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Abstract

Purpose. To examine the role of land use and transportation plans as policy instruments for
promoting active community environments.

Design. Cross-sectional analysis using multilevel models to examine whether active
community environment scores were associated with leisure and transportation-related physical
activity (PA) and whether associations varied by household income.

Setting. 67 North Carolina counties
Subjects. Adults (n 5 6694) from pooled 2000 and 2002 North Carolina Behavioral Risk

Factor Surveillance System (BRFSS) surveys.
Measures. Active community environment scores, derived from a 2003 survey of planning

directors, representing the presence of nonmotorized transportation improvements, mixed land
use classification, and comprehensiveness of implementation tools. Dependent variables were
self-reported PA measures from the BRFSS. Sociodemographic variables were derived from the
2000 U.S. Census of Population.

Results. After adjustment for sociodemographic factors, more favorable active community
environment scores were significantly associated with leisure PA (p 5 .001), transportation PA
(p , .01), bicycling (p , .05), walking 150 minutes/week (p , .001), and meeting PA
recommendations (p , .0001). In stratified analyses, lower-income individuals (,$25,000)
living in high scoring counties were three times more likely to participate in transportation PA
compared with those living in low scoring counties (95% confidence interval, 1.4, 7.3).

Conclusions. This study identifies previously unexamined policy and institutional correlates
of PA related to land use and transportation planning. Plans may provide a means to
incorporate community support for active living into public policy. (Am J Health Promot
2007;21[4 Supplement]:397–407.)

Key Words: Physical Activity, Policy, Urban Planning, Health Disparities,
Prevention Research. Format: research; Research purpose: modeling/relationship
testing; Study design: nonexperimental; Outcome measure: behavioral; Setting:
local community; Health focus: fitness/physical activity; Strategy: policy, built

environment; Target population:
adults; Target population
circumstances: income level,
geographic location, race/ethnicity

PURPOSE

The role of the built environment in
supporting healthy lifestyles has be-
come a focus of public health research
and practice.1,2 Recognizing that
health promotion requires both in-
dividually oriented and community-
based approaches, the Centers for
Disease Control and Prevention re-
cently initiated the Active Community
Environment (ACE) program to pro-
mote policy and environmental inter-
ventions that create more accessible
places for physical activity (PA).3 Ac-
tivity-friendly environments depend
upon appropriate integration of land
use and transportation infrastructure,
including higher densities,4,5 a mix of
residential and commercial land use,6–9

and connected systems of sidewalks,
bikeways, greenways, and transit.6–12

Although prior research had identified
microlevel environmental correlates of
PA,11 the planning and policy pro-
cesses that result in such attributes
have been largely overlooked. By ap-
plying specific implementation tools to
shape the pattern of growth, planners
can encourage more compact urban
forms, increase the viability of non-
motorized transportation modes, pre-
serve green space, and enhance the
convenience and accessibility of public
places for PA. Therefore, policies set
forth by land use and transportation
plans may influence both leisure and
transportation PA (e.g., walking or
bicycling to work or school). However,
little is known empirically about the
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extent to which specific land-use poli-
cies complement nonmotorized trans-
portation improvements (NMTI) to
promote active community environ-
ments.

The purpose of this study was to
examine whether the presence of land-
use policies and implementation tools
supportive of NMTI and/or mixed
land use was associated with PA, in-
cluding leisure-time PA, transportation
PA, walking, and bicycling. We also
examined whether associations varied
by household income.

The theoretic framework for this
study is derived from a socioecologic
model, adapted from the work of
Schulz and Northridge,13 Northridge
et al,14 and Stokols15 (Figure 1). This
model delineates potential pathways
through which macrosocial, political,
and economic processes interface with
the built environment to affect health
by mediating differential access to
power and community resources. Be-
cause prior studies suggested that area-
level factors such as population growth,
income, and metropolitan status are
associated with the adoption of PA-
friendly land-use policies16 and pedes-
trian facilities,17,18 these factors com-

plement individual-level socioeconom-
ic attributes in our framework. We
focus on land use and transportation
planning as elements of the institu-
tional context, which may influence PA
through the built environment as well
as through dynamic, bidirectional pro-
cesses operating at the fundamental
and proximate levels.

Although researchers have previous-
ly explored the role of the connection
between land use and transportation
with respect to built environments and
travel behavior,4,19–24 we extend this
work by examining how land-use plans
in North Carolina incorporate policies
potentially supportive of NMTI. As
guides for the location, intensity, and
characteristics of land development
and community infrastructure,25 land-
use plans play important roles in
shaping the built environment. Our
premise, therefore, is that land-use
plans should explicitly account for
nonmotorized transportation modes26

if they are to be effective policy
instruments for promoting active
community environments.

As in most of the United States, land-
use plans in North Carolina are drawn
at the municipal and county levels.

North Carolina mandates land-use
planning only in certain environmen-
tally sensitive areas in coastal counties.
In contrast, transportation plans are
usually drawn at the regional level by
metropolitan planning organizations
(MPOs), who determine the transpor-
tation improvements to fund at the
local level. Implementation is facilitat-
ed by the North Carolina Department
of Transportation (NCDOT), which
has authority over 80% of the roads in
the state. NCDOT has ultimate discre-
tion over road characteristics, includ-
ing the presence of sidewalks and bike
lanes on local streets. Cities and
counties also play an important role in
directing funding toward NMTI, yet to
be maximally effective these improve-
ments should be coordinated with
MPOs and NCDOT plans. Thus, trans-
portation-related decisions occur at
multiple geographic levels, while land-
use decisions take place primarily at
the county and city levels.

METHODS

Design

This cross-sectional study examined
the role of land use and transportation
plans as policy instruments for pro-
moting active community environ-
ments in a representative sample of
North Carolina counties during 2000
to 2003. Several data sources were
combined, including individual-level
PA and sociodemographic data from
the Behavioral Risk Factor Surveillance
System (BRFSS),27,28 county-level so-
ciodemographic data from the U.S.
Census of Population, and primary
data collected from a survey of plan-
ning directors in North Carolina.

Sample
Information on land use and trans-

portation plans was gathered from
a 2003 survey mailed to planning
directors in all North Carolina counties
(n 5 100) and municipalities with
.10,000 residents (n 5 64). The
survey, sponsored by NCDOT, exam-
ined the prevalence of land-use plans
and the inclusion of implementation
tools and transportation improvements
by local jurisdictions.29 Responses were
received from planning directors in 80
counties and 47 municipalities (overall
response rate 5 77%). Analyses were
restricted to 67 counties with land-use
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plans because this was the scale at
which data could be linked to the
BRFSS with sufficient sample size. In
five cases, cities were used as proxies
for nonresponding counties if they
were central cities and part of the MPO
for that county.

Measures

Independent Variables. To operationa-
lize the extent to which land use and
transportation plans provided institu-
tional support for active community
environments, we focused on the
presence of three key plan attributes:
NMTI, mixed land use classification,
and the comprehensiveness of imple-
mentation tools to guide land devel-
opment. These attributes were chosen
a priori based on existing literature
which suggests that mixed land uses,
compact development, open space,
and supportive transportation infra-
structure are positively associated with
PA.4,6–8,12,30 Planners were asked to
report whether specific policies and
implementation tools (e.g., designated
growth areas, capital improvement
programs, planned unit developments,
land trusts, concurrency requirements,
impact fees, transfer/purchase of de-
velopment rights)31 were being used to
manage the location and timing of
development in their communities. In
addition, planners were asked whether
their plans included NMTI (e.g., side-
walks, bicycle paths, greenways) and
whether the ‘‘mixed use’’ land classi-
fication was designated by the land-use
plan.

To measure the comprehensiveness
of implementation tools, plans were
classified according to the number and
types of tools included. Tools such as
concurrency requirements, impact
fees, and transfer/purchase of devel-
opment rights involve financial lever-
age through expenditures from either
developers or local governments.
These types of investment-based tools
were considered indicative of higher
plan quality25,32 and/or greater politi-
cal commitment to implementation.
For example, concurrency require-
ments attempt to manage the timing of
development so that it coincides with
the availability of infrastructure capac-
ity for community facilities such as
transportation, water, and sewer.

Guided by prior analyses that con-
firmed the importance of investment-
based tools to PA,31 we derived three
categories of comprehensiveness as
follows: (1) Plans with the least com-
prehensive implementation tool sets
were those that included no tools
supportive of nonmotorized modes to
guide land development; (2) moder-
ately comprehensive implementation
tool sets included at least one tool but
did not include investment-based tools;
and (3) the most comprehensive tool
sets included at least five tools overall
with at least one investment-based tool.

The ACE composite score was de-
rived as follows

1 5 No mixed-use classification, no
NMTI, no implementation tools

2 5 Mixed-use classification or N-
MTI; 0–4 implementation tools

3 5 Mixed-use classification and
NMTI; moderately comprehen-
sive implementation tool set (1–
4 tools)

4 5 Mixed-use classification and
NMTI; most comprehensive im-
plementation tool set (§5
tools)

The first category consisted of plans
that did not include any of the three
key attributes, while the second cate-
gory was comprised of plans that
included one or two attributes but did
not include all three. Categories 3 and
4 both consisted of plans that included
all three land use and transportation
attributes, but category 4 included the
most comprehensive implementation
tool sets. Categoric variables were
created with the lowest active commu-
nity environment score designated as
the referent group.

Sociodemographic Characteristics.
Individual-level Sociodemographic Mea-

sures. Individual-level sociodemo-
graphic variables known to be corre-
lated with PA (age, gender, education,
employment status, income, and race)
were obtained from the BRFSS. Self-
reported information for these vari-
ables from the BRFSS has been shown
to be reliable.33,34 Race was collapsed
into a dichotomous variable repre-
senting white or nonwhite. Education
was collapsed to represent less than or
equal to high school education or
greater than high school education.

Employment status was collapsed to
represent those who were currently
employed for wages and those who
were not. Age was dichotomized as
,60 and §60 years (corresponding to
the 75th percentile of the distribu-
tion).

Each respondent’s household in-
come was centered around the median
income for their county.31 This meth-
od was also used to impute income
categories for respondents who did
not report their household income
(approximately 15%) based on
the median income for a person of
similar age, race, gender, and
education level in each county. For
stratified analyses, a dichotomous vari-
able was derived representing house-
hold income §$25,000 or ,$25,000;
this cutpoint corresponded to the
lowest quartile of the distribution and
facilitated comparison with other
studies.6,35

County-level Sociodemographic Measures.
A centered county income variable was
derived by subtracting each county’s
median income level from the state
median income level. High area
growth was defined as .25% increase
in population from 1990 to 2000.
Large population size was defined as
§50,000. The percentage of nonwhite
residents in each county was deter-
mined from the 2000 U.S. Census of
Population and collapsed into an
ordinal variable approximately repre-
senting quartiles of the distribution:
(1) 0% to 14% nonwhite, (2) 15% to
27% nonwhite, (3) 28% to 34% non-
white, and (4) §35% nonwhite. In-
dicator variables were also used to
designate whether an area was part of
a metropolitan area36 or part of an
MPO.

Dependent Variables. The BRFSS is
a population-based, random-digit–di-
aled telephone survey of the civilian,
noninstitutionalized population aged
§18 years.27 The sampling procedure
accounts for the number of telephone
numbers per household and randomly
selects one adult from each household.
As such, the BRFSS provides popula-
tion-level estimates of PA with suffi-
cient sample size to analyze preva-
lences at the state and substate levels.
Information regarding the North Car-
olina BRFSS is published elsewhere.37

Health Promotion hepr-21-00-04.3d 10/1/07 19:07:34 399 Cust # 06050155R

March/April 2007, Vol. 21, No. 4 Supplement 399



Self-reported PA measures derived
from the North Carolina BRFSS in-
cluded the prevalence of any leisure
PA in the past month, leisure-time
walking and bicycling in the past
month, and transportation PA in the
past week.31,38 The transportation PA
question, which was added to North
Carolina’s BRFSS module in 2000 and
2002, asked respondents how much
time they spent walking or bicycling for
transportation in the past week, such as
to and from work or shopping. How-
ever, more than 85% of adults re-
ported no transportation-related activ-
ity; therefore, a dichotomous variable
(any transportation PA versus none)
was used.

Additionally, we calculated the pro-
portion of adults achieving recom-
mended levels of PA in each county
according to guidelines published by
the Centers for Disease Control and
Prevention.39 Using measures of fre-
quency, duration, and intensity,40 the
proportion of individuals performing
recommended levels of PA was derived
as follows: (1) no leisure-time PA, (2)
some activity but insufficient to meet
recommendations, and (3) meets rec-
ommendations. To measure the pro-
portion of adults achieving recom-
mended PA levels specifically by walk-
ing, we created another ordinal
variable representing (1) no leisure-
time PA, (2) leisure-time walking
,150 minutes per week, and (3)
§150 minutes of leisure-time walking
per week. Respondents who reported
no walking but may have reported
other types of PA were not included in
this measure. Recommended PA and
walking variables were restricted to the
2000 BRFSS (n 5 2187), due to
changes made to the core PA questions
in 2001.

Reliability of the leisure PA measures
derived from the BRFSS has been
shown to be acceptable in several
studies (k range, 0.50–0.77)34,38,41 and
across race and gender groups (intra-
class correlation coefficients [ICC],
0.36–0.63).42 A recent study that as-
sessed the reliability of the BRFSS
measures of recommended PA showed
acceptable reliability (ICC for meeting
moderate leisure-time activity recom-
mendations, 0.46; ICC for meeting
vigorous leisure-time activity recom-
mendations, 0.68).42

Analysis

To examine bivariate relationships
between the ACE score and socio-
demographic factors, SAS-callable
SUDDAAN43 was used to obtain
weighted prevalences which account
for the BRFSS sampling design. Be-
cause we conceptualized land use and
transportation planning as part of each
resident’s institutional and environ-
mental context, these prevalences re-
flect the proportion of North Carolina
adults living in counties with low,
medium, or high ACE scores.

Multilevel models were used to
examine associations between PA out-
comes and ACE scores while control-
ling for individual (level 1) and county
(level 2) sociodemographic character-
istics. Multilevel models appropriately
account for the clustering of individu-
als within counties. Generalized linear
models with a logit link were used for
multilevel analysis of binary outcomes
(any leisure PA, any transportation PA,
and any bicycling). The SAS GLIMMIX
(version 8.2) macro was used to esti-
mate model parameters based on
penalized quasi-likelihood methods.
Stratified analyses were also conducted
to evaluate whether relationships be-
tween ACE scores and transportation
PA varied by household income since
lower-income groups have limited ac-
cess to private vehicles44 and are more
likely to participate in nonleisure
PA.45,46 Marginal models fitted by
generalized estimating equations47

were used to analyze three-level or-
dered categoric outcomes (e.g., rec-
ommended PA, walking §150 min-
utes/week).

Using random-intercept models, we
allowed each county to have its own
intercept to describe the relationship
between individual (level 1) character-
istics and PA within that county. Next
models incorporating random slope
terms were examined, which allowed
regression coefficients to vary and
permitted interactions between indi-
vidual (level 1) and county (level 2)
factors. However, the random slope
terms were not statistically significant
(alpha 5 0.05) and did not appreciably
improve the model fit; therefore, the
more parsimonious random-intercept
models are presented.

A series of random-intercept models
was run for each PA outcome. The

first was an unadjusted model includ-
ing only the ACE variables, followed
by full models adjusted for all
individual- and county-level sociode-
mographic covariates and any signifi-
cant interaction terms. The third
was a reduced model that retained
certain sociodemographic charac-
teristics that were statistically signifi-
cant (p , .05), were considered sub-
stantively important, or affected the
precision of the main exposure (ACE)
estimates.

The multilevel models estimated the
probability of being physically active as
a function of the ACE score while
controlling for sociodemographic
characteristics. For a binary outcome,
the multilevel regression parameter for
the ACE score can be interpreted as
the change in an individual’s log odds
of engaging in PA associated with a unit
change in the county’s ACE score. For
a three-level outcome (e.g., recom-
mended PA and walking §150 min-
utes/week), the interpretation of the
ACE coefficient is the population
average effect on the log odds of being
in a higher versus lower PA recom-
mendation category.

Model results are reported in terms
of prevalence odds ratio (POR), which
represent the odds of being physically
active for individuals residing in higher
ACE counties compared with individ-
uals residing in the lowest ACE coun-
ties. This presentation facilitates com-
parison with other recent studies of
environmental correlates of PA; how-
ever, when the outcome of interest is
not rare, the odds ratio can overesti-
mate the relative risk.48,49 Since several
of the PA outcomes in our study have
prevalences .15%, we also provide
corrected measures of relative risk for
these outcomes using a method de-
veloped by Zhang.49

RESULTS

Eighty-four percent of county plan-
ners (67 out of 80 counties) who
responded to the survey reported
having a land-use plan, representing
approximately 73% of the adult popu-
lation of North Carolina. Sociodemo-
graphic characteristics of counties in-
cluded in our sample were generally
representative of the state, although
our sample included a higher per-
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centage of metropolitan counties (48%
versus 36% in the state overall) and
had higher median income ($40,089
versus $34,635). Counties without land-
use plans tended to have lower popu-
lation growth rates, median house-
hold incomes below $35,000, and were
more likely to be located in nonmet-
ropolitan areas. No statistically signifi-
cant differences were observed be-
tween counties with and without land-
use plans in terms of overall popula-
tion size or the proportion of nonwhite
residents.

Table 1 presents the distribution of
ACE scores with respect to PA and
sociodemographic characteristics. The
majority of North Carolina adults live
in counties with low to moderate
scores. Higher scores were predomi-
nantly found in faster-growing metro-
politan areas with higher median in-
come levels.

Overall, 71% of North Carolina
adults reported participating in any
leisure PA in the past month, while
14% reported performing transporta-
tion PA and 4% reported any bicycling

in the past month (Table 1). Approx-
imately one-quarter of North Carolina
adults achieved recommended levels
of leisure PA, and 17% reported
walking at least 150 minutes per week.
Higher prevalences of PA were
observed in counties with higher
ACE scores. Figure 2 illustrates the
weighted population prevalence of
North Carolina adults achieving rec-
ommended levels of PA across ACE
scores. While approximately one-third
of adults living in high-scoring
counties met public health recom-
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Table 1

PA Prevalence and Sociodemographic Characteristics by ACE Score

Overall

ACE Score

Low Medium High

1 2 3 4

BRFSS sample size n 5 6694* n 5 1040 n 5 3000 n 5 1518 n 5 1136

Weighted population percentage (SE) 100 14 (0.6) 50 (0.8) 22 (0.7) 14 (0.4)

PA

Any leisure-time PA in past month 71 (0.7) 69 (2.1) 70 (1.2) 71 (1.7) 82 (1.6)

Any transportation PA in past week 14 (0.5) 13(1.5) 14 (0.9) 14 (1.1) 20 (1.8)

Any bicycling in past month 4 (0.3) 2 (0.6) 4 (0.5) 4 (0.6) 6 (1.1)

Meets recommendation for leisure PA 24 (1.0) 12 (1.8) 26 (1.5) 25 (2.2) 31 (3.3)

Walking §150 minutes/week 17 (1.1) 11 (2.0) 18 (1.6) 17 (2.3) 20 (3.4)

Population size

Large (§50,000) 80 (0.7) 11(0.5) 46 (0.9) 27 (0.8) 17 (0.5)

Small (,50,000) 20 (0.7) 25 (2.0) 69 (2.0) 6 (0.8) 0

Metropolitan area�

No 23 (0.7) 32 (1.8) 64 (1.9) 4 (0.6) 0

Yes 77 (0.7) 8 (0.5) 46 (0.9) 28 (0.8) 18 (0.5)

Growth`

High 51 (0.8) 4 (0.5) 40 (0.9) 29 (0.9) 26 (0.8)

Low 49 (0.8) 24 (1.1) 61 (1.3) 15 (1.0) 0

County income level

Below NC median 17 (0.6) 51 (2.1) 44 (2.0) 5 (0.8) 0

Equal to NC median§ 58 (0.8) 8 (0.7) 70 (1.1) 18 (0.9) 3 (0.2)

Above NC median 25 (0.5) 0 7 (1.0) 45 (1.3) 48(1.2)

Proportion nonwhite residentsI

3%–14% 19 (0.6) 19 (1.3) 53 (1.7) 27 (1.4) 0

15%–27% 24 (0.8) 7 (1.1) 63 (2.0) 22 (1.9) 7 (0.6)

28%–34% 23 (0.6) 4 (0.9) 45 (1.5) 0 51 (1.5)

35%–63% 34 (0.8) 22 (1.2) 43 (1.5) 35 (1.2) 0

ACE indicates Active Community Environment; BRFSS indicates Behavioral Risk Factor Surveillance System; NC indicates North Carolina; and PA,
physical activity.

* BRFSS data from 2000 and 2002 combined, weighted to reflect the 2000 North Carolina population and to account for the sampling design.
Recommended PA and walking models are restricted to the 2000 BRFSS (n 5 2186).
� Metropolitan area as defined by the 2000 U.S. Census of Population.
` High growth is defined as .25% increase in population from 1990 to 2000.
§ The median county income for our sample was $40,089 (range, $25,854–$58,099). This corresponds to BRFSS category 6 ($35,000–,$50,000).

Low county income corresponds to ,$35,000; high county income corresponds to .$50,000.
I The median proportion nonwhite was 28 (range, 2.8–62.5).
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mendations for PA, 87% of those living
in counties with the lowest ACE scores
fell short of meeting public health
guidelines.

Associations between the ACE score
and selected PA outcomes are shown
in Table 2. Unadjusted models are
shown in the first row, followed by full
models adjusted for all individual- and
county-level sociodemographic covari-
ates and any significant interaction
terms. The third row shows the final
reduced models that retain sociode-
mographic characteristics that re-
mained statistically significant (p ,

.05) or were considered substantively
important.

Results suggest that high ACE scores
were consistently associated with both
leisure and transportation PA out-
comes. The strongest associations in
the adjusted models were observed for
transportation PA and bicycling; indi-
viduals living in counties with the
highest ACE scores had more than
twice the odds of engaging in these
types of PA compared with residents of
counties with the lowest ACE scores.

When analyses were restricted to lower-
income individuals (household
incomes ,$25,000), the association
was even stronger: the likelihood of
engaging in transportation PA for
persons living in high ACE counties
was three times greater than the
odds for those living in low ACE
counties (POR 5 3.2 [95% confidence
interval (CI), 1.4, 7.3]; data not
shown). The corresponding odds ratio
for individuals with household in-
comes §$25,000 was 1.8 (95% CI, 1.1,
3.1).

Associations between the ACE score,
recommended PA levels and walking
§150 minutes per week are shown in
the last two columns of Table 2.
Residents of high ACE counties were
1.9 times more likely to be in a more
favorable PA recommendation catego-
ry (indicative of a population-level shift
along the continuum from no leisure
PA to some leisure PA to meeting PA
recommendations) and 1.7 times more
likely to be in a higher walking
category compared with residents of
the lowest ACE counties.

As shown in Table 3, significant
between-county variation existed with
respect to the prevalence of PA in
North Carolina (leisure PA p , .01;
transportation PA p , .01; bicycling p
, .05). The multilevel models includ-
ing ACE variables and sociodemo-
graphic covariates explained 71% of
the between-county variation in trans-
portation PA, 82% of the between-
county variation in leisure PA, and
83% of the between-county variation in
bicycling. The ACE variables helped to
explain additional between-county var-
iance above and beyond that explained
by traditional sociodemographic fac-
tors.

DISCUSSION

North Carolina is a rapidly growing
state with a diverse population and
considerable geographic variation in
PA. The proportion of residents re-
porting no leisure-time PA varied sub-
stantially across different counties,
ranging from 18.4% to 40.9% in 2002
(compared with the national average
of 25.3%).37

Although the literature regarding
policy correlates of PA is relatively
limited to date, the observed associa-
tions between higher ACE scores and
higher population prevalences of lei-
sure and transportation PA are consis-
tent with the results from several
recent international studies. Studies
conducted in the Netherlands and
Germany have shown that policies
related to urban form and transporta-
tion infrastructure are associated with
bicycling.50–52 Researchers in the Unit-
ed States have found similar relation-
ships.53–55 In the present study, in-
dividual-level bicycling and
transportation PA showed stronger
associations with ACE scores compared
with other types of leisure PA. This may
reflect the emphasis of the ACE score
on planning factors such as public
infrastructure and mixed land use,
while availability of private clubs, gyms,
parks, and other unmeasured facilities
may be important for leisure activities.

Furthermore, the composite ACE
score showed stronger associations
with PA compared with implementa-
tion tools or non-motorized transpor-
tation improvements examined as sep-
arate factors.31 Certain types of
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Proportion of North Carolina Adults Meeting Recommendations for Leisure

Physical Activity by Active Community Environment Score

402 American Journal of Health Promotion



implementation tools, such as invest-
ment-based tools, may provide leverage
for communities to influence features
of the built environment that have
been associated with PA in other
studies, including convenient exercise
facilities (such as streets and public
open spaces),6,9,13,55–67 safe places to
walk,8,56–59 a mix of residential and
commercial land uses,6,7,60,61 and sup-
portive transportation infrastruc-
ture.10,19,52–54,62

Our finding that higher ACE scores
showed positive relationships with rec-
ommended PA levels and negative
relationships with inactivity supports
findings from another study conducted
in six North Carolina counties, which
reported that perceived access to
places for PA and neighborhood trails

was significantly associated with rec-
ommended levels of PA.63 Other re-
searchers have reported a positive
dose-response relationship between
the number of places to exercise and
the likelihood of meeting PA recom-
mendations.64

However, it is important to frame
our results in light of underlying
sociodemographic patterns. Counties
with the highest ACE scores were
almost exclusively those with higher
median income levels and higher
growth rates.38 Although different
types of transportation improvements
and land-use policies may be feasible in
low-growth areas compared with high-
growth areas, planners and policy-
makers should consider the potential
health and equity impacts of land use

and transportation decisions with re-
spect to local and regional demo-
graphic trends. Lower-income popula-
tions may benefit most from land use
and transportation planning that sup-
ports walking and bicycling, as they are
less likely to own private vehicles,44,65

more likely to engage in PA for
transportation purposes,6,10,46,66,67 and
more likely to suffer from diabetes,
cardiovascular disease, and chronic
health conditions associated with in-
activity.68,69 Stratified analyses showed
stronger associations between ACE
scores and transportation PA among
individuals with lower household in-
comes (,$25,000) compared with indi-
viduals with incomes §$25,000. Thus,
lower-income persons may be more
likely to use nonmotorized modes in
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Table 2

Multilevel Models for PA Outcomes by ACE Score

Model ACE Score
Any Leisure PA§

POR (95% CI)
Any Transportation

PAI Any Bicycling"
Recommended

PA#
Leisure Walking

150 Minutes/Week**

Unadjusted model 1

4 (Highest) 2.19 (1.52, 3.15) 2.15 (1.29, 3.59) 2.87 (1.54, 5.43) 2.23 (1.70, 2.92) 1.96 (1.45, 2.63)

3 1.24 (0.94, 1.64) 1.19 (0.79, 1.79) 1.68 (0.94, 3.02) 1.56 (1.22, 1.99) 1.53 (1.12, 2.09)

2 1.15 (0.92, 1.43) 1.21 (0.87, 1.67) 1.48 (0.88, 2.47) 1.41 (1.11, 1.80) 1.28 (0.93, 1.77)

1 (Lowest) 1.00 1.00 1.00 1.00 1.00

Full model 2*

4 (Highest) 1.54 (1.09, 2.19) 2.13 (1.24, 3.65) 2.16 (1.05, 4.43) 1.83 (1.21, 2.75) 1.66 (1.05, 2.61)

3 1.21 (0.91, 1.59) 1.25 (0.81, 1.94) 1.70 (0.83, 3.48) 1.44 (1.02, 2.02) 1.46 (0.96, 2.21)

2 1.12 (0.90, 1.39) 1.26 (0.90, 1.76) 1.49 (0.84, 2.65) 1.35 (1.00, 1.82) 1.20 (0.83 1.76)

1 (Lowest) 1.00 1.00 1.00 1.00 1.00

Final model 3�
4 (Highest) 1.58 (1.11, 2.23) 2.24 (1.25, 4.00) 2.42 (1.13, 5.16) 1.94 (1.44, 2.62) 1.75 (1.35, 2.36)

3 1.22 (0.92, 1.61) 1.26 (0.80, 1.98) 1.61 (0.79, 3.31) 1.52 (1.16, 1.99) 1.56 (1.14, 2.12)

2 1.10 (0.89, 1.36) 1.27 (0.90, 1.81) 1.49 (0.84, 2.63) 1.36 (1.04, 1.78) 1.20 (0.88, 1.64)

1 (Lowest) 1.00 1.00 1.00 1.00 1.00

Corrected relative risk`
4 (Highest) 1.14 (1.06, 1.20) — — 1.74 (1.37, 2.18) 1.47 (1.11, 1.92)

3 1.06 (0.99, 1.13) — — 1.44 (1.15, 1.78) 1.40 (1.06, 1.81)

2 1.03 (0.97, 1.09) — — 1.31 (1.04, 1.63) 1.09 (0.82, 1.44)

1 (Lowest) 1.00 — — 1.00 1.00

ACE indicates Active Community Environment; CI, confidence interval; PA, physical activity; and POR, prevalence odds ratio.
* Full models are adjusted for all individual (Level 1) and county (Level 2) covariates: age, gender, race, education, household income, employment,

county income, growth, population size, metropolitan area, proportion nonwhite, and significant interaction terms as specified in italics in the final models.
� Final models were adjusted for age, race, gender, and education for consistency with the literature; other covariates and interaction terms were

retained if they remained statistically significant (p , .05) or if they affected the precision of the main exposure (ACE) estimate. Interactions were not
included in the generalized estimating equations (models for recommended PA and walking §150 minutes/week) since these analyses were restricted to
2000 Behavioral Risk Factor Surveillance System data and sample sizes and power were reduced.
` Relative risk (95% CI) for ACE scores for outcomes with prevalence .15% (using correction method developed by Zhang49): Relative risk 5

(PORadjusted)/([1 2 Prevalencenonexposed] + [Prevalencenonexposed 3 POR]).
§ Leisure PA final model adjusted for gender, race, education, household income, proportion nonwhite population, age*race, age*education.
I Transportation PA final model adjusted for age, gender, race, education, household income, employment, county income, growth, population size,

metropolitan area, proportion nonwhite, age*race, race*education.
" Bicycling final model adjusted for age, gender, race, education, county income, proportion nonwhite, proportion nonwhite*county income
# Recommended PA final model adjusted for age, gender, race, education, employment, and household income.
** Walking §150 minutes/week final model adjusted for age, gender, race, education, employment, household income, and proportion nonwhite.
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areas where supportive land use and
transportation infrastructure exists.

For higher-income individuals, the
odds of performing transportation PA
almost doubled for residents of high-
scoring counties compared with the
lowest scoring counties. Although the
overall prevalence of transportation PA
was quite low, transportation PA was an
important source of activity for indi-
viduals who engaged in it (median
100 minutes per week [interquartile
range, 30–300 minutes]). Additionally,
individuals engaging in transportation
PA were significantly more likely to
meet public health guidelines for
leisure PA (p , .001; analyses not
shown). This lends support to the role
of land use and transportation plan-
ning as a population-wide strategy to
promote active living.

However, interactions among several
sociodemographic variables in our
models raise important questions for
consideration with respect to future
public health interventions. For exam-
ple, among nonwhite individuals, older
age and higher education were in-
versely related to transportation PA
(POR 0.51 [95% CI, 0.31, 0.83]);
among whites, older individuals with
higher education levels were more
likely to walk or bicycle for transporta-
tion (POR 1.97 [95% CI, 1.20, 3.23]).
Although not assessed in this study,
attitudes, beliefs, and social support
may vary across population subgroups
regarding participation in transporta-
tion versus leisure PA. In the model for
bicycling, interactions between county
income level and the proportion non-

white residents suggested that in
counties with higher income levels,
a higher proportion of nonwhite resi-
dents was associated with increased
odds of bicycling (POR 1.44 [95% CI,
1.04, 2.00]); however, in counties with
lower income levels, a higher propor-
tion of nonwhite residents was in-
versely related to bicycling (POR 0.82
[95% CI, 0.60, 1.00]). Taken together
with the transportation PA results, this
finding lends support to the assertion
that low income and nonwhite popu-
lations may be particularly sensitive to
environment and policy supports for
bicycling and walking. For example, in
lower-income areas where supportive
infrastructure is less likely to exist,31,70

nonwhite residents may be less in-
clined to use nonmotorized modes due
to safety concerns, lack of social sup-
port, or being differentially affected by
the spatial configuration resulting
from regional development patterns.
Conversely, if higher-income areas
generally provide more supportive in-
frastructure (and/or develop better
quality plans that consider the needs of
diverse populations in the planning
process), low income and nonwhite
populations may be more likely to take
advantage of nonmotorized modes.
Another recent study reported com-
plex nonlinear relationships between
walking for transportation and socio-
demographic factors such as age, in-
come, and education.45 Other re-
searchers have found that
metropolitan residents are more likely
to commute by bicycle if designated
lanes and paths are available to

them.53,54 These examples underscore
the importance of considering
multidimensional public health
interventions including policy and
environmental components along with
individual-level health promotion
strategies. Future studies could test
hypotheses related to these issues
more specifically in diverse communi-
ties.

Limitations

Several limitations are inherent in
this study. First, because the cross-
sectional design precludes the assess-
ment of temporal relationships and
limits causal inferences, several alter-
native explanations warrant mention.
Our findings could reflect the fact that
residents who are more physically
active may have successfully advocated
for supportive policies and transporta-
tion improvements in their communi-
ties. This interpretation supports the
view of other planning researchers71–74

who consider plans as indicators of
community preferences, especially with
respect to the distribution of public
facilities. Furthermore, this interpreta-
tion remains consistent with our theo-
retic framework which postulates that
planning is embedded in a dynamic
system of social, economic, and polit-
ical factors operating bidirectionally at
multiple levels. Plans may operate not
only through the mechanism of phys-
ical infrastructure but also by influ-
encing the social context and public
policy processes that potentially rein-
force active community environments
over time.
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Table 3

ICC* and Percent of Between-county Variance Explained for Binary PA Outcomes

Variance Any Leisure PA Any Transportation PA Any Bicycling

Between-county variance 0.0742 0.1041 0.1566

Within-county variance 0.9921 0.9810 0.9416

ICC 0.0696 0.0959 0.1426

Percent of between-county variance explained

by ACE score (model 1)

48% 33% 62%

Percent of between-county variance explained

by ACE score and sociodemographics

(model 2)�

82% 71% 83%

ACE indicates Active Community Environment; ICC, intraclass correlation coefficients; and PA, physical activity.
* The ICC quantifies the proportion of the total variation in PA that is due to between-county variation.
� In models including ACE variables and sociodemographic covariates, no statistically significant between-county variation remained for leisure-time

PA (p 5 .1197) and bicycling (p 5 .2996), and only borderline significant variation remained for transportation-related PA (p 5 .0470).
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A second set of limitations pertains
to measurement. Although PA was self-
reported in this study, our research
questions focused on the relative
amount of PA in different counties,
not the absolute amount. Any bias
inherent in the self-reported responses
should be nondifferential with respect
to geographic area, thus the gross
ranking of different counties should be
largely unaffected.

The measures of plan attributes were
also self-reported. To assess validity,
a detailed content evaluation was con-
ducted on a subset of 30 plans com-
paring planners’ self-reported infor-
mation to the documentation
contained within the plans.29 This
analysis included an assessment of the
plans’ goals and policies with respect to
walking and bicycling and lent support
to planners’ survey responses. For
example, sensitivity and specificity for
attributes pertaining to the inclusion
of NMTI were 83% and 73%, respec-
tively. This suggests that planners
accurately reported the presence of
NMTI when they were documented in
the land-use plans and correctly re-
ported these attributes as missing when
they were absent from the plans.
However, the validity of other plan
characteristics has not been fully as-
sessed.

Third, our study does not distinguish
how well the policies have been en-
forced or the extent to which they have
affected land-development patterns on
the ground. Although research that
examines plan implementation is rela-
tively limited to date, prior studies have
shown that plans appear to exert
considerable influence in achieving
a variety of public goals including
hazard mitigation,75,76 ecosystem man-
agement,77 and environmental protec-
tion.32 Factors affecting plan imple-
mentation and outcomes include local
governments’ political commit-
ment,78,79 plan quality80 (including
consistency and clarity of goals and
policies), resources of planning agen-
cies,80,81 and interactions between or-
ganizations.82 While our study did not
directly measure these factors, it is
plausible that the ACE score captures
several dimensions including commu-
nity preferences, resources, plan qual-
ity, and political commitment to active
living.

Additionally, we cannot determine
whether the relationships we observed
are primarily due to characteristics of
county-level plans or due to better
municipal planning in the counties we
studied. To assess consistency between
county plans and city plans, we exam-
ined more than 30 pairs of city–county
plans. We found a strong correlation
(Spearman r 5 .93) between the ACE
scores of the city and county plans,
suggesting that city and county plans
reinforced each other with respect to
activity-friendly attributes. Questions
exploring consistency in planning, in-
tergovernmental coordination, and
public participation remain important
areas for future study.

Fourth, although the multilevel
models explained a considerable pro-
portion of the between-county variance
in PA, they did not explain a significant
proportion of the within-county (in-
dividual-level) variation. This is consis-
tent with our theoretic framework in
which the ACE variables constitute the
distal environment, policy, and institu-
tional context of the socioecologic
model. Because we did not measure
more proximal interpersonal and psy-
chosocial factors such as social sup-
port, self-efficacy, and perceptions of
the neighborhood environment, the
models would not be expected to
explain a significant portion of the
individual-level variance.

Last, our analyses were restricted to
North Carolina counties with land-use
plans and therefore may not be gen-
eralizable to other states.

Future research should evaluate
these relationships in different geo-
graphic locations, use prospective de-
signs or natural experiments, and
attempt to include the perceptions of
community members and policy-
makers in addition to those of plan-
ners.

CONCLUSION

This study identifies previously un-
examined policy and institutional cor-
relates of PA related to land use and
transportation planning. While we
cannot conclude that planning causes
behavior change, our findings dem-
onstrate that counties with higher
ACE scores have higher prevalences of

both leisure and transportation PA.
Because a higher score indicates
a more comprehensive implementa-
tion tool set complementing NMTI
and mixed land use classification, this
suggests that counties with land-use
policies and implementation tools that
support nonmotorized modes may
foster diverse environments conducive
to various types of PA (e.g., greenways,
parks, open space, and walkable
downtown areas). Improving the
quality of local land-use plans may
provide a means for communities to
integrate transportation projects with
appropriate land uses and improve
access to health-promoting infrastruc-
ture.

Partnerships between public health
and urban planning professionals
could translate into innovative inter-
ventions tailored to meet the needs of
diverse communities. Future health-
promotion efforts should consider the
implications of transportation and
land-use policies, especially with re-
spect to the distribution of resources
that support transportation PA as well
as leisure PA. Transdisciplinary collab-
oration may contribute to more com-
prehensive methodologic frameworks
and inform policy recommendations to
promote active community environ-
ments.
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SO WHAT? Implications for

Practitioners and Researchers

This study appears to indicate
that land use and transportation
planning may play a role in sup-
porting active community environ-
ments. After controlling for socio-
demographic factors, higher ACE
scores were associated with leisure-
time PA, transportation-related PA,
and meeting public health recom-
mendations for PA in North Car-
olina. If this assertion holds true,
land-use and transportation plans
may provide a means through which
community support for active living
can be incorporated into the public
policy process. Additionally, these
findings could be used to tailor
transdisciplinary interventions to
promote active living in diverse
populations.
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