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Introduction

Obesity and overweight are major public health problems. An estimated 65% of US adults
are overweight or obese (Hedley et al., 2004) with up to 280,000 annual deaths attributable to
obesity (Allison, Fontaine, Manson, Stevens, & Vanltallie, 1999; Flegal, Graubard, Williamson, &
Gail, 2005). Given rapid increases in obesity, researchers have begun to emphasize how
obesogenic physical environments may account for this trend (Jeffery & Utter, 2003). Yet,
observational studies linking the physical environment to the risk of being overweight or obese are
limited by the fact that residents do not select their neighborhoods at random. If significant
associations are found between neighborhood characteristics and residents’ overweight and obesity
rates in observational studies, one cannot confidently draw conclusions about causality.
Neighborhood features may prevent or reduce overweight and obesity by causing people to be
more physically active or choose healthier diets; alternatively, individuals with healthy body mass
indices (BMIs) may choose neighborhoods that support their pre-existing healthy lifestyle.

To assess the potential for non-random selection of residents into neighborhoods, we
undertake cross-sectional analyses that contrast the neighborhood determinants of youth and young
adult risks of being overweight or obese, using driver license data from the Utah Population
Database (UPDB). This analysis assumes that youths have no input into their parents’ choice of
residential location but after they leave their parents’ homes, their residential location choices may
be affected by their own preference for physical activity, as well as other factors such as proximity
to kin, work, open space, and food-related businesses, and the social and cultural composition of
the neighborhood. Under these assumptions, neighborhood characteristics are viewed as an

exogenous determinant of youth BMI (Ewing, Brownson, & Berrigan, 2006) but not young adults’



BMI. This suggests that comparisons of age-specific regressions that relate neighborhood

characteristics to individual BMI can shed light on the issue of neighborhood selection bias.

Neighborhood Characteristics and BMI

Past research has found relationships among walkable neighborhood designs, support for
physical activity and healthy eating, and the risk of being overweight and/or obese (Doyle, et al.,
2006; Ewing, et al., 2006; Giles-Corti, et al., 2003; Lopez, 2004; Ross, et al., 2007; Rundle, et al.,
2007; Smith, et al., 2008). These studies use a range of walkability measures but reach fairly
consistent conclusions about neighborhood walkability and BMI. For example, some research has
linked higher density neighborhoods to lower BMI (Lopez-Zetina, Lee, & Friis, 2006; Lopez,
2004; Ross et al., 2007; Rundle et al., 2006; Smith et al., under review; Stafford et al., 2007;
Vandegrift & Yoked, 2004). Indicators of diverse and walkable destinations in a neighborhood
have been associated with lower weight (Frank, Andresen, & Schmid, 2004; Mobley et al., 2006;
Rundle et al., 2006; Smith et al., under review; Stafford et al., 2007; Tilt, Unfried, & Roca, 2007).
More pedestrian friendly street connectivity or accessible and high quality sidewalks have also
been associated with fewer weight problems (Boehmer, Hoehner, Deshpande, Ramirez, &
Brownson, 2007; Doyle, Kelly-Schwartz, Schlossberg, & Stockard, 2006; Giles-Corti, Macintyre,
Clarkson, Pikora, & Donovan, 2003; Smith et al., under review). In all of these studies,
neighborhood characteristics are treated as exogenous factors. That is, land use diversity, density,
and design as well as the social and cultural aspects of a neighborhood are seen as predetermined
factors that affect an individual’s risk of being overweight or obese.

More recently, work by Plantinga and Bernell (Plantinga & Bernell, 2005; Plantinga &

Brenell, 2007) challenges the assumption that neighborhood characteristics are fixed. They build



and test a model where choices about residential location are made simultaneously with choices
about work, leisure, and consumption. Using longitudinal data from the National Longitudinal
Survey of Youth, Plantinga and Bernell estimate a cross-sectional model where BMI is estimated
as a function of a contemporaneously measured county-level sprawl, based upon Ewing’s index
that combines measures of density and pedestrian friendly design (Ewing, Schmid, Killingsworth,
Zlot, & Raudenbush, 2003). The results of this model are then compared to the results of a
longitudinal mover-stayer model where the change residential location is modeled as a function of
the pre-move BMI while the subsequent change in BMI is modeled as a function of the change in
the county sprawl index. Although these later analyses are based on relatively small sample sizes
(Ns ranging from 262 to 381), Plantinga and Bernell find evidence suggesting that BMI and
residential location are likely simultaneously determined; individuals lose weight when they move
to denser neighborhoods and lower BMI individuals choose denser neighborhoods.

The results of Plantinga and Bernell’s empirical work (2007) lead them to question public
policy initiatives aimed at reducing weight problems by modifying neighborhood environments to
promote greater physical activity. They argue that such initiatives may serve to attract residents
who already have lower BMIs thus limiting the effectiveness of such policies in reversing recent
trends in obesity.

Plantinga and Bernell’s analyses raise interesting questions about the underlying
relationship between residential location and BMI. In this paper, we build upon their work in
several ways. First, we employ more fine-grained geographies to capture neighborhood
characteristics that may be associated with BMI. Plantinga and Bernell are limited to a county-
level measure of sprawl which they treat as a dichotomous variable. In contrast, our analyses are

based on census block group and census tract level measures of specific neighborhood



characteristics that have been linked to BMI in past studies.' Thus, we use a smaller geographic
scale and more detailed indicators of at neighborhoods that may better represent the size of the
neighborhood typically associated with physical activity, such as walking (Colabianchi et al.,
2007).

Second, rather than rely on a small number of movers to assess the endogeneity of
residential location and BMI, we compare the estimated relationships between neighborhood
characteristics and overweight/obesity risk for two groups. The first group is composed of 16 to
18 year olds who, as dependents, are likely to have little or no choice over their family’s residential
location. The second group is composed of individuals aged 27 to 29 who, in most instances, will
have established residence independent of their families of origin and thus, can be viewed as
making choices that allow for the possibility that BMI and residential location are simultaneously
determined. If the relationships between neighborhood characteristics and overweight/obesity risk
do not differ across the two groups, we will conclude that there is little evidence of residential self-
selection by BMI. In contrast, if the relationships are significantly different by age, then this
would re-affirm Plantinga and Bernell’s residential selection thesis and it would show on which
dimensions the selection mechanisms may be operating.

The strategy of making age comparisons to evaluate selection bias in neighborhood
research builds upon prior research. Turley (Lopez Turley, 2003) examined whether the effects of
neighborhood characteristics were stronger for children who lived in a neighborhood longer,
suggesting that it is neighborhood factors, rather than family characteristics, that affect childhood
outcomes. Kowaleski-Jones et al. (2006) used this strategy to examine selection bias in studies of

neighborhood characteristics and youth outcomes. Indeed, this strategy of cross-sectional

" Approximately 4,000 individuals comprise a census tract while about 1,500 individuals comprise
a census block group.



comparisons by age may be an effective tool in understanding the nature of selection bias in non-

experimental data.

Research Design

This study utilizes data from the Utah Population Database (UPDB). The UPDB is one of
the world’s richest sources of linked population-based information that focus on demographic,
genetic, epidemiological, and public health outcomes. It includes information on over 1.6 million
individuals. Measures of BMI, overweight, and obesity, as well as spatial location are derived
from driver license data that have been linked to the UPDB under an agreement with the Utah
Department of Public Safety. As part of the University of Utah’s Institutional Review Board
approval process, the UPDB staff retains the driver license address information and provides
researchers with driver license BMI information linked to census block groups via Universal
Transverse Mercator (UTM) coordinates. Height and weight information are converted to BMI
(weight in kg/height in m”) and then converted again to categorical measures of overweight
(25<BMI< 30) and obesity (BMI>30) in relation to healthy weight (18.5 <BMI < 25).

The UPDB has the advantage of extensive coverage but the potential disadvantages of self-
reported weight and a time lag between the physical environment and weight measures. The
weight data likely share the limitations of self-reported weight in other studies. Specifically,
individuals often underestimate their weight (Gorber, Tremblay, Moher, & Gorber, 2007; Nawaz,
Chan, Abdulrahman, Larson, & Katz, 2001) with especially high error rates on self-reported
weight for those over age 60 (Kuczmarski, Kuczmarski, & Najjar, 2001). Nevertheless, self-
reported weights, such as those in the CDC Behavioral Risk Factor Surveillance System (BRFSS),

have proved valuable for monitoring obesity trends in the US (Centers for Disease Control and



Prevention, 2007; Mokdad et al., 2003). Given self-reported weight underestimation, the time lag
between census and driver license data, and the fact that individuals typically gain weight over
time, the estimates in this study are likely underestimates of current weight. We have no evidence
that self-reported weight is geographically biased.

For the purposes of the current study, we selected all individuals in the UPDB between the
ages of 16 to 18 and 27 to 29 who had valid driver licenses and lived in Salt Lake County. These
age and geographic restrictions resulted in samples of 8,876 males and 8,599 females between the
ages of 16 and 18, and 26,791 males and 22,556 females between the ages of 27 and 29.> The age
category 27 to 29 is used as the comparison because these individuals are likely to have left home
(White, 1994), completed schooling, and to have exercised choice in their residential location. We
elect to focus on residents of Salt Lake County because of its considerable variation in
neighborhood diversity, density, and design as measured for 564 census block groups in the county
(Smith et al., under review).

Neighborhood characteristics taken from the 2000 Census and measured at the block group
and census tract level are linked to individuals in the UPDB based on the UTM for their residence.
Measures of density and walking to work are assessed at the block group level. Information on
median age of houses in the neighborhood is not available at the block group level, so it is assessed
at the census tract level. Pedestrian-friendly design is measured by street connectivity and our

proxy for this is the number of intersections within a quarter mile of the resident’s home. Street

* The Federal Highway Administration (2008) estimates that only 29.6% of 16 year olds had a
driver license in 2006. Thus, the sample size difference between the two age groups reflects the difference
in the propensity to have a driver license by age. Utah requires that drivers provide height and weight
information at the time they get their license and that it be updated after a change of residence, name
changes, loss of license, or at the time of renewal which is required every ten years. Assuming that most of
the 27-29 year olds recently renewed their driver licenses, both age groups should have relatively current
height and weight reports.



connectivity is derived from street centerline data from the Salt Lake County assessor's office

(www.assessor.slco.org/cfml/GIS.cfm). The University of Utah DIGIT Lab calculated

intersections within buffers that extend .25 mile from a point that approximates the location of the
home (i.e., a 10-meter perpendicular offset from the center line of the road in front of the resident’s
home).

At the individual level, all analyses control for individual-level age and sex as recorded on
the driver license. Additional socio-demographic census variables taken from the 2000 census
include neighborhood racial/ethnic composition (the proportion of the block group that is Hispanic,
African-American, Hawaiian/Pacific Islander, and Asian), median family income, and median age
of individuals in the block group.

Logistic regressions are estimated to assess if neighborhood characteristics relate to the
odds of being overweight and obese in relation to having a healthy BMI when controlling for
individual and neighborhood socio-demographic characteristics. These logistic regressions are
estimated separately for males and females. To test explicitly for neighborhood selection effects,
we include both the 16-18 year olds and the 27-29 year olds together in the same regression. We
also include a dummy variable set equal to one if the respondent is age 16-18, and set equal to zero
otherwise, that is interacted with all of the independent variables in the regression. We view the
coefficients for the 16-18 year olds as valid estimates of the structural relationships between
neighborhood design and individual BMI assuming that adolescents have little or no voice in
residential choice. Thus, the interaction effects become a test of neighborhood selection if the
effects of neighborhood characteristics for individuals age 27-29 include the influence of their

residential preferences along with “true” neighborhood effects.



All estimation uses SAS software (Cary, NC, 2002 Version 9.1.3 using PROC
SURVEYLOGISTIC). Analyses adjust for statistical dependence among observations induced by
clustering of cases within block groups (Binder, 1983; Séarndal, Swenson, & Wretman, 1992).

Given our large sample size, the significance level adopted is p <.05.

Results

Variable definitions and mean values by BMI status (i.e., healthy weight, overweight,
obese) are presented in Table 1 for the females and in Table 2 for the males. Several elements of
these tables are noteworthy. First, we find that while males in either age group have higher rates
of overweight and obesity than their similarly aged female counterparts, the risk of being
overweight or obese increases with age for both genders. For the females, 85% of the 16-18 year
olds are in the healthy weight group but the figure falls to 71% for women in the 27-29 year old
age group. Correspondingly, for males the figures are 77% in the healthy weight group for the 16-

18 year olds and 52% for the 27-29 year olds.

[Insert Tables 1 and 2 Here]

Second, at the bivariate level, it would appear that many of the associations between the
socio-demographic characteristics of a neighborhood and BMI that hold for 16-18 year olds are
also present for the sample of 27-29 year olds. Specifically, overweight and obese females in both
age groups are more likely to live in lower income neighborhoods, in neighborhoods with higher

proportions of Hawaiians/Pacific Islanders and Hispanics, and in neighborhoods where the age of
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the median resident is younger, compared to similarly aged healthy-weight females. These age
patterns also hold for males in Table 2.

Finally, young adults live in neighborhoods that differ from those of 16-18 year olds, and
these differences are consistent with what is known about residential histories. Young adults live
in neighborhoods that could be characterized as more walkable than the neighborhoods of the teen-
agers. Both males and females age 27-29 tend to live in older and denser neighborhoods relative
to their younger counterparts. They also tend to live in neighborhoods where higher proportions of
workers walk to work and pedestrian friendly design (i.e., intersection density) is greater. But, no
clear pattern emerges between these physical features of a neighborhood and BMI within
age/gender groups.

Estimates for female risk of being overweight relative to healthy weight demonstrate clear
patterns of statistical significance that do not vary by age group.” This conclusion is based on the
lack of significant interaction terms in the overweight model. Females are more likely to be
overweight when the neighborhood population has greater proportions of Hawaiian/Pacific
Islanders and Hispanics, lower resident ages, and lower family median incomes, as shown in
Table 3. Conversely, lower risks of female overweight are associated with higher proportions of
the population that is Asian, higher proportions of workers who walk to work, and older
neighborhood housing. These relationships hold for both the females age 16-18 and their
counterparts age 27-29, suggesting no evidence of selection for these factors associated with
overweight.

[Insert Table 3 Here]

? The coefficient associated with the age interaction on median year built does come close to being statistically
significant (p=.0518).
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For models that examine the risk of being obese among women, associations are somewhat
more complicated. We again find that both age groups are more likely to be obese in
neighborhoods with greater proportions of Hispanics and younger residents and less likely to be
obese in older neighborhoods with more residents who walk to work. But, the estimates also show
that more pedestrian friendly neighborhoods (i.e, those with greater intersection density within a
quarter mile radius of the individual’s home) are associated with higher risks of adolescent females
being obese while they do not affect the risk of being obese among the older females, ceteris
paribus. In addition, the significant relationship between decreasing median family income in the
neighborhood and the increasing risks of female obesity are stronger for adolescents than it is for
young adults. These results suggest that there may be some simultaneity between choice of
residential location and the risk of obesity for females.

Logistic regressions for males are presented in Table 4 where we do not generally find
support for the hypothesis that residential location and BMI are endogenous. The results are
remarkably consistent across age groups and across the two equations for overweight and obesity
risk. Both the risk of being overweight and the risk of obesity are related to lower median family
income in the neighborhood, younger median age of residents in the neighborhood, greater
proportions of workers who walk to work in the neighborhood, and older median ages of homes in
the neighborhood. Male overweight or obesity risk is also related to greater proportions of
residents in the neighborhood who are Hispanic. These statistically significant associations hold
for males in both age groups.

[Insert Table 4 Here]
One age-related interaction is statistically significant in both of the males’ logistic

regressions. For the equation for the risk of being overweight, the proportion of the population
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who are Asian is positively related to the risk of being overweight among those aged 16-18 but is
insignificant for males aged 27-29. Similarly, in the equation that focuses on the risk of obesity,
the lower the median family income the higher the risk of obesity, but the relationship is stronger

for the 16-18 year old males than it is for the 27-29 year old males.

Discussion and Conclusions

Our analyses of causal and selection mechanisms linking neighborhood characteristics to
an individual’s risk of having an unhealthy weight is predicated on the assumption that 16-18 year
olds have little or no choice over their residential location. Consequently, neighborhood
characteristics are exogenous factors affecting the BMI of these adolescents. We further assume
that 27-29 year olds have considerable choice over their residential location. If preferences for
physical activity and eating options affect young adults’ choices about residential location, then
models that treat neighborhood characteristics as exogenous are misspecified. These assumptions
allow us to compare coefficients estimated for the 27-29 year olds to those estimated for the 16-18
year olds as a test of neighborhood selection effects.

We find robust effects of median neighborhood income, neighborhood ethnic composition,
median age of residents in the neighborhood, the proportion of workers who walk to work, the
median year the neighborhood housing was built on the risk of being overweight and obese. These
results are consistent and they strongly suggest that both socio-demographic and physical features
associated with neighborhood walkability affect people’s level of physical activity and
consequently their BML

The percentage of workers in a neighborhood who walk to work is typically low, averaging

less than 3% in the U.S and less than 2% in Salt Lake County. Thus, walking to work by that
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small fraction of individuals is unlikely to be directly responsible for the lower BMI of a particular
person in the neighborhood. Rather, higher proportions of individuals who walk to work likely
indicate a neighborhood with other walkability features that may encourage residents to walk more
generally. This same argument may hold for the housing age variable as well. Berrigan and
Troiano (Berrigan & Troiano, 2002) note that older housing is associated with neighborhoods that
mix business with residential land uses, and that have more sidewalks, and more interconnected
streets. Our analyses demonstrate a robust effect for housing age on weight outcomes, even after
controlling for other physical features of the neighborhood. Likewise, median income in a
neighborhood along with the neighborhood’s demographic composition may be capturing a mix of
neighborhood walkability effects including increased access to recreational opportunities (e.g.,
gyms, community centers) and more appealing walking venues (e.g., parks).

Our analyses have key advantages over previous work by Plantinga and Bernell (2007) in
our use of more numerous and more immediate measures of the neighborhood environment. In
addition, we have the statistical advantage of much larger sample sizes. That said, we have weaker
evidence regarding residential selection effects than Plantinga and Bernell. For females, the
strongest evidence exists when estimating the risks of being obese relative to healthy weight with
weaker evidence revealed in the equation estimated for the risk of being overweight relative to
healthy weight. For males, the linkages between neighborhood characteristics and the risk of
being overweight or obese are remarkably consistent across teen and young adults suggesting that
selection effects are even weaker for men.

An intriguing finding is the interaction effect between neighborhood-level median family
income and age with respect to the risk of obesity. For both genders, rising median family income

reduces the risk of obesity but this association is stronger for teens than for young adults. This
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suggests that neighborhood income may be an axis on which selection mechanisms occur.
Specifically, areal income among teens is largely based on living in neighborhoods with middle-
aged parents given the presence of teens. These neighborhoods, as seen in Tables 1 and 2, have
median income levels that are roughly ten thousand dollars higher than the neighborhoods in
which the young adults are living. A plausible reason for this is the idea that young adults, after
’leaving the nest,” will gravitate to areas with more affordable housing given their weaker
economic standing, at least in relation to what they had when living with their parents. If this is
true, then one of the important neighborhood characteristics examined by most social scientists,
area-level income, may be biased because of the non-random selection of residents to certain
residential locations because of income. Indeed, our own estimates of the effects of block-group
median family income for young adults is biased downward because of these possible selection
mechanisms.

At the same time, given our research design, we found weak or non-existent selection
effects between teens and young adults associated with neighborhood walkability. If our results
are supported by other investigations, then they argue for continuation of the use of policy and
design mechanisms to create more walkable environments.

Definitive evidence of the presence or absence of residential selection bias awaits
replication of the approach used here in other geographic locations and a more diverse set of local
land use measures (e.g., measures of the food environment). In addition, insights could be gained
by applying Plantinga and Bernell’s instrumental variables approach and their mover-stayer model
to longitudinal data sets that contain measures of the residents’ immediate neighborhood

characteristics.
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