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Abstract

While neighborhood design can potentially influence routine outdoor physical activities (PA), little
is known concerning its effects on such activities among older adults attempting to increase their
PA levels. We evaluated the effects of living in neighborhoods differing in compactness on
changes in routine outdoor activities (e.g., walking, gardening, yard work) among older adults at
increased mobility disability risk participating in the LIFE-Pilot PA trial (2003-07; ages 70-89
years; from Dallas, TX, San Francisco Bay area, Pittsburgh, PA, and Winston-Salem, NC).
Analyses were conducted on the 400 LIFE-Pilot participants randomized to a one-year endurance-
plus-strengthening PA intervention or health education control that completed one-year PA
assessment (CHAMPS questionnaire). Outcomes of interest were exercise and leisure walking,
walking for errands, and moderate-intensity gardening. Neighborhood compactness was assessed
objectively using geographic information systems via a subsequent grant (2008-12). PA increased
weekly exercise and leisure walking relative to control, irrespective of neighborhood compactness.
However, walking for errands decreased significantly more in PA relative to control (net mean[SD]
difference=16.2 minutes/week[7.7], p=.037), particularly among those living in less compact
neighborhoods (net mean[SD] difference=29.8[10.8] minutes/week, p=.006). PA participants
living in less compact neighborhoods maintained or increased participation in gardening and yard
work to a greater extent than controls (net mean[SD] difference=29.3[10.8] minutes/week, p=.
007). The results indicate that formal targeting of active transport as an adjunct to structured PA
programs may be important to diminish potential compensatory responses in functionally impaired
older adults. Structured endurance-plus-strengthening PA may help older adults maintain or
increase such routine activities over time.

Trial Registration—clinicaltrials.gov Identifier= NCT01072500

Keywords

aging; older adults; built environment; neighborhood design; compactness; walkability; physical
activity; walking; gardening; residential density

INTRODUCTION

The aging-associated chronic diseases and functional decline that are linked with inactive
lifestyles are major public health challenges both in the U.S. and globally [1, 2]. With the
increased infirmities and reduced function that often accompany aging among inactive
adults, mobility disability and accompanying loss of independence become major threats to
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a vital old age [3, 4]. For instance, maintaining the ability to engage in routine activities
around or near the home, such as walking for errands, housework, and yard work, is
significantly linked with continued independent living—a highly valued state among many
older adults [5]. In addition to its important impacts on chronic disease prevention and
control, regular physical activity remains among the most powerful methods for maintaining
day-to-day physical function and mobility into older age [6, 7]. Regular participation in
light- to moderate-intensity routine activities may also produce metabolic and other health-
related benefits that, at least for some groups of less active older adults, may be similar to
those obtained with more strenuous activities [8]. There is growing evidence of the health-
enhancing benefits of such “lifestyle” activities for adults aged 65 years and older,
particularly when engaged in regularly [8, 9]. As a result, there is increasing emphasis on
including a lifestyle lighter-intensity recommendation in national physical activity guidelines
for older adults [8, 10].

Unfortunately, a significant proportion of older adults get insufficient levels of regular
physical activity to optimally maintain levels of daily function. This is particularly true
where local environments are less supportive of walking [11-13]. Walking and other routine
activities (e.g., housework) remain important for older adults irrespective of the types of
neighborhood environments in which they live (i.e., more vs. less compact). Other types of
routine activities, such as outdoor yard work and gardening, may be particularly relevant for
those older adults living in what has typically been labeled as “less compact” environments
with lower residential density and fewer destinations, but larger yards. While outdoor
activities such as walking and yard work can provide enhancements in wellbeing and quality
of life for young and old alike [14], the potential benefits of such light to moderate outdoor
activities may be particularly important for the health and functioning of older adults [15-
19].

The Lifestyle Interventions and Independence for Elders Pilot (LIFE-P) Study of 70-89 year
old sedentary adults at risk for mobility disability evaluated the 12-month effects of a
program of aerobic plus strengthening exercise versus a health education control on aspects
of lower-extremity physical function of particular relevance for the prevention of mobility
disability [20]. The original study found that over the course of one year, scores on the SPPB
and the 400-meter walk test were significantly improved in the physical activity relative to
health education arm (p values < .001) [20]. Volume of moderate-intensity physical activity/
week (consisting primarily of walking) increased significantly in the physical activity
compared to health education arm [20].

The current investigation is based on additional funding obtained at the close of LIFE-P to
investigate impacts of stable neighborhood design characteristics on participants’
intervention success. We specifically explored whether the compactness of the neighborhood
in which a participant lived moderated the effects of the physical activity program in relation
to increases in walking as well as maintenance of moderate-intensity gardening and yard
work activities—important routine activities that have been linked observationally to such
neighborhood characteristics [21, 22]. Neighborhood compactness was ascertained
objectively using a validated urban design “walkability” index [23]. We postulated that the
physical activity intervention would be sufficiently robust to increase 12-month exercise- or
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leisure-related walking levels irrespective of neighborhood compactness. In contrast, we
believed that the effects of neighborhood compactness could be especially salient for
maintaining or increasing more utilitarian outdoor activities such as walking for errands or
accomplishing gardening and yard work, which contribute directly to independent living.
With respect to walking for errands, we explored whether the physical activity intervention
would be generally helpful in maintaining this type of utilitarian walking and whether level
of neighborhood compactness would make a difference in this age group [12]. With respect
to gardening and yard work, we explored whether the physical activity intervention would be
helpful in maintaining such outdoor activities, particularly in less dense neighborhoods that
typically allow for or require greater amounts of gardening and yard work activities.

Participants and Procedures

LIFE-P was a multi-site randomized controlled single-blind trial which tested a physical
activity intervention compared with a “healthy aging” education intervention (hereafter
referred to as the health education arm) in sedentary older adults at risk for major mobility
disability. The physical activity intervention targeted aerobic activities, which consisted
primarily of brisk walking, as well as lower-extremity muscle strengthening, flexibility, and
balance exercises. The intervention involved a combination of center-based (supervised) and
home-based physical activity, with a goal of 150 minutes of walking/week. Details of the
trial, the two interventions, and the major outcomes as well as the CONSORT flow chart and
related information have been published elsewhere [20, 24]. Briefly, participants were
recruited from four field centers (Cooper Institute in Dallas, TX, Stanford University, Palo
Alto, CA, University of Pittsburgh, PA, and Wake Forest University, Winston-Salem, NC).
Study eligibility criteria included the following: ages 70-89 years; <20 minutes per week
spent in structured physical activity during the past month; having a Short Physical
Performance Battery (SPPB) score = 9 out of 12 [25]; able to walk 400 meters in 15 minutes
without sitting or use of an assistive device [20]; not planning to move out of the area for at
least 9 months; and giving informed consent. Recruitment occurred primarily through
community outreach, mass mailing, and media promotion. A total of 424 individuals were
randomized, with 400 having 12-month physical activity data that allowed them to be
included in the current investigation. The institutional review boards at all participating sites
approved the study protocol. Written informed consent was obtained from all study
participants.

Measurements

Objectively determined neighborhood compactness—Neighborhood compactness,
a major dimension of neighborhood design, was measured using a validated “walkability
index” [23], with observation-specific measures of the environment, using 250 meter buffers
around each participant’s household. Although neighborhood walkability studies with other
populations (e.g., adults or youth) have used larger buffer sizes (500-1000 meters) [26], after
conducting a sensitivity analysis comparing strength of association and model fit with buffer
sizes of 250, 500 and 1000 meters (data not shown), it was determined that a 250 meter
buffer best captured the “neighborhood” exposure for this population subgroup of retired,
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older adults, which tend to have lower walking speeds than younger populations [27]. The
GIS-based walkability index used to determine neighborhood compactness was a composite
of four stable variables drawn from the urban planning literature [12, 23]: net residential
density (ratio of residential units to the land area devoted to residential use); intersection
density (connectivity of street network measured as the ratio of number of intersections with
three or more legs to land area of the block group in acres); land-use mix (diversity of land
use types per block group; normalized scores ranged from 0 to 1, with 0 being single use and
1 indicating an even distribution of floor area across five uses—residential, retail,
entertainment, office, institutional); and retail-to-floor area ratio (retail building square
footage divided by retail land square footage). Publicly available geospatial datasets,
including year 2000 Census Block Group tiger files, and shapefile data from local land-use
and transportation departments, were used to compute the buffer-based walkability index.

Given that the term “walkability” originated from a focus on transportation patterns of
largely working-age adults [28], it does not necessarily follow that the same relationships
between neighborhood walkability and physical activity will occur in older, retired adults.
Commensurate with this point, more inconsistencies in the walkability-physical activity
relationship have been reported for older populations [29-31]. Therefore, an arguably more
neutral term, i.e., neighborhood compactness, was applied.

Higher and lower neighborhood compactness were defined using study site-specific median
splits of the walkability index, which is a zero centered, composite score of net residential
density, intersection density, land-use mix, and retail-to-floor area ratio [12] (see Table 2 for
site-specific descriptive information). Neighborhoods falling within the lower half of each
study site’s walkability index median were designated as “less compact” (i.e., more
suburban), while neighborhoods falling within the upper half of the walkability index were
designated as “more compact” (i.e., more urban).

Walking—The Community Healthy Activities Model Program for Seniors (CHAMPS)
questionnaire was used to assess self-reported walking for exercise and leisure (two items)
and for errands (one item) [32]. The CHAMPS, which assesses weekly frequency and
duration of various physical activities over the past four weeks, has suitable psychometric
characteristics and has been shown to be sensitive to change in a range of adult and older
adult populations [33]. These CHAMPS variables also have been linked with neighborhood
compactness/walkability and related constructs in older adults [12]. The walking variables
were chosen because the LIFE-P physical activity intervention specifically targeted walking,
and because these variables are most typically associated with built environment features
[34].

Outdoor gardening and yard work—The CHAMPS questionnaire includes two items
related to gardening and yard work, as follows: a) doing “heavy” gardening (such as spading
or raking), and b) doing “light” gardening (such as watering plants). Given the focus of the
LIFE-P physical activity program on promoting moderate-intensity activities, the first item
describing more intensive forms of gardening was of specific interest in the current
investigation. For descriptive purposes, we also evaluated any between-arm or
neighborhood-specific changes in the light gardening activity.
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While we did not expect (and did not find) neighborhood environment effects for indoor
routine activities such as housework, we have included the housework item from the
CHAMPS (i.e., sweeping, vacuuming) for descriptive purposes (see Table 1).

Statistical Analysis

RESULTS

Participants

Mixed-effects regression models were used to estimate the main effects of the physical
activity intervention (vs. health education) and neighborhood compactness (more vs. less
compact) on the difference from baseline to 12 months of the two forms of walking
(minutes/week of exercise and leisure walking, and minutes/week of walking for errands),
and outdoor gardening and yard work (minutes/week). Standardized effect sizes were
estimated (minutes per week at 12 months minus minutes per week at baseline/standard
deviation). Additionally, log likelihood ratio tests were used to identify potential interactions
between study arm and neighborhood design (more compact or less compact). If a
significant interaction was identified, the conditional effect of physical activity vs. health
education on the 12-month change in the dependent variable given each neighborhood
design (i.e., more or less compact) was estimated. The models were adjusted for
sociodemographic characteristics known to be associated with walking and physical activity
levels [35], including educational attainment level (elementary school, high school, college,
postgraduate education), sex, and race/ethnicity (White, Black, Hispanic, Other).
Additionally, the models were adjusted for the effect of study site (cluster-variable: Dallas,
TX, Pittsburgh, PA, San Francisco Peninsula, CA, Winston-Salem, NC), and baseline gait
speed during the 400m walk (continuous variable)--a marker for mobility impairment that
can affect routine activity engagement [20]. Alpha was set at p<.05 for determining main
effects and at p<.20 for identifying potential neighborhood compactness by intervention arm
interactions for further exploration [36]. All analyses were performed using SAS 9.3 (SAS
Institute Inc., Cary, N.C.).

Objective GIS-derived environmental data were evaluated for the 400 participants (94% of
sample) who completed the 12-month CHAMPS questionnaire (physical activity arm:
n=205, 96.2%; health education: n=195, 92.4%). Mean age was 76.7+4.2 years; 69.5% were
women; and 26.2% represented racial/ethnic minorities. The two arms had similar baseline
characteristics (p values=.13), and about half (48.5%) of participants in each arm lived in
more compact neighborhoods (see Table 1). Neighborhood compactness descriptive
statistics by study site, based on the walkability index by Frank et al.[23], are provided in
Table 2.

Neighborhood compactness as a potential moderator of physical activity intervention

effects

Exercise and leisure walking—As expected, the covariate-adjusted mixed regression
analysis indicated a significant main effect for study arm favoring the physical activity
intervention, which increased exercise and leisure walking across the 12-month intervention
period by a mean of 64.6 [SD=14.0] minutes/week relative to health education (p<.0001;
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(effect size=0.41, C1=0.21, 0.60). There was no significant neighborhood compactness-by-
study arm interaction effect for this outcome (p=.52). Physical activity participants living in
more compact neighborhoods increased exercise and leisure walking by a mean of 55.1
[SD=20.4] minutes/week relative to their health education counterparts (p=.007) (effect
size=0.33, CI=0.05, 0.61); physical activity participants living in less compact
neighborhoods increased this type of walking by 73.6 [SD=19.5] minutes/week relative to
their health education counterparts (p=.0002) (effect size=0.51, CI=0.23, 0.79). Health
education participants also increased exercise and leisure walking, but by less than 33
minutes/week on average, regardless of neighborhood compactness.

Walking for errands—A potential neighborhood compactness-by-study arm interaction
effect was found for this relationship (p=.07) (Figure 1). There was no significant between-
arm effect of the intervention on walking for errands among participants living in more
compact neighborhoods; both arms had mean 12-month decreases of approximately 22
[SD=104] minutes/week (between-arm difference=-1.8 [SD=11.1] minutes/week, p=.88)
(effect size=—0.02, C1=-0.29, 0.26). In contrast, physical activity participants living in less
compact neighborhoods reported mean 12-month decreases in walking for errands relative to
health education participants of 29.8 [SD=10.8] minutes/week, p=.006 (effect size=—0.19,
Cl=-0.47, —0.09), after adjusting for covariates. (Mean 12-month physical activity change:
-15.4 [SD=102.1] minutes/week; mean health education change: 8.7 [SD=145.1] minutes/
week).

Moderate-intensity gardening and yard work—A potential interaction effect between
neighborhood compactness and study arm was detected for this relationship (p=.16) (Figure
2). In evaluating this potential effect further, we found no significant differences over time in
the modest amounts of moderate-intensity gardening reported by participants living in more
compact neighborhoods regardless of intervention assignment (mean=7.5 [SD=11.2]
minutes/week, p=.50) (effect size=0.10, C1=-0.18, 0.38). In contrast, physical activity
participants living in less compact neighborhoods generally maintained their reported 12-
month levels of moderate-intensity gardening relative to a decrease for health education (a
mean difference of 29.3 [SD=10.7] minutes/week of moderate-intensity gardening was
found between the two interventions) (p=.007) (effect size=0.27, CI=0.03, 0.55). The mean
12-month change for physical activity was 2.2 [SD=104.5] minutes/week, and for health
education was —27.6 [SD=111.0] minutes/week. All reported findings are adjusted for
covariates.

DISCUSSION

This randomized controlled investigation explored the potential moderating effects of
neighborhood compactness on the impacts of a physical activity intervention, designed
specifically to increase discretionary-time (exercise and leisure-based) physical activity, on
routine outdoor activities that are often important for older adults’ independent living, in
addition to contributing to health enhancement as people age [8]. Irrespective of
neighborhood compactness, the physical activity intervention had the expected positive
effects on exercise and leisure walking, similar to other interventions targeting walking in
older adults [37]. However, in contrast to this positive impact, the physical activity
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intervention was associated with a general decrease in walking for errands (an average 16
minutes per week reduction relative to health education) across the 12-month intervention
period.

When compared with health education, the decrease in walking for errands was particularly
pronounced for those participants living in less compact neighborhoods (a net decrease in
physical activity participants of about 30 minutes/week), where proximity to destinations
often is more limited and walking for errands or transport more difficult [21]. In light of the
recognized benefits of active transport for aging in place [38], what appears to be a potential
compensatory reduction in active transport in those older adults participating in the physical
activity intervention merits further investigation. Similar compensatory behaviors have been
noted in other physical activity studies involving older adults and other populations [39, 40].
One hypothesis is that participants in the physical activity arm may have perceived success
in achieving sufficient levels of physical activity via the intervention activities, and thus
chose to reduce their activity levels for transportation. It is possible that more explicit
targeting of such forms of routine physical activity in conjunction with the other forms of
intervention-based walking may be useful in this more infirm older adult population. Future
interventions could explicitly encourage participants to increase their levels of discretionary-
time physical activity without decreasing their physical activities of other domains (e.qg., for
transport). This could be achieved by explicitly tracking levels of routine outdoor activities
(e.g., transport-based physical activity), and making sure that those levels do not change
substantially throughout the intervention period. Intervention strategies could also be
expanded to include a component targeting increases in active travel. It also may be
worthwhile to explore the small unexpected increase in walking for errands among
participants living in less compact neighborhoods who were randomized to health education.
(Physical activity was not discussed in that program.)

In contrast to these results, the physical activity intervention was positively linked with
maintenance of moderate-intensity gardening and yard work activities in the less compact
neighborhoods in which such outdoor activities are more prevalent. In contrast, those
participants living in less compact neighborhoods who did not receive the physical activity
intervention experienced an almost 30-minute per week reduction in moderate-intensity
gardening and yard work activities over the 12-month period. Preserving such outdoor
instrumental activities in those neighborhood contexts in which they are often required
reflects a potentially important area for maintaining independent living as people age.

For working age populations, greater levels of the four components contributing to the
neighborhood walkability index (used in this investigation to characterize neighborhood
compactness) have been associated consistently with greater levels of pedestrian walking
and bicycling activities [41]. While general associations between greater neighborhood
walkability/compactness levels and greater levels of walking also have been found among
older populations [12, 42], more inconsistencies in this relationship have been reported. For
example, several randomized controlled trials evaluating physical activity interventions in
older adults have found that persons living in less compact, more “suburban” neighborhoods
reported more walking than persons living in more compact neighborhoods [29-31].
Relevant to this point, LIFE-P physical activity participants living in less compact
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neighborhoods had a 25 percent greater increase in exercise and leisure walking relative to
their health education counterparts than those living in more compact neighborhoods.

Study Strengths and Limitation

Among the strengths of the current investigation is its focus on older-aged adults already
showing some functional limitations—a growing though less studied, highly vulnerable
group with respect to subsequent mobility disability [7] for which participation in routine
outdoor activities may be particularly important. The use of an objective determination of
neighborhood compactness that targeted stable macro-scale features of the neighborhood
environment also reflects a methodological strength, as does the randomized controlled
study design and 12-month intervention length. While other studies have explored the
relations between certain aspects of neighborhood design and one or more outdoor routine or
instrumental activities among older adults, the vast majority of such studies have used
observational designs [12]. Although participation in the routine activities under study was
captured using primarily single- or dual-item questions on a self-report questionnaire, that
questionnaire (the CHAMPS) was specifically developed and validated for older adults
participating in physical activity interventions [32, 43].

Study limitations include the lack of an objective measure of physical activity (e.g.,
accelerometry), which could have provided additional insights related to the potential
impacts of neighborhood design on participants’ structured as well as routine forms of
physical activity. The study also lacked relevant information on participants’ perceptions of
their neighborhoods’ walkability—which can provide additional useful information in
relation to physical activity [44, 45]. So too, the questions pertaining to gardening and yard
work focused specifically on those activities occurring around the individual’s home. It
would have been useful to also gather information concerning communal or community
gardening activities, in light of their potentially positive impacts on residents’ sense of trust
and community investment as well as control of community violence [46-48].

CONCLUSION

In summary, the results of this experimental investigation indicate that, among older adults
attempting to increase their regular physical activity levels, those living in less compact
neighborhoods may be at particular risk for compensatory reductions in certain routine
activities such as active transport. In contrast, older adults from less compact neighborhoods
may particularly benefit from such physical activity programs through maintaining their
ability to engage in other routine activities such as gardening and yard work. The increasing
evidence of the health-enhancing benefits of such “lifestyle” activities for older adults
supports further systematic investigation of methods for maintaining or increasing these
forms of regular physical activity, which are often ignored in community physical activity
programming. In particular, finding ways to encourage continued active transport as well as
other instrumental forms of activity across different types of neighborhoods may help to
contribute to overall levels of physical activity and, by extension, health and vitality as
people age.
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Highlights
Older adults at disability risk can benefit from structured physical activity.

Year-long exercise and leisure walking improved regardless of neighborhood
design.

Walking for errands decreased more in less compact (more suburban)
neighborhoods.

Gardening and yard work were maintained by exercisers in less compact
neighborhoods.
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Figure 1.
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Figure 2.
Change in weekly minutes of heavy gardening, by neighborhood compactness and

intervention arm
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Table 2

Descriptive statistics of neighborhood compactness, by study site

Descriptive San Francisco ~ Winston-Salem,
Statistic Dallas, TX Pittsburgh, PA  Peninsula, CA

Median -0.9383 0.8619 -0.1865 -1.5056
Standard Deviation 1.7241 2.5143 1.9058 1.4557
Minimum -3.1530 -3.0273 -3.1622 -3.2169
Maximum 8.9821 8.5953 6.7318 4.6827
Interquartile Range 1.3661 3.1964 2.0128 1.6567

NOTE: Neighborhood compactness was characterized using the “walkability index” developed by Frank et al (2010). The “walkability index” is a
zero centered, composite score of net residential density, intersection density, land-use mix, and retail-to-floor area ratio. Low walkability index
scores reflect less compact, single-use neighborhoods; while high walkability index scores reflect more compact, multi-use neighborhoods.
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