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ORIGINAL RESEARCH

What “Moves” the Populations Most Likely to Be Physically
Inactive—Women and Older Adults? Evidence From Mueller,
a Mixed-Use Neighborhood in Austin, Texas
Tamara Vehige Calise, William DeJong, Timothy Heren, Chloe Wingerter, and Harold W. Kohl III
Background: Older age groups are less likely than their younger counterparts to be regularly active and women are even less
active. Ecological models suggest that multiple levels of inﬂuence with each level inﬂuencing the next level impacts physical
activity behaviors. Methods: Hierarchical multiple regressions were used to determine factors within and across the ecological
model that predicted both total physical activity and walking for recreation. Findings: The overall predictors of total physical
activity were different than those of walking for recreation, with the exception of dog ownership and perceived barriers. Gender
and age were signiﬁcant predictors of walking for recreation, but these associations were not present for total physical activity.
Women and older adults walked more for recreation in a mixed-use community, Mueller, (and thus engaged in more total
physical activity) compared with men and younger adults. Conclusion: Behavior-speciﬁc physical activity as well as total
physical activity led to a better understanding of factors that may impact behavior among an overall aging population, especially
women. This level of speciﬁcity is important in understanding speciﬁc factors that are associated with physical activity among
vulnerable populations and can help guide the development of tailored, cost-effective, and efﬁcient policies and interventions.
Keywords: physical activity, vulnerable populations, built environment
The population of US adults aged 65 years and older has
increased by 25% between 2003 and 2013 and is projected to more
than double to 98 million in 2060.1 In 2011, “baby boomers” or
individuals born between 1946 and 1964 began turning 65 years of
age and are now driving growth at the older ages of the population.2
Persons reaching age 65 have an average life expectancy of an
additional 19.3 years (20.5 y for women and 17.9 y for men).1
Although improved healthcare has led to a progressively increasing
life expectancy among older adults, studies suggest baby boomers
have higher rates of chronic disease, more disability, and lower
self-rated health than members of the previous generation at the
same age.3 Moreover, 28% of noninstitutionalized older persons
live alone, which is 8.8 million women and 3.8 million men.1 By
2056, the population aged 65 years and older will be larger than
those youth under 18 years2 suggesting the importance of improving this population’s health status.
A physically active lifestyle has many health beneﬁts. Individuals who engage in regular physical activity have a lower risk of
chronic disease and premature death.4 Walking, in particular, has
been identiﬁed as a low-cost, aerobic physical activity that people
of all ages can perform.5 Walkers are more likely to meet or exceed
physical activity guidelines.6 Numerous studies looking at the
impact of walking have found a reduced risk of cardiovascular
disease, weight loss,7 and blood pressure control.8
Evidence increasingly indicates that physical activity can
extend years of active independent living, reduce disability, and
improve the quality of life for older people.4 Yet, older age groups
(60 y and older) are less likely than their younger counterparts
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to be regularly active, and women are less likely than men to
achieve regular physical activity, especially leisure-time physical
activity.9
Although individual-level factors likely inﬂuence physical
activity behaviors, research suggests that recreational walking,
in particular, may also be inﬂuenced by societal and environmental
forces that support a safe, enjoyable, and social experience.10,11
Ecological models suggest that multiple levels of inﬂuence (individual, interpersonal, etc), with each level inﬂuencing the next,
impacts physical activity behaviors.12 Although the levels of the
social-ecological model will remain the same, the speciﬁc factors
within each level will vary depending on the population group.13
In this way, physical activity behavior is complex. Understanding
factors that inﬂuence older adults’ physical activity levels, speciﬁcally walking, can help inform strategies to increase their likelihood of achieving the recommended amount of activity and
ultimately improve older adult health.
Data from the parent Healthy Austin Study14 provide a unique
opportunity to specify factors across multiple levels of the socialecological model that may inﬂuence, or be inﬂuenced by, factors
known to impact physical activity. The targeted community offered
neighborhood characteristics positively associated with recreational physical activity including aesthetics and social interaction
opportunities,15–17 safety,18,19 and access to outdoor recreational
facilities, including trails.15,20–22 This current study looked at these
factors within and across the ecological model, including individual and household characteristics, to better understand physical
activity levels.
Associations between the environment and physical activity
are thought to become more understood when behaviors and
contexts are speciﬁcally examined.14,23 As such, this study looked
at both total postmove physical activity as well as walking for
recreation inside the neighborhood. Findings could help guide the
development of tailored, cost-effective, and efﬁcient policies and
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interventions. This may be especially important in increasing
activity levels among our least active, but growing the older adult
population.

Methods
The study was approved by the institutional review boards in both
the Boston University Medical Center and the University of Texas
Health Science Center in Houston.

Population Parent Study
This study was based on data from the Healthy Austin Study,14
which included a cross-sectional survey of participants who
had recently moved to a New Urbanist-inspired neighborhood
(Mueller) in Austin, Texas. Brieﬂy, a survey was mailed to all
households as of April 1, 2009, to assess individual and household characteristics, perceived neighborhood features, and health
behaviors.

Procedures
The methods used for the recruitment and data collection procedures for the Healthy Austin Study have been published elsewhere.14 Brieﬂy, a mailback survey was sent to all households
occupied as of April 1, 2009 (per public utility company records),
and 1 adult per household was invited to participate in the study.
Participants provided consent to participate and completed a
questionnaire on their individual and household characteristics,
neighborhood characteristics, and health behaviors. A subset of
questions, including neighborhood characteristics and physical
activity behaviors, were asked in relation to their current neighborhood and in relation to their prior neighborhood (ie, the neighborhood they lived in before moving to Mueller). Of the 424
surveys mailed, 267 were returned (63.4% response).
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Current Study Design
This study focused on better understanding factors associated
with adults’ physical activity behaviors, speciﬁcally those related
to older adults. Hierarchical multiple regressions (HMR) were
used to determine factors within and across the ecological model
that predicted both total physical activity and walking for
recreation.

Measures
Physical Activity. The Neighborhood Physical Activity Questionnaire was used to measure physical activity, which was based
on a valid instrument (International Physical Activity Questionnaire-short version),24 and has been found to be reliable.25 The
present study examined both total physical activity (total time spent
walking, biking, and engaging in other moderate- and vigorousintensity recreational and transport-related activities) inside and
outside the neighborhood and walking for recreation inside the
neighborhood. As per the 2008 Physical Activity Guidelines for
Americans,26 a measure of duration, reported as minutes per week,
was used for each variable (eg, “In a usual week, how many times
did you walk for recreation, health, or ﬁtness (including walking
your dog) IN OR AROUND your neighborhood or local area?”).
Individual, Household, Health, and Behavioral Variables.

Individual- and household-level information included sex; age;
education; race; income; length of residency in Mueller
(≤5 mo, 6–12 mo, >12 mo); children ≤18 years at home; dog
ownership; and number of household cars (≤1, 2, ≥3). Health
and behavioral variables included self-reported health status
(1 = “poor” and 5 = “excellent”); smoking status; height and
weight (converted into body mass index, kg/m2); fruit and vegetable intake; sedentary behavior (hours per day spent watching
television, reading, or playing video games); and meeting the
2008 Physical Activity Guidelines prior to moving to Mueller.27

Figure 1 — Hierarchical multiple regression predicting postmove total PA. BMI indicates body mass index; PA, physical activity. aMet 2008 Physical
Activity Guidelines before moving to Muller. bDeﬁned by closeness to parks, recreational facilities, and ease of walking. *Signiﬁcant contributor
P value ≤.05. **P value <.20.
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Figure 2 — Hierarchical multiple regression predicting walking for recreation inside the neighborhood. BMI indicates body mass index; PA, physical
activity. aMet 2008 Physical Activity Guidelines before moving to Muller. bDeﬁned by closeness to parks, recreational facilities, and ease of walking.
*Signiﬁcant contributor P value ≤.05. **P value <.20.

Psychosocial and Environmental Variables.

(1) Social Support. Respondents answered 5 questions regarding
social support (1 = “strongly disagree” and 4 = “strongly
agree”) including general social support and encouragement
from friends and family. Responses to each of the 5 questions
were dichotomized as (1) strongly or somewhat disagree/no
relatives close by or (2) somewhat or strongly agree. The
5 responses were added together, resulting in scale scores
ranging from 0 to 5, which then were divided into 3 groups:
low (0–1), intermediate (2–3), or high (4–5) levels of social
support.
(2) Perceived Barriers. Respondents reported how often each
of 9 barriers (eg, not having time, feeling tired, and not
having a safe place to exercise) kept them from participating
in physical activity (1 = “never” and 5 = “very often”). The
scores were combined to create scale scores of 1 to 45, with
higher scores indicating greater perceived barriers. Recoding
produced 3 categories : low (9–16), intermediate (17–21),
and high (22–45).
(3) Social Life in Neighborhood. Respondents were asked about
their interactions with neighbors during the past week. Neighbors were deﬁned as people who live within a 15-minute
walking distance. Respondents reported “yes” or “no” on each
of 8 different interactions (eg, wave to a neighbor, stop and
talk with a neighbor, and have a neighbor at your house to
socialize). The reported interactions were added to create
scale scores ranging from 0 to 8, which were then divided into
3 groups: low (0–3), intermediate (4–6), and high (7–8) levels
of social life in the neighborhood.
(4) Sense of Community. Respondents reported if living in their
neighborhood gave them a sense of community (1 = “strongly
disagree” and 4 = “strongly agree”); with recoding, 2 categories were created: disagree (1–2) and agree (3–4).

(5) Neighborhood Access to Physical Activity. Respondents reported the importance of 13 identiﬁed reasons for moving to
Mueller. Three of these items speciﬁcally related to the recreational physical activity (closeness to open space such as parks,
ease of walking, and closeness to recreational facilities). Responses to these variables were added to create a neighborhood
access variable. The overall score ranged from 0 to 15, with
higher scores indicating that neighborhood access to physical
activity was very important. Due to shape of the distribution,
the scores were recoded as low (3–12) or high (13–15).

Data Analysis
All statistical analyses were conducted using STATA SE/11.0
(StataCorp, College Station, TX). Alpha levels were set at .05.
Preliminary analyses were performed to ensure there was no violation of the assumption of normality, linearity, multicollinearity, and
homoscedasticity. HMR was used given its appropriateness when
variance on a criterion variable is being explained by predictor
variables that are correlated with each other.28 To determine the
signiﬁcance of the relationships between variables, the strength of
those relationships, and their explanatory power across levels, each
variable was entered into the model (without further recoding beyond
what was described in the “Methods” section), starting with sex,
age, education, and race. Level 2 included household income, length
of residency in Mueller, children, dog ownership, and household
vehicles. Level 3 included self-perceived health, smoking status,
body mass index, fruit and vegetable intake, sedentary behavior, and
meeting physical activity guidelines before moving to Mueller. Level
4 included social support, perceived barriers, social life in neighborhood, sense of community, and preferred neighborhood access to
physical activity. The variables were entered into the model by level.
Predictor tests were conducted in the regression models, and variables with a P value <.20 were carried into the next level.
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Results
Participant characteristics are shown in Table 1. Women represented
61.7% of the sample. A little less than half (46.0%) of the sample
was 40 years or older (11.0%, ≥60 y of age); 93.2% had graduated
from college and 88.6% were white. Nearly, 45.0% of the respondents reported a household income greater or equal to $90,000, and
43.8% owned a dog. Almost 35% perceived their health to be excellent, 24.5% reported sedentary behavior 4.0 or more hours per day,
and 84.6% met the 2008 Physical Activity Guidelines after moving
to Mueller. On average, respondents engaged in 160 minutes per
week walking for recreation inside Mueller, up from 92 minutes of
walking inside their previous neighborhood.
Psychosocial and environmental characteristics are reported
by gender in Table 2. Of note, women reported higher levels of
social support and social life in Mueller than men did. Similarly, a
higher percentage of women compared with men had a sense of
community in Mueller (73.8% vs 59.8%, respectively) and attached
Table 1
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a high level of importance to neighborhood access to physical
activity. Yet, a higher percentage of men (48.0%) compared with
women (29.8%) were in the low perceived barriers group.

Total Physical Activity
Hierarchical multiple regressions were performed to investigate
the ability of individual and household characteristics, health and
behaviors, and environmental factors to predict postmove total
physical activity (in mean minutes per week). In the ﬁrst level, 4
predictors were entered: age, education, race, and sex. This model
was statistically signiﬁcant (F6,217 = 2.42; P = .03) and explained
3.7% of the variance in postmove total physical activity. Race made
a signiﬁcant unique contribution to the model (P = .01). The second
model, which included the household characteristics, accounted
for 4.6% of the variance (F13,210 = 1.83; P = .04). In addition to
race, dog ownership was a signiﬁcant contributor to total physical
activity (P = .03).

Reported Participant Characteristics

Characteristics
Sex
Male
Female
Age, y
20–39
40–59
≥60
Education
Less than college
College
Postgraduate
Race
White
Non-White
Income
<40,000
40–59,999
60–89,999
≥90,000
Missing/unknown
Residency
1–5 mo
6–11 mo
≥12 mo
Children ≤18 y at home
None
≥1

in %
38.3
61.7
54.1
35.4
10.5
6.8
45.8
47.4
88.6
11.4
10.9
19.1
15.4
44.9
9.7
12.2
28.6
59.2
72.5
27.5

Characteristics
Dog ownership
No
Yes
Household vehicles, #
≤1 car
2 cars
≥3 cars
Self-perceived health
Fair/average
Good
Excellent
Smoking status
Never smoked
Current or former smoker
BMI (k/m2)
<25.0
25.0–29.9
≥30.0
Fruit and vegetable intake
<5 servings/day
≥5 servings/day
Fat intake
Diet high in fat
Diet moderate in fat
Diet low in fat
Sedentary behavior (h/d)
0.0–1.99
2.0–3.99
≥4.0
Meets 2008 Physical Activity Guidelinesa
No
Yes

in %
56.2
43.8
34.2
57.0
8.8
15.3
50.2
34.5
64.6
35.4
57.7
32.2
10.1
54.0
46.0
9.4
52.5
38.1
28.0
47.5
24.5
15.5
85.6

a
Adults should do at least 150 min (2 h and 30 min) a week of moderate-intensity, 75 min (1 h and 15 min) a week of vigorous-intensity aerobic activity, or an equivalence
combination of moderate- and vigorous-intensity aerobic activity.
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Table 2 Psychosocial and Environmental Characteristics by Gender
Characteristics

Men (n = 100), %

Social support
Low
44.4
Intermediate
46.5
High
9.1
Perceived barriers
Low
48.0
Intermediate
33.0
High
19.0
Social life in neighborhood
Low
43.1
Intermediate
30.4
High
26.5
Sense of community in Mueller
Disagree
40.2
Agree
59.8
Neighborhood access to physical activitya
Low
56.9
High
43.1

Women (n = 156), %
28.9
55.1
16.0
29.8
40.5
29.7
27.2
44.3
28.5
26.2
73.8
49.1
50.9

a

Physical activity as deﬁned by closeness to parks, recreational facilities, and ease
of walking.

The third model included individual health and behaviors and
explained 23.9% of the variance of postmove total physical activity
(F13,197 = 6.10; P < .001). Self-perceived health (P = .001), fruit
and vegetable intake (P = .05), and meeting physical activity
guidelines before moving to Mueller (P < .001) were signiﬁcant
contributors to the model. The ﬁnal model included the environmental factors and accounted for 29.4% of the variance in postmove total physical activity (F16,187 = 6.29; P < .001). Perceiving
there to be few barriers was a signiﬁcant contributor to total
physical activity (P = .01).
In summary, the ﬁnal model showed signiﬁcant associations
to postmove total physical activity with being white, owning a dog,
better self-perceived health, fruit and vegetable intake, meeting
physical activity guidelines before moving to Mueller, and perceiving fewer barriers (all Ps < .05) (Figure 1).

Walking for Recreation
Hierarchical multiple regressions were also performed to investigate
factors that predict walking for recreation inside the neighborhood.
In the ﬁrst level, 4 predictors were entered: age, education, race, and
sex. This model was statistically signiﬁcant (F6,237 = 5.30; P < .001)
and explained 9.6% of the variance in walking for recreation inside
Mueller. The second model, which included household characteristics, accounted for 15.6% of the variance (F13,232 = 4.50; P = .16).
In addition to sex and age, dog ownership was a signiﬁcant contributor to walking for recreation (P < .001). The third model
included individual health and behaviors and explained 22.2% of
the variance of walking for recreation inside Mueller (F13,214 = 5.98;
P < .001). Sex, age, and dog ownership continued to be signiﬁcant
contributors to walking for recreation in Mueller.
The fourth model included environmental variables and
accounted for 23.4% of the variance in walking for recreation
inside the neighborhood (F19,200 = 4.36; P < .001). In this model,

perceiving there to be few barriers was a signiﬁcant contributor to
walking inside Mueller for recreation (P = .03).
In summary, the ﬁnal model showed signiﬁcant associations
to walking with being female, being older, owning a dog, and perceiving fewer barriers to physical activity (all Ps < .05) (Figure 2).

Discussion
The present study is the ﬁrst of which we are aware that has
examined sources of variation in total physical activity and a
behavior-speciﬁc activity (ie, walking for recreation inside one’s
neighborhood). The overall predictors of total physical activity
were different than those of walking for recreation, with the
exception of dog ownership and perceived barriers. Associations
between the environment and physical activity become clearer
when examining a speciﬁc behavior like walking inside the
neighborhood for recreation rather than total physical activity.
Our data show having access to physical activity amenities (ie, ease
of walking and closeness to parks and recreational facilities) was
very important in the respondents’ decision to move to Mueller.
Women reported higher levels of social support and social life in
Mueller than did men. Similarly, a higher percentage of women
compared with men had a sense of community in Mueller.
Although physical activity participation is consistently higher
among men than in women and declines with age,9 women and
older adults walked more for recreation in Mueller (and thus
engaged in more total physical activity) compared with men and
younger adults. Gender and age were signiﬁcant predictors of
walking for recreation, but these associations did not hold when
looking at total physical activity.
This interpretation is consistent with other studies that suggest women appear more likely than men to walk for physical
activity19,29 and engage in physical activities in their neighborhood.19 Velasquez et al30 found leisure-time physical activity
and meeting physical activity recommendations among women
to be associated with the use of community walking trails, parks,
playgrounds, or sports ﬁelds and with use of public recreation
centers. Brownson et al31 found that women were more than twice
as likely as men to have increased their walking since they began
using local trails. Humpel et al17 found women who perceived
their neighborhood to be a convenient place to walk had higher
levels of neighborhood walking. Yet, there are inconsistencies
across other studies which may be explained in part by the choice
of exposure measures. Our study found varying levels of inﬂuence across total physical activity and walking for recreation.
Looking at contextual factors and speciﬁc physical activity
behaviors, as well as total physical activity, rather than just one
or the other is important in the development of effective policies
and interventions.
Dog ownership and perceived barriers were predictors of
total physical activity and walking for recreation inside the
neighborhood. These results are consistent with other studies,15,25,32 including several studies which also found dog ownership to be associated with physical activity in later life.33–35
Two possible explanations are that dogs provide owners with
motivation to walk32 or facilitate and increase social interaction.
Wu et al35 found that dog owners showed a smaller decline in the
number of steps on days with inclement weather. Furthermore,
compared with nondog owners or nondog walkers, dog owners
were more active on the coldest and hottest days. This is particularly interesting given that poor weather is a commonly cited
barrier to physical activity.36 Although we cannot speciﬁcally say
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that owning a dog enabled respondents to overcome weatherrelated barriers in terms of their physical activity levels, our study
found that respondents reporting few barriers were the most
active. This ﬁnding suggests the potential importance of companion dogs in providing emotional and instrumental support that
promotes regular physical activity among older adults. Additional
studies should be conducted to further investigate the role that
dogs may have in increasing physical activity levels, particularly
one’s ability to overcome weather-related barriers among the
aging population.
Neighborhood features were a predictor of total physical
activity and walking for recreation inside the neighborhood.
Although the strength of that predictive relationship was reduced,
once other individual, psychosocial, and environmental variables
were considered. Nonetheless, several assumptions can be made
regarding the higher levels of physical activity found among
older women, compared with males and younger adults. The
hierarchical approach to these multilevel relationships offers the
estimation of regression coefﬁcients across scales, or levels, in
addition to partitioning variation. Every relationship identiﬁed took
into account the scale, or level, of the pattern explained. HMR was
chosen over stepwise regression because the order of variable entry
into the analysis is based on theory, and it does not have the same
drawbacks regarding degrees of freedom, identiﬁcation of best
predictor set of a prespeciﬁed size, and replicability.37 It proved
useful to look at the contributions of predictors above and beyond
those previously entered, as a means of statistical control.
This study is subject to several limitations. All information is
self-reported, susceptible to recall and social desirability bias.
Although the Neighborhood Physical Activity Questionnaire has
been found to be reliable, the validity is unknown. However,
Neighborhood Physical Activity Questionnaire was based on the
International Physical Activity Questionnaire, a validated instrument. In addition, there were overall high levels of activity reported
(results published elsewhere)14 which may reﬂect a response bias.
Households with active adults may have been more likely to return
surveys than households with inactive adults. The sample was
homogeneous, and the extent to which these ﬁndings are generalizable to other populations is unknown. Finally, the data were
collected several years ago. Nevertheless, these ﬁndings are important now; not only are mixed-use neighborhoods such as Mueller
being established across the country, our population is aging.
Increasing knowledge pertaining to factors associated with total
physical activity and walking for recreation within such neighborhoods, and among older adults, is important. At this point in time,
our ﬁndings suggest different factors are associated with walking
for recreation compared with total physical activity, with the
exception of perceived barriers and dog ownership. There are a
number of combinations of variables that could be introduced
within (eg, individual level) and across the ecological model
(eg, individual and community) and should be studied.

Conclusion
Our analysis demonstrated that focusing on behavior-speciﬁc
physical activity as well as total physical activity led to a better
understanding of factors that may impact behavior among baby
boomers and an overall aging population, especially women. This
level of speciﬁcity is important in developing cost-effective and
efﬁcient policies and interventions. Similar research should be
done to further explore behavior-speciﬁc physical activity as well
as combinations of variables in other, more diverse communities.
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