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Abstract

Objective—To evaluate the association between adult individuals’ body mass index (BMI) and
characteristics of parks (size and cleanliness) in an urban environment taking into account the
physical and social environment of the neighborhood.

Methods—Cross-sectional, hierarchical linear models were used to determine whether park
effects were associated with BMI using self-reported height and weight data obtained from the
Community Health Survey in New York City (2002-2006).

Results—Both the proportion of the residential zip code that was large park space and the
proportion that was small park space had significant inverse associations with BMI after
controlling for individual socio-demographic and zip code built environment characteristics (-0.20
BMI units across the inter-quartile range (IQR) for large parks, 95% CI -0.32, -0.08; -0.21 BMI
units across the 1QR for small parks, 95% CI -0.31, -0.10, respectively). Poorer scores on the park
cleanliness index were associated with higher BMI, 0.18 BMI units across the IQR of the park
cleanliness index (95% CI 0.05, 0.30).
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Conclusions—This study demonstrated that proportion of neighborhoods that was large or
small park space and park cleanliness were associated with lower BMI among NYC adults after
adjusting for other neighborhood features such as homicides and walkability, characteristics that
could influence park usage.

INTRODUCTION

As the prevalence of obesity has continued to rise nationally and in New York City (NYC),
public health officials have engaged in multi-faceted prevention efforts aimed at reducing
adult and childhood body mass index (BMI). In addition to developing programs designed to
improve access to healthy foods, officials in NYC have promoted design and zoning
initiatives intended to improve the use of space to encourage physical activity.(White House
Task Force on Childhood Obesity Report to the President, 2010, New York City
Government, 2010, New York City Department of Health and Mental Hygiene, 2010),(New
York City Department of Design and Construction, 2010)

Existing research examining the association of built environment characteristics such as park
access, size, and quality with obesity has produced mixed results. Some studies found an
inverse association between park size, access, and density and weight outcomes(Jaime et al.,
2011, Wolch et al., 2011, Saelens et al., 2012, Rundle et al., 2012) while other studies
reported no association.(Potestio et al., 2009, Potwarka et al., 2008, Burdette and Whitaker,
2004, Prince et al., Norman et al., 2006) The lack of consistency in these findings may be
attributed to cross-study heterogeneity in park size and characteristics and possibly
differences in the neighborhood context surrounding parks. Park size may be an indicator for
active versus passive engagement in physical activity, which in turn may affect obesity;
whereas the condition and aesthetics of the park could impact visitation.(Bedimo-Rung et
al., 2005) As opposed to active engagement which places an emphasis on moderate to
vigorous physical activity, passive usage leads to more sedentary behaviors such as
contemplation, picnicking or sunbathing.(Bedimo-Rung et al., 2005) Characteristics of the
surrounding neighborhood are also likely important. For example, while distance to parks
may be an important indicator of availability, whether an individual actually travels that
distance and visits the park may depend on neighborhood safety measures, land use mix, and
walkability.(Bedimo-Rung et al., 2005, Weiss et al., 2011) Previous research has shown that
safety can be a factor in how residents perceive a local park, and whether proximity
translates into use of the park and corresponding health benefits such as reduced obesity.
(Mobley et al., 2006, Weiss et al., 2011, Cultts et al., 2009, Leslie et al., Scott D and EL,
1996) Furthermore, multiple studies have demonstrated associations between neighborhood
walkability and physical activity and reduced risk of obesity.(Sallis and Glanz, 2009, Rundle
etal., 2007, Rundle et al., 2009, Frank et al., 2004) Neighborhood context may be
particularly relevant in a dense urban environment such as NYC where many residents
access parks by walking or public transportation.

The purpose of this study was to evaluate the association between individuals’ body mass
index (BMI) and characteristics of parks (size and cleanliness) in an urban environment
taking into account the physical and social environment of the neighborhood such as
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walkability, poverty, and homicides. We hypothesized that both characteristics of the park
and the neighborhood surrounding the park affect BMI.

The Community Health Survey (CHS) is a random-digit dial telephone survey of non-
institutionalized adults aged 18 years and older conducted annually by the NYC Department
of Health and Mental Hygiene (DOHMH) to monitor a range of health topics. Five
consecutive years of survey data (2002-2006) were linked using Zip codes to geo-spatial
data describing characteristics of the built environment. Sampling design and the weighting
mechanism have been described elsewhere.(New York City Department of Health and
Mental Hygiene, 2009)

BMI, the outcome of interest in this study, was calculated using self-reported weight in
pounds divided by self-reported height in inches squared, multiplied by a factor of 703 (to
convert pound/in? to kg/m?). To reduce measurement error in BMI due to self-reported
height and weights, a two-step procedure to eliminate biologically implausible BMI values
was employed. First, subjects with height and weight values outside of established ranges
(male height: 51.3-80.5 inches, male weight: 85.6-480.9 pounds; female height: 51.8-73.5
inches, female weight: 74.1-570.9 pounds) were eliminated. Second, subjects with BMI
values outside of a valid range (male: 14.9-65.0; female: 13.4-76.1) were removed. (de Onis
and Habicht, 1996, Physical status: the use and interpretation of anthropometry, 1995) From
2002 to 2006 a total of 48,482 subjects completed the CHS survey. After removing
implausible BMI values and missing height and weight data, there were 44,282 subjects
available for analysis.

The New York City Department of Parks and Recreation (NYCDP&R) provided data on
park boundaries and park cleanliness. To account for park access of residents living in Zip
code neighboring parks, all Zip code boundaries were buffered by 400 meters. The
proportion of buffered Zip code area defined as park space was used as a measure of Zip
code level park access. This variable was further delineated into the proportion of buffered
Zip code that was large park space (> 6 acres) and the proportion that was small park space
(< 6 acres); a definition determined by the NYCDP&R for administrative purposes.

The Park Inspection Program (PIP), conducted twice annually by NYCDP&R, provided
park cleanliness measures. Specific details of this program have been reported elsewhere.
(Rundle et al., 2012) Briefly, for each park, zones were created and evaluated on four
cleanliness measures (the presence of litter, glass, weeds, and graffiti) on an annual basis
and then averaged across the years 2000-2006. The four neighborhood-level cleanliness
metrics have a range of 0 for no inspection failures in any park zone within the Zip code to 1
indicating failure on all park zone inspections within the Zip code. A total park cleanliness
score assessed the overall condition of park cleanliness and was calculated by averaging the
combined four individual measures.

Further Zip code-level measures of the built environment were derived to assess the
association between neighborhood safety and walkability and BMI. To calculate the average
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number of homicides per 10,000 persons for each Zip code, the total number of homicides
from 2003-2006 were averaged and divided by the Census 2000 population estimate.(New
York Times, 2006) A neighborhood walkability index was calculated for each Zip code,
incorporating several built environment measures including residential unit density, street
intersection density, land use mix, retail floor space, and density of subway stations. The
details of the construction of this variable have been described elsewhere.(Neckerman et al.,
2009)

Descriptive statistics were used to describe the demographic characteristics of the study
population with stratification by the proportion of Zip-code land area that was large parks
and the proportion that was small parks. The Chi-square test was used to evaluate
categorical variables by park space above and below the median for each pair, large and
small. The T-test was used to compare mean BMI for large and small park space above and
below the median. Associations between Zip code-level park space, park quality, walkability
and homicides were determined using Pearson correlation coefficients. A linear mixed
effects model which included a random effect for Zip code to account for clustering of BMI
within each Zip code was used to predict individual BMI, adjusting for individual-level
variables including: sex, age, race/ethnicity, education, household income relative to the
United States federal poverty line, nativity, marital status, self-reported health, employment,
and the number of children under the age of 18 in the household. All individual-level data
was obtained by interview from the CHS. The proportion of residents below the federal
poverty line was also included as a neighborhood variable and identified from the United
States Census 2000. Each neighborhood-level variable was re-scaled by subtracting the
median and dividing by the interquartile range (IQR). This approach improved
comparability across the measures so the beta coefficients reflect associations with a
difference in the interquartile range of that variable. The model accounted for Zip code-level
sampling weights. Analyses were performed using HLM version 6.08 (Scientific Software
International, Skokie, IL) and Stata version 12 (Stata Corporation, College Station, TX).

RESULTS

Demographic characteristics of the study population are presented in Table 1. Large park
space as a percentage of Zip code land area ranged from 0% to 79% (median=6.4%). Small
park space as a percentage of Zip code land area ranged from 0% to 8% (median=1.25%).
After stratifying Zip codes by the median percentage of parks within a Zip code, there were
no significant differences existed among demographic characteristics (P>0.05) (Table 1).
The spatial distribution of the percentage of large and small parks can be observed in Figure
1.

Table 2 illustrates the correlations among Zip-code level built environment characteristics.
There was no correlation between the percentage of the Zip area that was small park area
and the percentage that was large park. Walkability had a significant inverse correlation with
large parks (p=-0.40) and a positive correlation with small parks (p=0.28). Homicides per
10,000 persons had a significant positive correlation with both the percentage of area that
was small parks (p=0.29) and with park cleanliness score (p=0.30), indicating that poor
cleanliness scores had a positive association with homicide.
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The multi-level modeling results revealed that both the proportion of the residential zip code
that was large park space and the proportion that was small park space had significant
inverse associations with BMI after controlling for individual socio-demographic and zip
code built environment characteristics (-0.20 BMI units across the inter-quartile range (IQR)
for large parks (95% CI -0.32, -0.08); -0.21 BMI units across the IQR for small parks (95%
Cl -0.31, -0.10), respectively; Table 3). Poorer scores on the park cleanliness index were
associated with higher BMI ($=0.18, 95% CI 0.05, 0.30). Homicides per 10,000 persons had
a significant positive association with BMI ($=0.33, 95% CI 0.17, 0.49) and increasing
walkability had a significant inverse association (3=-0.40, 95% CI -0.50, -0.30). When
considering the count of large and small parks in each zip code instead of the proportion of
land covered by large and small park space in each zip code, the direction, magnitude, and
significance of the associations with BMI did not change (data not shown).

DISCUSSION

This study demonstrated that greater neighborhood park access and greater park cleanliness
were associated with lower BMI among NYC adults after adjusting for other neighborhood
features such as homicides and walkability, characteristics that could influence park usage.
This research supports policy aimed to improve park utilization through increasing the
density and quality of parks and through improvements of the neighborhoods in the vicinity
of parks.

Few studies have evaluated the association between park size or access and BMI in adults;
most of the studies examining this association have focused on adolescents and
demonstrated mixed results.(Wolch et al., 2011, Potwarka et al., 2008, Potestio et al., 2009,
Burdette and Whitaker, 2004, Gordon-Larsen et al., 2006, Saelens et al., 2012) Among
adults, the findings from this study were consistent with previous studies demonstrating a
negative association between weight outcomes and physical activity environments including
parks and sports facilities.(Saelens et al., 2012, Jaime et al., 2011, Rundle et al., 2012) An
analysis by Rundle et al. evaluated park size in NYC as a determinant of BMI and observed
an inverse association between access to large parks and BMI, similar to the results
presented here; however, this effect was not observed for small parks.(Rundle et al., 2012)
In contrast to Rundle et al., this analysis observed that access to large park space and access
to small park spaces were both inversely associated with BMI and with similar magnitudes
of association. One possibility to explain the discrepant results between the studies focuses
on how each study defined neighborhoods. First, the report by Rundle et al. defined a
subject’s neighborhood as a half-mile radial buffer around his or her geo-coded residential
address and, in contrast, this analysis focused on Zip code-specific effects. Aggregating data
by different spatial scales may alter the observed association, a geographic concern known
as the Modifiable Areal Unit Problem (MAUP) which is a problem for comparing results
across studies that used different spatial scales of analysis.(Waller and Gotway, 2004,
Openshaw, 1984) In comparing these two studies, as the geographic unit under
consideration increases in size, small park space may have a greater influence on BMI in an
urban environment where traversing across narrower administrative boundaries may not
reflect the actual neighborhood attributes. Furthermore, the CHS data used for this study
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relied on self-report of BMI and uses a complex survey sample design as opposed measured
BMI and a volunteer-based sample used in Rundle et al.

The mechanism through which park access and size are related to lower BMI is unclear. The
finding that large park space is a predictor of BMI is consistent with the interpretation that
large parks provide a mechanism for increased physical activity. However, this study
observed inverse associations of similar magnitude for both large and small park sizes and
BMI. Because smaller parks are less likely to support physical activity (e.g., usually lack
running/walking path), the observed association might result from walking to get to the park,
rather than physical activity in the park. Alternatively, small parks may be associated with
lower BMI, but through a non-physical activity mechanism on individuals and the
community. The presence of neighborhood parks induces feelings of pleasure and has the
potential to reduce stress, anxiety, and depression; and thus have psychological health
implications. (Bedimo-Rung et al., 2005)

Small parks might represent areas to foster community cohesion and social capital through
formal and informal gatherings.(Bedimo-Rung et al., 2005) Social capital reflects features of
the social environment through the relationships of people that promote trust, shared values,
and norms of reciprocity.(Kawachi et al., 1999, Broyles et al., 2011) Within neighborhoods,
social capital has the opportunity to prevent crime, improve the physical activity
environment, and enhance local government.(Kawachi et al., 1999) Small community parks
may be a setting in which, health information can be shared, models of physical activity can
be established, and most importantly be a place where healthy behavioral norms can be
established.(Broyles et al., 2011) Though the current analysis does not directly measure
social capital and park usage, the modest inverse effects of small park space and BMI might
suggest the presence of small parks in a Zip code reflects an environment amenable to a
lower BMI.

After adjustment for built environment characteristics, the walkability index had the largest
inverse association with BMI (-0.41 BMI units across the inter-quartile range). Previous
studies have consistently observed an inverse association between neighborhood walkability
and weight outcomes similar to the results observed in this study.(Sallis and Glanz, 2009,
Frank et al., 2004, Rundle et al., 2007, Rundle et al., 2009) A high walkability index score,
indicating high street connectivity, access to public transportation, mixed land use, and high
population density, is indicative of an environment that promotes pedestrian activity which
may lead to increased physical activity or co-occur with a food environment that is more
varied and thus potentially supportive of more nutritious food options.(Freeman et al., 2013)

This study has several limitations. The cross-sectional study design limits causal inference.
The observed associations between park size and BMI may be reflective of self-selection
bias as residents who engage in regular park use may choose to live in Zip codes with a
higher percentage of park space. Residential self-selection could also have resulted in
individuals with a healthy lifestyle choosing to live in neighborhoods with less crime and
greater walkability. However, residential choice in NYC is often limited by financial
pressures and influenced through residential clustering by income, race, and ethnicity. To
limit the extent of this potential bias and the opportunity for reverse causality, individual-
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level education, race, ethnicity, and socioeconomic status and Zip code socioeconomic
status were included in the model. Further research should consider the use of an instrument
to explore individual healthy-lifestyle factors prior to and after moving to a new Zip code
and reasons for relocation as a mechanism to clarify the direction of the association. Finally
as discussed above, Zip codes were used as the spatial scale for this analysis; an
administrative unit that creates artificial boundaries. For example, residents living adjacent
to a park but in a different Zip code would not be conferred the advantages of this park in a
traditional Zip-code based analysis particularly where Zip-codes cover large land areas. To
remedy these boundary effects, Zip code was buffered by 400 meters and this buffered park
space was attributed to the adjacent Zip code. However, it is unclear if a 400 meter buffer is
the appropriate boundary dimension.

Despite these limitations, this study has several strengths. First, the analysis adjusted for
measures of neighborhood context including walkability, safety, and poverty that could
influence BMI directly or through their effects on park usage. In addition, the study included
measures of park cleanliness, obtained from the NYCDP&R Park Inspection Program; such
objective measures of park maintenance are rarely available for studies relating park features
to health outcomes.

In conclusion, this study provides additional evidence in support of increasing park space
and better maintained parks as a way to reduce BMI among adults. Furthermore, these
findings point to the influence the social and physical context of the neighborhood has on
BMI. As urban planners and public health officials consider ways to enhance and design
neighborhoods, efforts should be given to creating safe and clean physical activity
environments that encourage use among nearby residents.
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Figure 1.

Distribution of the percentage of large and small parks across New York City zip codes
(through 2006). Increasing color intensity illustrates zip codes with a higher proportion of

park space.
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Table 3

Adjusted multivariable linear mixed effects model examining the association between Body Mass Index and
Zip code level characteristics of the built environment? (Estimate (95% CI); NYC 2002-2006).

Neighborhood Characteristic? Study Sample (N=37,543)¢  P-value
Proportion Poverty 0.37 (0.15, 0.59) 0.001
Neighborhood Walkability Index -0.40 (-0.50, -0.30) <0.001
Average Homicides per 10,000 persons 0.33(0.17, 0.49) <0.001
Percentage Large Park -0.20 (-0.32, -0.08) 0.001
Percentage Small Park -0.21 (-0.31, -0.10) <0.001
Area Weighted Park Cleanliness Score 0.18 (0.05, 0.30) 0.007
Proportion of Variance Explained 89%

a . . . - .
Model adjusts for gender, age, race/ethnicity, income to poverty ratio, nativity, marital status, self-reported health, employment, and presence of
children in the household and the beta coefficient presented in the table is mutually adjusted for the other variables listed in the table.

b - . . .
Beta coefficient estimated for a difference equivalent to a 1 IQR change.

C6739 individuals excluded due to missing data.
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