone. Many factors may
potentially explain this finding. Quantity and access may not necessarily correlate with
quality and affordability. For example, the same proximity to a supermarket in a low-income
versus high-income neighborhood may not reflect comparable access to healthful food
options (Glanz et al., 2007) or similar levels of exposure to advertising promoting unhealthy
choices (Yancey et al., 2009). Walkability measures may not reflect other relevant conditions
of the environment that are likely to impact energy expenditure such as safety, crime and
maintenance of public facilities such as playgrounds and parks, which can vary by
neighborhood socioeconomic factors and racial/ethnic composition (Zhu and Lee, 2008).

Neither neighborhood SES nor the built environment completely explained the racial/ethnic
disparities observed in this study. This is an important finding that may be the result of
several unmeasured factors driving racial/ethnic disparities in child BMI. In addition to
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unmeasured differences in individual and household factors, the school environment may
play an important role in health disparities (Schuster et al., 2012) and in mediating energy
intake and expenditure. One recent review of over 300 published studies compared school-
versus community-based interventions to increase physical activity and found that built-
environment changes increasing access to parks had far less impact on energy expenditure
than mandatory physical education in school, active classroom breaks, and built-
environment changes promoting active commuting to schools (Bassett et al., 2013). It is
possible that the inclusion of information about the school environment among this sample
would have further attenuated observed racial/ethnic disparities.

There is also evidence of disparities in access, delivery, and utilization of health care
services among low income and minority racial/ethnic populations (Epstein and Ayanian,
2001; Flores and Committee On Pediatric Research, 2010; Flores and Tomany-Korman,
2008; U.S. Department of Health and Human Services Agency for Healthcare Research and
Quality, 2013) which may also play a part in explaining the persistent BMI disparities
observed in this study. Although the extent of this role is unclear, the success of some
pediatric clinical interventions in improving weight status among low-income pre-school age
children supports the feasibility of this potential pathway (Taveras et al., 2011).

The strengths of this study include the large sample size of nearly 45,000 children and
adolescents with objectively measured height and weight obtained from EHR data and
parent-reported data on race and ethnicity. GIS methods were utilized to characterize
multiple components of the neighborhood context in order to examine the association
between race/ethnicity and BMI. The study also has a few limitations that should be noted.
Foremost is the potential for residual confounding secondary to unmeasured aspects of the
neighborhood or individual-level SES measures, parents’ BMI, or schools. The
observational design of this study limits the ability to examine causes of racial/ethnic
disparities. In longitudinal analyses, black children demonstrated a greater increase in BMI
z-scores over time compared to their white counterparts of 0.06 unit (95% CI: 0.04, 0.08);
no significant difference was noted for Hispanic children. Adjusting for neighborhood SES
and features of the built environment had minimal impact on these observed differences.
Longitudinal data on residential address for participants were unavailable; thus, all
neighborhood-level variables were cross-sectional which may limit our ability to evaluate
the true impact of the neighborhood on the observed racial disparities in BMI change over
time. Furthermore, the relatively short longitudinal time frame of mean (SD) 3.2 (0.8) years
may not have been sufficient to detect large changes in BMI z-score or to examine the extent
to which neighborhood factors may contribute to observed racial/ethnic differences. Finally,
the use of EHR data from an insured patient sample presenting for well child care may
restrict the generalizability of these results to uninsured and lower income patient
populations.

In conclusion, this study contributes to the understanding of potential socio-contextual
pathways that may underlie alarming disparities in childhood obesity. The results suggest
that neighborhood SES is an important driver of disparities in child and adolescent BMI and
that built environment characteristics also help explain obesity disparities. These results
highlight the imperative need to address contextual factors that contribute to disparities in
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childhood overweight and obesity such as the neighborhoods and built environments in
which children live. Effective interventions will not only need to be mindful of the built-
environment context of health behaviors but also the perhaps more critical socioeconomic
barriers to achieving a healthy weight in lower SES communities. The implementation and
evaluation of interventions and policies that address neighborhood-level differences among
racial/ethnic groups may yield additional valuable information, as would further detailed
examination of the role that the quality of built-environment features and resources play in
mediating differences in energy intake, physical activity, and weight status.
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HIGHLIGHTS

This study examines the role of neighborhood features in child obesity
disparities.

We collected race/ethnicity, growth data and geocoded address for 44,810
children.

Adjusting for neighborhood SES attenuated observed racial/ethnic BMI
disparities.

Built environment measures also attenuated BMI differences but to a lesser
extent.

Interventions to reduce child obesity must address neighborhood context.
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Figure 1.
Percentage of participants by census tract with BMI =95tpercentile (A) and from black or

Hispanic racial/ethnic groups (B) among 44,810 children aged 4 to 18 years seen at 14
Massachusetts pediatric practices in 2011-2012
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Multivariable models? of the association between black versus white race and cross-sectional

BMI z-scoreP

aMultivariable Models - Model 1: adjusted for age and sex; Model 2: Model 1 +
neighborhood median household income + percent adults with no high school diploma;
Model 3: Model 1 + network distance to nearest fast food restaurant, non-fast food
restaurant, supermarket and small food store; Model 4: Model 1 + recreational open space
density, intersection density, residential density, and land use mix; Model 5: Model 2 +

Model 3 + Model 4.

bAmong 44,810 children aged 4 to 18 years seen at 14 Massachusetts pediatric practices in

2011-2012
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Multivariable models? of the association between Hispanic versus white race/ethnicity and
cross-sectional BMI z-score?
aMultivariable Models - Model 1: adjusted for age and sex; Model 2: Model 1 +
neighborhood median household income + percent adults with no high school diploma;

Model 3: Model 1 + network distance to nearest fast food restaurant, non-fast food

restaurant, supermarket and small food store; Model 4: Model 1 + recreational open space
density, intersection density, residential density, and land use mix; Model 5: Model 2 +

Model 3 + Model 4.

bAmong 44,810 children aged 4 to 18 years seen at 14 Massachusetts pediatric practices in

2011-2012
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Participant and neighborhood characteristics, overall and by race/ethnicity, among 44,810 children aged 4 to

18 years seen at 14 Massachusetts pediatric practices in 2011-2012

Overall Black Hispanic Asian White Other
Number of 44810 5943 2549 4166 29206 2946 (6.6)
participants, N (100) (13.3) (5.7) 9.3 (65.2)
(%)
Mean (SD) or N (%)
Participant
Characteristics
Female sex 22143 2903 1213 2137 14448 1442
(49.4) (48.8) (47.6) (51.3) (49.5) (48.9)
Most recent well-
child visit in 2011-
2012
Age, years 11.3(45) 115(44) 109(44) 102(44) 115(45) 104(45)
BMI, kg/m? 19.9(49) 21.6(6.0) 20.8(55) 183(3.9) 19.7(45) 19.7(5.0)
BMI z-score 0.43 0.79 0.74 0.11 0.36 0.49
(1.04) (1.06) (1.10) (1.07) (0.99) (1.07)
BMI category
<85th percentile 32181 3438 1514 3354 21856 2019
(71.8) (57.8) (59.4) (80.5) (74.8) (68.5)
85th — <95th 6766 1080 474 (18.6) 490 (11.8) 4257 465
Percentile (15.1) (18.2) (14.6) (15.8)
>95th percentile 5863 1425 561 (22.0) 322(7.7) 3093 462
(13.1) (24.0) (10.6) (15.7)
Change from
earliest (2008—
2011) to most
recent visit?
Age, years 3.2(0.8) 3.2(0.8) 3.1(0.8) 3.1(0.9) 3.3(0.8) 3.1(0.8)
BMI, kg/m? 15(2.3) 1.9 (2.5) 1.6 (2.5) 1.0 (1.9) 15(2.2) 1.4 (2.3)
BMI z-score 0.07 0.11 0.08 0.08 0.05 0.13
(0.71) (0.69) (0.72) (0.78) (0.69) (0.76)
Neighborhood
Socioeconomic
Measures
Percent of adults 8.4 (7.7) 157(9.1) 8.8 (8.6) 6.2 (5.2) 10.1
without high 14.7 (8.5)
school diploma (10.1)
Median household 86002 57717 62952 88039 94403 76780
income, dollars (32578) (22619) (25206) (33272) (30535) (29832)
Food
Environment
Networked
Distance (miles)
to.
Supermarkets 1.6 (1.1) 1.1(0.6) 1.2(0.8) 1.5(0.9) 1.8(1.2) 1.3(0.8)
Small Food 1.2(1.0) 0.7 (0.6) 0.7 (0.7) 1.1(0.9) 14(1.1) 1(0.9)
Stores
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Overall Black Hispanic Asian White Other
Fast Food 09(0.7) 05(0.4) 0.5 (0.5) 0.8 (0.7) 1(0.8) 0.7 (0.6)
Non-Fast Food 0.8(0.7) 05(0.4) 0.5 (0.5) 0.7 (0.6) 0.9 (0.8) 0.6 (0.5)
Physical Activity
Environment
Recreational open 2729 3432 4(3.4) 2.9(2.9) 24 (2.7) 34(3.2)
space, count within
800m buffer
Residential density, 1047 1910 1834 1038 769 1394
housing units per (1514) (1682) (1947) (1482) (1321) (1589)
square km
Intersections per 77.6 99.7 101 (35.6) 81 (35.3) 69.3 89.8
square km (37.4) (33.5) (35.6) (35.7)
Land use mix 05(0.4) 0.6(0.3) 0.6 (0.3) 0.5(0.3) 0.4 (0.4) 0.6 (0.3)

alncludes the longitudinal subsample of children with at least 2 BMI data points at least 1 year apart (n=42,395)

Prev Med. Author manuscript; available in PMC 2017 October 01.

Page 18



	Abstract
	INTRODUCTION
	METHODS
	Study design and participants
	Independent Variable
	Outcomes: BMI z-score and Change in BMI z-score
	Potential Intermediates and Effect Modifiers: Neighborhood SES and Built-Environment Characteristics
	Other variables
	Statistical analysis

	RESULTS
	DISCUSSION
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1

