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Available studies of the built environment and the BMI of children and youth suggest a
contemporaneous association with neighborhood greenness in neighborhoods with high
population density. The current study tests whether greenness and residential density are
independently associated with 2-year changes in the BMI of children and youth.

The sample included children and youth aged 3-16 years who lived at the same address for
24 consecutive months and received well-child care from a Marion County IN clinic
network within the years 1996-2002 (n=3831). Multiple linear regression was used to
examine associations among age- and gender-specific BMI z-scores in Year 2, residential
density, and a satellite-derived measure of greenness, controlling for baseline BMI z-scores
and other covariates. Logistic regression was used to model associations between an
indicator of BMI z-score increase from baseline to Time 2 and the above-mentioned

Higher greenness was significantly associated with lower BMI z-scores at Time 2 regardless
of residential density characteristics. Higher residential density was not associated with
Time 2 BMI zscores in models regardless of greenness. Higher greenness was also
associated with lower odds of children’s and youth’s increasing their BMI z-scores over 2

Greenness may present a target for environmental approaches to preventing child obesity.
Children and youth living in greener neighborhoods had lower BMI z-scores at Time 2,
presumably due to increased physical activity or time spent outdoors. Conceptualizations of
walkability from adult studies, based solely on residential density, may not be relevant to
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Background

ver the last 3 decades, obesity (i.e., BMI =95th

percentile of national growth standards) dou-

bled among children aged 2-5 years and ado-

lescents aged 12-19 years; it tripled among children

aged 6-11 years." In 2003-2004, 17% of children and

youth were obese, and 34% were overweight (i.e.,

between BMI =85th and <95th percentile of national
standards).?

Childhood obesity is associated with health problems

including type 2 diabetes, asthma, hypertension, sleep
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apnea, and emotional distress.””® Obese children and
youth are likely to be obese as adults”®; experience
morbidity from cardiovascular disease, high blood pres-
sure, and stroke®?; and incur higher healthcare
costs.'”!! Together these problems highlight an urgent
need for new preventive strategies.'

The built environment is emerging as important for
obesity prevention; however, most studies are adult-
centric and cross-sectional. Among adults, the within-
neighborhood availability of supermarkets is positively
associated with the consumption of fruits and vegeta-
bles'* and inversely associated with obesity.'” In other
studies, street connectivity, land-use mix, and residen-
tial density are associated with moderate physical activ-
ity,'* while urban sprawl is related to obesity’® and
inversely related to walking.'®

Among children and youth, physical activity is posi-
tively associated in most' ' but not all*® studies with
time spent outdoors and with proximity to recreational
facilities and parks.”’gl’23 In one study,23 land-use mix,
residential density, and recreational amenities were not
associated with adolescent girls’ BMI. In a longitudinal
study,'” urban sprawl was not associated with adoles-
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cent BMI in the longitudinal context, but the contem-
poraneous relationship was significant.

Given the importance of parks and time spent out-
doors, neighborhood greenness could be associated
with the BMI of children and youth as an indicator of
access to spaces that promote physical activity. In one
cross-sectional study,** higher greenness was associated
with lower child and youth BMI, but only in areas with
high population density. Greenness is inversely corre-
lated with residential density25 that is, in turn, associ-
ated with physical activity and BMI in observational
studies of adults.'**® Greenness and residential density
are modifiable attributes of the built environment;
however, it remains unknown whether each has inde-
pendent effects on the BMI of children and youth.

Understanding the independent and relative influ-
ences of residential density and greenness on the BMI
of children and youth is an essential first step toward
targeted preventive intervention. If density is distinct
and more influential than greenness, then urban de-
velopment that encourages highly connected street
networks, mixed commercial and residential land use,
and concentrated housing would be warranted. If
greenness is more important, then the creation or
preservation of open green spaces would be indicated
instead of high-density development. If both variables
are significantly associated with the BMI of children
and youth, then urban-development schemes that en-
courage density while preserving greenness would be
required.

Consistent with calls for multidisciplinary research
examining salutary environmental exposures,?’ the cur-
rent study was designed to test (1) whether greenness
and residential density were independently associated
with 2-year changes in the BMI of children and youth,
and (2) whether the associations were modified by
race/ethnicity, gender, age, or SES.

Methods
Sample

Data for this retrospective cohort study were derived from
electronic medical records for a primary care clinic network
in Indianapolis IN. Children and youth aged 3-16 years were
included if they were Marion County residents and received
routine well-child care from the network during 1996-2002;
they were excluded if they had medical documentation of risk
factors that might systematically bias BMI measurements
(e.g., pregnancy, congenital heart disease, cystic fibrosis,
cerebral palsy, congenital anomalies).

Each young person’s address was geocoded using ArcGIS
9.0 automated address-matching procedures, supplemented
by manual matching (match rate=92%, N=57,559). None of
the demographic characteristics of individuals with and with-
out successful address matches differed significantly.

To analyze BMI change over time, the sample was restricted
to children and youth who maintained the same address for at
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least 24 months and had same-day clinical measurements of
height and weight recorded 2 years apart (n=3901). This
smaller subgroup with stable addresses and biennial well-
child visits was slightly older (9.16 years vs 8.76 years, p<<0.01);
had a higher percentage of male children and youth (51% vs
50%, p<<0.01); and a higher percentage classified as obese
(23% vs 21%, p=0.04). Of these individuals, 59 were excluded
because their homes were <1 kilometer from the county
boundary, and data were not available to compute envi-
ronmental measures extending beyond county borders
(n=3842).

Dependent Variable

The dependent variable was the child’s gender- and age-
specific BMI z-score (i.e., the number of SD units that the
child’s BMI deviates from the mean reference value for age
and gender) relative to U.S. growth reference charts for
2000,%® and measured at Time 2 (i.e., the second of the
biennium appointments beginning in 1996-2000 for which
anthropometric measures were most recently available). The
child’s BMI z-score at the beginning of the biennium (Time
1) was included as a covariate in all models.

The young person’s BMI was based on height and weight
measured by clinic staff using scales and stadiometers.*®
Recommended algorithms were applied to identify implausi-
ble values,* with 11 observations excluded (n=3831).

Rather than absolute BMI, BMI z-scores were measured to
permit valid estimates in a sample pooled by gender and age
and because the heights and weights of the study subjects
were expected to increase as part of normal development.®®
Compared to categorical dependent variables (e.g., obese,
overweight, normal weight), continuous BMI z-score mea-
surements have the advantage of capturing subtle changes in
weight status across the distribution as well as more dramatic
shifts from one weight category to the next.

To further assess 2-year changes in BMI z-scores, a dichot-
omous dependent variable was developed to categorize BMI
z-scores as increasing between Time 1 and Time 2 versus
remaining the same or declining (ref: declining).

Measures of Urban Form

Greenness was measured using the normalized difference
vegetation index (NDVI), derived by converting pixel values
in satellite images encompassing 30x30-meter areas to con-
tinuous measurements that can range from —1 (usually water)
to +1 (dense, healthy green Vegetation).31 NDVI calculations
are based on the principle that healthy green plants absorb
radiation in the visible region of the spectrum and reflect
radiation in the near-infrared region.

For this analysis, the NDVI was scaled by a factor of 10, so
that a 1-unit increase in this variable (i.e., 0.01) corresponded
to land-use changes that were reasonable in urban settings
(e.g., from parking lots or industrial sites with little vegetation
to school yards with moderate greenness, or from vacant
land/right-of-ways to parks with lush vegetation).

Due to the timing of cloud cover and data collection,
satellite-derived NDVI data were not available for Marion
County every year (1996-2000) in the same month. There-
fore, a summer measurement (June 6, 2000) was chosen that
corresponds to high green biomass in residential environ-
ments. The current analysis assumed no change in the mean
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NDVI in the same season by year, a reasonable assumption
given that the correlation coefficients for available summer
NDVI measures during the study period ranged from 0.97 to
0.99.

Mean NDVI was calculated within a 1-kilometer straight-
line circular (hereafter, radial) and a road-based network
(hereafter, network) buffer surrounding each child’s resi-
dence. The buffer size represents the distance a subject can
travel in all directions around his or her residence within a
given period of time. In the absence of empirical findings for
ideal buffer size in child studies, 1 kilometer was chosen based
on environmental correlates of adult walking.'* Network
buffers vary in size, based on the level of street connectivity
within the area and are proposed to represent more accu-
rately than radial buffers the areas that adults can access
around their homes."* This proposition has not been tested
among children and youth. Defining access according to
travel constrained to roads or sidewalks may be less relevant to
children and youth because their physical activity differs from
that of adults by type and motivation (e.g., play versus
utilitarian transit). Consequently, all models were tested with
both buffer specifications. Results of greater magnitude and
significance with network versus radial buffers'*** would
underscore the importance of street networks to children and
youth.

Residential density was calculated as the number of hous-
ing units per acre devoted to residential land use within the
child’s census block-group of residence.'*

Covariates

All models controlled for racial/ethnic group (ref: non-
Hispanic white, non-Hispanic black, Hispanic, other); gender
(ref: female, male); a race/ethnicity X gender interaction; age
at baseline (ref: 3-5 years, 6-10 years, 11-13 years, and 14-16
years); and health insurance status (private/other, ref: Med-
icaid) as a proxy for individual SES.”® Models were tested with
the addition of (1) linear, quadratic, and cubic terms in
baseline BMI z-scores to test nonlinear relationships and
(2) Time-1 clinical weight classification categories (i.e.,
ref=normal weight, overweight, obese). Results did not differ
substantively; therefore, findings are presented with control
for linear BMI z-scores at Time 1.

To address confounding by neighborhood SES, all models
included census block-group median family income mea-
sured continuously and log-transformed to correct skewness.

Statistical Analysis

The analysis was conducted in 2007-2008. Using GeoDa
software, Moran’s I was computed to test for spatial auto-
correlation in the dependent variable (i.e., the possibility that
individuals with similar weight status living close to one
another would lead to biased estimates).** Remaining analysis
was conducted with Stata version 10.0.

The study variables were summarized with descriptive sta-
tistics. ANOVA, adjusted as needed for multiple comparisons,
was used to test for differences in mean NDVI and residential
density by each study variable. Multiple linear regression was
used to model BMI zscores at Time 2, controlling for BMI
z-scores at Time 1, the urban-form variables, and covariates.
SEs were adjusted for clustering of observations within census
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block-groups using the Huber-White estimate of variance;
pvalues =0.05 were considered significant.

Residential density and the NDVI were included in the
multiple regression models—first separately, then together.
The fully adjusted models were repeated with the NDVI in
radial and network buffers. The effect modification of asso-
ciations among the NDVI and BMI zscores by age (catego-
rized as above); race/ethnicity (non-Hispanic black versus the
other groups combined); gender; and SES (Medicaid versus
private/other insurance) was assessed for each, using modi-
fied F-tests of the joint significance of the interaction terms.

Finally, logistic regression was used to model the dichoto-
mous measures of 2-year BMI z-score increase as a function of
greenness, residential density, and all covariates.

Results

Most children and youth in the sample were non-
Hispanic black (58%); aged 6-10 years (35%); and
Medicaid enrollees (83%; Table 1). The average block-
group median family income was lower than in the
county as a whole ($36,917/year vs $49,387/year). At
Time 1, 23% of the children and youth were obese,
17% were overweight, and the average BMI z-score was
0.68 SDs above the national reference. Over the study
period, the average BMI z-score increased by 0.08 SDs.

The mean NDVI was higher among non-Hispanic
black children and youth and those with normal
weight, private/other insurance, high block-group fam-
ily income, and index year of BMI measurement in
2000. As expected, the mean NDVI was lower for
children and youth in neighborhoods with residential
density above the 50th percentile, and mean residential
density was lower among children and youth with
higher SES (Table 1).

There was no evidence of spatial auto-correlation in
the Time-2 BMI z-scores (univariate Moran’s I with
fourth-order, nearest-neighbor spatial weights=0.05,
SD=0.01, p=0.58)"% therefore, analysis proceeded
without spatial regression models. Results are reported
for linear NDVI measurements and pooled models
because quadratic and cubic NDVI specifications were
not significant, and F-tests indicated no effect modifi-
cation by age, race/ethnicity, or gender.

As expected, the NDVI and residential density were
inversely correlated (r=-0.48); however, the intracor-
relation coefficient was low enough to model the
variables together and avoid problems with multicol-
linearity.”> A 0.01-unit increase in the NDVI was associ-
ated with lower Time-2 BMI z-scores (8=-0.06 SD, 95%
CI=-0.09, -0.02; Table 2, Model 1). Residential density
was not significantly associated with Time-2 BMI z-
scores when modeled without the NDVI (Table 2,
Model 2). In contrast, a higher NDVI was associated
with lower Time-2 BMI zscores (=-0.07 SD, 95%
CI=-0.11, -0.03), and residential density was margin-
ally associated with lower Time-2 BMI z-scores when
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Table 1. Characteristics of the study sample® (n=3831)

Residential
density”
Variable % or M (SD) NDVI M (SD) p-value M (SD) p-value
Gender
Female 49 0.09 (0.08) 0.83 6.7 (4.2) 0.83
Male 51 0.09 (0.08) — 6.8 (3.5) —
Race/ethnicity
Non-Hispanic white 36 0.07 (0.09) — 6.5 (3.6) —
Non-Hispanic black 58 0.11(0.07) <0.01 6.8 (4.1) 0.15
Other 2 0.12 (0.07) <0.01 6.0 (2.6) <0.01
Hispanic 4 0.06 (0.08) 0.03 7.9 (3.1) <0.01
Age (years)
3-5 24 0.09 (0.08) — 6.9 (4.8) —
6-10 37 0.09 (0.08) 1.00 6.7 (3.3) 1.00
11-13 22 0.09 (0.08) 1.00 6.7 (3.8) 1.00
14-16 17 0.09 (0.09) 1.00 6.8 (4.0) 1.00
Health insurance type
Medicaid 83 0.09 (0.07) — 7.1 (3.6) —
Private/other 17 0.14 (0.09) <0.01 5.3 (5.8) <0.01
Tract median family income $36,906 ($15,272) — — — —
Low (<25th percentile) 25 0.06 (0.07) <0.01 8.7 (5.5) <0.01
Middle (=25th—-=75th percentile) 50 0.08 (0.07) <0.01 7.0 (2.7) <0.01
High (>75th percentile) 25 0.14 (0.08) — 4.2 (2.2) —
Index year
1996 346 0.09 (0.09) 1.00 6.9 (3.3) 1.00
1997 576 0.11 (0.09) <0.01 6.5 (5.0) 1.00
1998 692 0.10 (0.08) 0.02 6.8 (5.1) 1.00
1999 960 0.09 (0.08) 1.00 6.8 (3.4) 1.00
2000 1268 0.09 (0.08) — 6.7 (2.9) —
Residential density” 6.49 (3.90) — — — —
High (>50th percentile) 50 0.05 (0.07) <0.01 — —
Low (=50th percentile) 50 0.13 (0.07) — — —
Baseline BMI z-score 0.70 (1.28) — — — —
Normal weight 2305 0.10 (0.08) — 6.7 (4.0) —
Overweight (=85th—<<95th percentile of 653 0.09 (0.08) 0.19 6.9 (4.6) 0.34
national standards)
Obese (=95th percentile of national 884 0.09 (0.08) 0.03 6.8 (2.8) 1.00
standards)
Time 2 BMI z-score 0.81 (0.76) — — — —

“Children and youth receiving well-child care in a Marion County IN Pediatric Clinic Network with same address for at least 24 months

"Housing units per acre residential land
NDVI, normalized difference vegetation index

greenness and density were modeled together (Table 2,
Model 3).

In all models, children and youth with higher Time-1
BMI z-scores had higher Time-2 BMI zscores. Non-
Hispanic black children and youth had higher Time-2
BMI z-scores in both models that included NDVI (Table
2, Models 1 and 3).

Relationships between NDVI and Time-2 BMI z-
scores were significantly modified by insurance status
(F-test, p<<0.01), with results of greater magnitude for
children and youth with private/other insurance (f=-
0.13 SD, 95% CI=-0.21, —-0.04, p=<0.01) versus Med-
icaid (8=-0.06 SD, 95% CI=-0.10, —-0.01, p=0.01; not
shown in tables).

Associations between the NDVI and Time-2 BMI
z-scores were similar with radial (Table 2, Model 3) and
network buffers (8=-0.07 SD, 95% CI=-0.11, —0.03;
not shown in tables), and the model fits were identical
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(adjusted 7 =0.53). In both models, the estimates for
residential density were of similar direction, magni-
tude, and significance.

In the logistic regression model, higher greenness
was associated with lower odds of increasing BMI
z-scores (OR=0.87; 95% CI=0.79, 0.97; not shown in
tables).

Discussion

In a sample of predominantly African-American, eco-
nomically disadvantaged children and youth, a signifi-
cant inverse association was apparent between nei-
ghborhood greenness and BMI z-scores at Time 2,
controlling for the child’s BMI z-score at baseline and
other important covariates. It also was found that
children and youth in greener settings were less likely
to increase their BMI z-scores over 2 years compared to
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Table 2. Linear regression of neighborhood greenness and residential density on BMI z-scores*” (n=3831)

Model 3 NDVI+residential

Model 1 NDVI Model 2 residential density density
B (95% CI) p-value B (95% CI) pvalue B (95% CI) p-value
Gender (ref: female)
Male —0.01 (—0.09, 0.09) 0.98 —0.01 (—0.09, 0.08) 0.94 0.01 (—0.08, 0.09) 0.98
Race/ethnicity (ref: non-
Hispanic white)
Non-Hispanic black 0.08 (0.01, 0.16) 0.04 0.05 (—0.02,0.12) 0.20 0.09 (0.01, 0.16) 0.03
Hispanic 0.15 (—0.08, 0.37) 0.20 0.15 (—0.07, 0.38) 0.18 0.15 (—0.07, 0.38) 0.18
Other 0.22 (—0.05, 0.49) 0.11 0.20 (—0.07, 0.47) 0.15 0.22 (—0.05, 0.49) 0.11
Age (years) (ref: 3-5)
6-10 0.03 (—0.05,0.11) 0.48 0.03 (—0.05,0.11) 0.49 0.03 (—0.05,0.11) 0.48
11-13 0.05 (—0.02, 13) 0.13 0.06 (—0.02, 13) 0.17 0.06 (—0.02, 13) 0.17
14-16 0.03 (—0.05,0.11) 0.46 0.03 (—0.05,0.11) 0.45 0.03 (—0.05, 0.11) 0.45
Health insurance type (ref:
Medicaid)
Private/other 0.01 (—0.07, 0.09) 0.87 —0.02 (—0.10, 0.06) 0.58 0.01 (—0.07, 0.09) 0.86
Tract median family 0.02 (—0.01, 0.05) 0.30 —0.01 (—0.03, 0.03) 0.86 0.01 (—0.02, 0.04) 0.44
income (log)
Baseline BMI z-score 0.76 (0.69, 0.76) <0.01 0.73 (0.69, 0.76) <0.01 0.73 (0.69, 0.76) <0.01
NDVI —0.06 (—0.09, —0.02) <0.01 — — —0.07 (—=0.11, —0.03) <0.01
Residential density — — —0.01 (—0.01, 0.01) 0.99 —0.01 (—0.01,0.01) 0.06

“Models also controlled for index year and race X gender interaction

"SEs adjusted for neighborhood-level clustering
NDVI, normalized difference vegetation index

their counterparts in less-green neighborhoods. These
findings add to prior cross-sectional studies demon-
strating associations between greenness and weight**
and are distinguished by modeling density and green-
ness together and by longitudinal measures of BMIL

These findings demonstrate that the effect of green-
ness on weight status is independent of residential
density. In contrast, density modeled without greenness
had no effect on BMI z-scores, while marginally protec-
tive effects of higher density were apparent only when
greenness was controlled. Assuming that the inverse
relationships between density and BMI in the adult
literature are driven by enhanced walkability—as de-
fined by street characteristics, commercial-residential
land-use mix, and population density—the current
results suggest that such conceptualizations may have
less relevance to children and youth in urban environ-
ments unless greenness is taken into account. Even
then, the magnitude of the association with residential
density was small.

Associations between greenness and BMI z-scores
were significant and similar when NDVI was measured
within radial versus network buffers. There was no
evidence that network buffers better depict than radial
buffers regions of access and exposure in this sample of
children and youth. In contrast to prior cross-sectional
work demonstrating differences in NDVI-BMI relation-
ships by population density,** no effect modification of
associations was found between neighborhood NDVI
and BMI z-scores by density, perhaps due to different
specification of the dependent variable or areal units
used to measure density.
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Interestingly, non-Hispanic black children and youth
had significantly higher BMI z-scores at Time 2 only
when greenness was controlled. This finding suggests
that the advantageous BMI z-scores in Table 2, Model 2,
similar to those of non-Hispanic white children and
youth, may have been conferred, at least in part, by
greener neighborhood environs.

The magnitude and significance of the NDVI esti-
mates reported here are clinically meaningful and
biologically plausible. Holding height constant and
comparing to a national reference group,”® a BMI
z-score lower at Time 2 by 0.05 SDs equates to lower
weight of approximately 1.6 kg for girls aged 4 years (2
kg for boys) and 5.1 kg for girls aged 16 years (5.9 kg for
boys).

This study’s findings align with previous research
linking exposure to green landscapes with health im-
provements. Among adults, greenness is associated with
less stress and lower BMIL*® improved self-reported
health,*” and shorter post-operative recovery periods.*®
Among children and youth, the positive health effects
of green landscapes include improved cognitive func-
tioning™ and reduced attention deficit hyperactivity
disorder symptoms.*’

Physical activity is one obvious pathway through
which urban vegetation might influence the BMI of
children and youth. Unlike adults, children and youth
in urban environments may be active in a wider variety
of open spaces (e.g., yards, parks, vacant lots) and less
likely to constrain activity to streets and sidewalks.
Consistent with other work,'”™'%21:22:24 this study pos-
ited that greenness might indicate proximity to parks,
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playfields, or other open spaces that promote either
physical activity or increased time spent outdoors in
active play. The findings are consistent with these
claims and supported by prior literature. For instance,
in inner-city neighborhoods, outdoor spaces with trees
are used with higher frequency than treeless outdoor
spaces, and the more trees, the more simultaneous
users.*""*? Children and youth are twice as likely to be
supervised by adults in green urban spaces compared
to barren but otherwise similar spaces.*> Tree shade
and scenery are associated with reports of increased
walking.**

Green landscaping might also influence indirectly
the physical activity of children and youth as an indica-
tor of territorial personalization, implying that inhabit-
ants actively care about their homes.*” In one study,
greener apartment-building surroundings were associ-
ated with reports of fewer crimes.*® It is reasonable to
conjecture that territorial personalization could be
associated with increased community surveillance that
deters crime and thereby increases parents’ willingness
to encourage outdoor physical activity as well as per-
ceptions of safety by children and youth.

Finally, if improved mental health or self-esteem
influence health behavior, greenness could indirectly
influence the BMI of children and youth by providing
access to places for mental and sensory stimulation,
privacy, or opportunities for creative play.*>*”*® Future
research is required to test these potential pathways
and mechanisms with direct measures of child behavior
in prospective studies, ideally those designed to take
advantage of natural experiments in which green space
in urban settings is radically increased or decreased.

The results are subject to limitations. The study
region, geographic scale, and sample limit generaliz-
ability. As an observational study, results may reflect
selection bias if families exhibiting healthier behaviors
related to diet or physical activity also choose to live in
greener neighborhoods. Omitted variables, including
more-robust measures of SES and neighborhood at-
tributes such as crime and the presence of resources
and amenities, may also influence the findings. Addi-
tionally, physical activity is not available in medical
records, precluding the examination of the full se-
quence of environmental factors influencing behavior
and, ultimately, weight status. The temporal mismatch
between the clinical and greenness measures limits the
ability to assess the impact of changing greenness
exposure. Residential density in the study region may
have had insufficient variability to measure its effects.
Future research is warranted within or across settings
with widerranging measures of density.

The results may reflect unmeasured confounding by
SES. In Denver, the NDVI was associated with census
tract-level socioeconomic advantage.”” In Denmark,
access to green areas was associated with lower self-

reported stress and obesity; however, the number of
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trips to green areas did not predict either outcome,
raising the question of whether it is greenness per se
that matters to health, or other associated factors.>® In
this study, most subjects were Medicaid enrollees, pre-
sumably from economically disadvantaged families. No-
tably, these estimates were of similar direction and
significance in high- and low-SES strata; only the mag-
nitude of the estimate differed. It is unlikely that the
general findings were due solely to unmeasured con-
founding by SES.

Conclusion

Greenness is inversely associated with the BMI z-scores
of children and youth at 2 years, controlling for base-
line BMI zscore and important covariates. The effect
appears to be independent of residential density; ro-
bust by buffer type; and of similar direction, mag-
nitude, and significance by gender, age, and race/
ethnicity. These findings support the exploration of
the promotion and preservation of greenspace
within neighborhoods as a means of addressing child-
hood obesity.

The study was approved by the IRB of the Indiana University
School of Medicine. The authors gratefully acknowledge
funding from the Agency for Healthcare Research and Qual-
ity (grant #132-HS013853-01, Bell) and the Department of
Health and Human Services (1 KO08-DK064866-01 and 1
R21-DK075577-01, Liu).

No financial disclosures were reported by the authors of
this paper.

References

1. Koplan JP, Liverman KT, Kraak VI, eds. Preventing childhood obesity:
health in the balance. Washington DC: The National Academies Press,
2005.

2. Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal KM.
Prevalence of overweight and obesity in the U.S., 1999-2004. JAMA
2006;295:1549-55.

3. Freedman DS, Dietz WH, Srinivasan SR, Berenson GS. The relation of
overweight to cardiovascular risk factors among children and adolescents:
the Bogalusa heart study. Pediatrics 1999;103(6Pt1):1175-82.

4. Ebbeling CB, Pawlak DB, Ludwig DS. Childhood obesity: public-health

crisis, common sense cure. Lancet 2002;360:473-82.

. Trent M. Adolescent obesity: identifying a new group of atrisk youth.

Pediatr Ann 2002;31:559-64.

6. Young-Hyman D, Tanofsky-Kraff M, Yanovski SZ, et al. Psychological status
and weightrelated distress in overweight or at-risk-for-overweight children.
Obesity (Silver Springs) 2006;14:2249-58.

7. Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz WH. Predicting obesity
in young adulthood from childhood and parental obesity. N Engl ] Med
1997;337:869-73.

8. Freedman DS, Khan LK, Serdula MK, Dietz WH, Srinivasan SR, Berenson
GS. The relation of childhood BMI to adult adiposity: the Bogalusa heart
study. Pediatrics 2005;115:22-7.

9. Eriksson JG. Epidemiology, genes and the environment: lessons learned
from the Helsinki birth cohort study. J Intern Med 2007;261:418-25.

10. Johnson E, Mclnnes MM, Shinogle JA. What is the economic cost of
overweight children? East Econ J 2006;32:171-87.

11. Wang G, Dietz WH. Economic burden of obesity in youths aged 6 to 17
years: 1979-1999. Pediatrics 2002;109:E81.

o

www.ajpm-online.net



12.

14.

15.

16.

17.

18.

19.

20.

22.

27.

28.

29.

Morland K, Wing S, Diez Roux AV. The contextual effect of the local food
environment on residents’ diets: the atherosclerosis risk in communities
study. Am J Public Health 2002;92:1761-7.

. Morland K, Diez Roux AV, Wing S. Supermarkets, other food stores, and

obesity: the atherosclerosis risk in communities study. Am J Prev Med
2006;30:333-9.

Frank LD, Schmid TL, Sallis JF, Chapman J, Saelens BE. Linking objectively
measured physical activity with objectively measured urban form: findings
from SMARTRAQ. Am J Prev Med 2005;28(252):117-25.

Ewing R, Brownson RC, Berrigan D. Relationship between urban sprawl
and weight of U.S. youth. Am J Prev Med 2006;31:464-74.

Ewing R, Schmid T, Killingsworth R, Zlot A, Raudenbush S. Relationship
between urban sprawl and physical activity, obesity, and morbidity. Am J
Health Promot 2003;18:47-57.

Sallis JF, Prochaska [J, Taylor WC. A review of correlates of physical activity
of children and adolescents. Med Sci Sports Exerc 2000;32:963-75.
Klesges RC, Eck LH, Hanson CL, Haddock CK, Klesges LM. Effects of
obesity, social interactions, and physical environment on physical activity in
preschoolers. Health Psychol 1990;9:435-49.

Baranowski T, Thompson WO, DuRant RH, Baranowski J, Puhl J. Obser-
vations on physical activity in physical locations: age, gender, ethnicity, and
month effects. Res Q Exerc Sport 1993;64:127-33.

Burdette HL, Whitaker RC. Neighborhood playgrounds, fast food restau-
rants, and crime: relationships to overweight in low-income preschool
children. Prev Med 2004;38:57—63.

. Sallis JF, Nader PR, Broyles SL, et al. Correlates of physical activity at home

in Mexican-American and Anglo-American preschool children. Health
Psychol 1993;12:390-8.

Garcia AW, Broda MA, Frenn M, Coviak C, Pender NJ, Ronis DL. Gender
and developmental differences in exercise beliefs among youth and
prediction of their exercise behavior. J Sch Health 1995;65:213-9.

. Norman GJ, Nutter SK, Ryan S, Sallis JF, Calfas K], Patrick K. Community

design and access to recreational facilities as correlates of adolescent
physical activity and body-mass index. ] Phys Act Health 2006;3(1S1):
118-28.

. Liu GC, Wilson JS, Qi R, Ying J. Green neighborhoods, food retail and

childhood overweight: differences by population density. Am ] Health
Promot 2007;21(4S):317-25.

. Wilson JS, Clay M, Martin E, Stuckey D, Vedder-Risch K. Evaluating

environmental influences of zoning in urban ecosystems with remote
sensing. Remote Sensing of Environment 2003;86:303-21.

5. Frank LD, Andresen MA, Schmid TL. Obesity relationships with commu-

nity design, physical activity, and time spent in cars. Am | Prev Med
2004;27:87-96.

Frumkin H. Beyond toxicity: human health and the natural environment.
Am ] Prev Med 2001;20:234—-40.

CDC growth charts for the U.S.: methods and development. Series Report
11, No. 246. www.cdc.gov/growthcharts/.

WHO. Physical status: the use and interpretation of anthropometry. Report
of a WHO expert committee. Technical report series no. 854. Geneva

December 2008

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

44,

45.

46.

47.

48.

49.

Switzerland: WHO, 1995. www.who.int/childgrowth/publications/physical _
status/en/index.html.

CDC. A SAS program for the CDC growth charts. www.cdc.gov/nccdphp/
dnpa/growthcharts/resources/sas.htm.

NASA. Landsat 7 science data user’s handbook. landsathandbook.gsfc.
nasa.gov/handbook.html.

Forsyth A, ed. Environment and physical activity: GIS protocols, version 4.1,
June 2007. www.designforhealth.net.

Haas JS, Lee LB, Kaplan CP, Sonneborn D, Phillips KA, Liang SY. The
association of race, socioeconomic status, and health insurance status with
the prevalence of overweight among children and adolescents. Am J Public
Health 2003;93:2105-10.

Anselin L, Syabri I, Kho Y. GeoDa: an introduction to spatial data analysis.
Geogr Anal 2006;38:5-22.

Kennedy P. A guide to econometrics. Cambridge MA: MIT Press, 1998.
Nielsen TS, Hansen KB. Do green areas affect health? Results from a
Danish survey on the use of green areas and health indicators. Health Place
2007;13:839-50.

Mitchell R, Popham F. Greenspace, urbanity and health: relationships in
England. J Epidemiol Community Health 2007;61:681-3.

Ulrich RS. View through a window may influence recovery from surgery.
Science 1984;224:420-1.

Wells N, Evans G. Nearby nature: a buffer of life stress among rural
children. Environ Behav 2006;35:311-30.

Kuo FE, Taylor AF. A potential natural treatment for attention-deficit/
hyperactivity disorder: evidence from a national study. Am J Public Health
2004;94:1580-6.

Kuo FE, Bacaicoa M, Sullivan WC. Transforming inner-city landscapes:
trees, sense of safety, and preference. Environ Behav 1998;30:28-59.
Coley RL, Sullivan WC, Kuo FE. Where does community grow? The social
context created by nature in urban public housing. Environ Behav
1997;29:468-94.

. Taylor AF, Wiley A, Kuo FE, Sullivan WC. Growing up in the inner city:

green spaces as places to grow. Environ Behav 1998;30:3-27.

Sallis JF, Johnson MF, Calfas K], Caparosa S, Nichols JF. Assessing perceived
physical environmental variables that may influence physical activity. Res Q
Exerc Sport 1997;68:345-51.

Chaudhury H. Territorial personalization and place-identity: a case study in
Rio Grande Valley, Texas. In: Seidel A, ed. Banking on design. Proceedings
of the 25th Annual Conference of the Environmental Design Research
Association. 1994 Mar 16-20; San Antonio TX. Edmond OK: EDRA, 1994.
Kuo FE, Sullivan WC. Environment and crime in the inner city: does
vegetation reduce crime? Environ Behav 2001;33:343-67.

Taylor AF, Kuo FE, Sullivan WC. Coping with ADD: the surprising
connection to green play settings. Environ Behav 2001;33:54-77.

Taylor AF, Kuo FE, Sullivan WC. Views of nature and self-discipline:
evidence from inner city children. J Environ Psychol 2002;22(1-2):49-63.
Mennis J. Socioeconomic-vegetation relationships in urban, residential
land: the case of Denver, Colorado. Photogrammetric Engineering and
Remote Sensing 2006;72:911-21.

Am ] Prev Med 2008;35(6) 553


http://www.cdc.gov/growthcharts/
http://www.who.int/childgrowth/publications/physical_status/en/index.html
http://www.who.int/childgrowth/publications/physical_status/en/index.html
http://www.cdc.gov/nccdphp/dnpa/growthcharts/resources/sas.htm
http://www.cdc.gov/nccdphp/dnpa/growthcharts/resources/sas.htm
http://landsathandbook.gsfc.nasa.gov/handbook.html
http://landsathandbook.gsfc.nasa.gov/handbook.html
http://www.designforhealth.net

	Neighborhood Greenness and 2-Year Changes in Body Mass Index of Children and Youth
	Background
	Methods
	Sample
	Dependent Variable
	Measures of Urban Form
	Covariates
	Statistical Analysis

	Results
	Discussion
	Conclusion
	References


