
American Journal of Public Health | March 2004, Vol 94, No. 3440 | Research and Practice | Peer Reviewed | Addy et al.

 RESEARCH AND PRACTICE 

5000 7500 10000 12500 15000 17500 20000

Total Energy Expenditure (kJ/d)

0.0

0.00005

0.00010

0.00015

0.00020

D
en

si
ty

 H
ei

g
h

t 

125 250 375 500 625 750 875 1000

Gain in Total Energy Expenditure (kJ/d)

0.0

0.002

0.004

0.006

0.008

D
en

si
ty

 H
ei

g
h

t 

5000 7500 10000 12500 15000 17500 20000

Total Energy Expenditure (kJ/d)

0.0

0.00005

0.00010

0.00015

0.00020

D
en

si
ty

 H
ei

g
h

t 

125 250 375 500 625 750 875 1000

Gain in Total Energy Expenditure (kJ/d)

0.0

0.002

0.004

0.006

0.008
D

en
si

ty
 H

ei
g

h
t 

Existing EE
Simulated EE

Existing EE
Simulated EE

Population gain
New participant gain

Population gain
New participant gain

a b

c d

Note. EE = energy expenditure. Increases to recommended frequency, duration, and intensity of walking were assumed to be
possible only for persons walking less than the recommendation (eligible adults), and prevalent compliers were assumed to
continue their walking habits without change. Gains are for moderate walking (3.9 basal metabolic rate) for 30 minutes per
day by prevalent compliers and 50% of eligible adults and for brisk walking (4.7 basal metabolic rate) for 30 minutes per day
by prevalent compliers and 50% of eligible adults.

FIGURE 1—Population distributions of (a) daily total energy expenditure (1 kJ/d=4.2 kcal/d)
for 30 minutes of daily moderate walking, (b) gains in energy expenditure for 30 minutes of
daily moderate walking, (c) daily total energy expenditure for 30 minutes of daily brisk
walking, and (d) gains in energy expenditure for 30 minutes of daily brisk walking by 6010
randomly selected adult (3014 men, 2996 women, aged 35–74 y) residents of Geneva,
Switzerland, 1997–2001.
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Associations of
Perceived Social and
Physical Environmental
Supports With Physical
Activity and Walking
Behavior
| Cheryl L. Addy, PhD, Dawn K. Wilson, PhD,

Karen A. Kirtland, PhD, Barbara E. Ainsworth,
PhD, MPH, Patricia Sharpe, PhD, MPH,
and Dexter Kimsey, PhD

We evaluated perceived social and
environmental supports for physical ac-
tivity and walking using multivariable
modeling. Perceptions were obtained
on a sample of households in a south-
eastern county. Respondents were clas-
sified according to physical activity lev-
els and walking behaviors. Respondents
who had good street lighting; trusted
their neighbors; and used private recre-
ational facilities, parks, playgrounds,
and sports fields were more likely to be
regularly active. Perceiving neighbors
as being active, having access to side-
walks, and using malls were associated
with regular walking.

The beneficial effect of physical activity
on reducing chronic disease is well estab-
lished,1–3 but most of the US population is
not regularly active.1,4 A social ecological
perspective of health5–7 suggests that social
and environmental factors play an important
role in increasing physical activity.8–13 In this
study, we use a multivariable approach to
evaluate how perceptions of social and phys-
ical environmental supports contribute to
predicting physical activity and walking
behavior.

METHODS

Data were collected from a sample of
households in a predominantly rural south-
eastern county. Households were selected
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TABLE 1—Demographic Characteristics
and Physical Activity Behaviors

Weighted
Variable n %

Age, y

18–34 256 35.6

35–54 456 36.2

≥ 55 482 28.2

Race

African American 477 41.0

White 687 59.0

Other/data missing 30 . . .

Gender 

Male 473 43.7

Female 721 56.3

Education

Some college or technical 630 54.3 

school

High school diploma or less 551 45.7

Data missing 13 . . .

Physical activity

Regularly active 395 37.6

Irregularly active 555 44.6

Inactive 234 17.8

Data missing 10 . . .

Walking behavior

Regular walking 420 39.5

Irregular walking 438 34.8

Nonwalker 320 25.7

Data missing 16 . . .

within each census tract of the county to
guarantee a balance in racial and geographic
distributions. Respondents aged 18 years or
older were randomly selected from all adults
living in each household. Based on 1194
telephone interviews, the survey response
rate was 54%.

The interview assessed demographic char-
acteristics, social and physical environmental
perceptions, and physical activity and walking
behavior. Survey items were developed from
an extensive literature review,8,10,14,15 expert
input, and community focus groups.16

Thirteen items addressed perceived sup-
ports and barriers of physical activity in the
neighborhood, defined as a 0.5-mile radius or
10-minute walk from the respondent’s home.
Supports for physical activity were sidewalks,
public recreation facilities, streetlights, having
a pleasant neighborhood for walking, and
physically active neighbors. Barriers to physi-
cal activity included traffic volume, unat-
tended dogs, crime, and perception of neigh-
bors being untrustworthy.

Thirteen items related to perceived sup-
ports and barriers of physical activity in the
community, defined as a 10-mile radius or
20-minute drive from the residence. Supports
included walking/bike trails, swimming pools,
recreation facilities, parks, playgrounds, sports
fields, schools, malls, places of worship, and
waterways. Barriers included crime and
safety concerns associated with recreation fa-
cilities. Test–retest reliabilities ranged from
.42 to .74 for neighborhood variables and
from .28 to .56 for community variables,
with modest κ coefficients between percep-
tions and objective data.17

Physical activity was measured using the
2001 Behavioral Risk Factor Surveillance
System physical activity module18–20 to clas-
sify respondents as active (30 minutes or
more of moderate physical activity 5 or more
days per week, or 20 or more minutes of vig-
orous physical activity 3 or more days per
week), insufficiently active (lower levels of
physical activity than active), or inactive (no
moderate or vigorous physical activity). Re-
spondents also were classified as regular
walkers (30 or more minutes 5 or more days
per week), irregular walkers (lower levels
than regular walkers), or nonwalkers (no
walking for 10 minutes or more at a time).

Analysis weights were constructed to adjust
for numbers of adults and voice telephone
lines in each household and for the differen-
tial sampling and response rates. All statistical
analyses incorporated these weights using
SUDAAN Version 80 (Research Triangle In-
stitute, Research Triangle Park, NC). General-
ized logistic regression allowed for 3 levels of
the dependent variables, with inactive and
nonwalker categories used as referent levels
for classifying physical activity and walking
behavior. An odds ratio greater than unity re-
flects an increased likelihood of physical ac-
tivity or walking at the specified level. The as-
sociations of demographic, neighborhood, and
community variables with physical activity
and walking were assessed to develop multi-
variable models.

RESULTS

The sample demographics are presented in
Table 1. Multivariable modeling demonstrated
that younger age; better street lighting; trust
of neighbors; and use of private recreation fa-
cilities, parks, playgrounds, sports fields,
schools, and worship facilities were associated
with increased physical activity (Table 2).
Younger age, more education, having physi-
cally active neighbors, having sidewalks avail-
able in the neighborhood, and using a mall
for walking were associated with increased
walking behaviors.

DISCUSSION

Few investigators have used multivariable
analysis to assess the influence of environ-
mental supports on physical activity,14 and
less is known about the impact of such sup-
ports on walking behavior.10,12,21,22 The find-
ings in the present study are consistent with
previously identified univariate associations
between social and environmental supports
and physical activity10,14 and between walking
behavior and access to trails.14,23

Overall, neighborhood variables were
stronger predictors of physical activity and
walking than were community variables. Con-
sistent with social ecological models,5–7 in-
creasing awareness and use of environmental
supports already available in neighborhoods
may be cost-effective for increasing physical

activity and walking. Interventions to increase
environmental supports for physical activity
should target proximal locations—such as pri-
vate recreational facilities, parks, playgrounds,
and sports fields—as well as adequate lighting
and the presence of convenient, nearby op-
portunities for physical activity. Future re-
search on community-based interventions
should focus on expanding awareness, safety,
and access to and use of places where people
can engage in physical activity and walking.

This study is cross-sectional; therefore,
causal inferences cannot be made. The survey
was based on self-report measures of percep-
tions, physical activity, and walking and was
conducted during the winter months in a pre-
dominantly rural, southeastern community
with only 1 small metropolitan area, limiting
potential generalizability.
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TABLE 2—Associations With Physical Activity and Walking Behavior

Physical Activity Behavior Walking Behavior

Sufficiently Active Regular Walking Irregular Walking
Active vs Inactive vs Inactive vs No Walking vs No Walking

Variable OR (95% CI) OR (95% CI) Overall P OR (95% CI) OR (95% CI) Overall P

Demographic Variables

Age, y 0.0121 0.0002

18–34 2.17 (1.20, 3.92) 1.35 (0.76, 2.38) 3.44 (2.00, 5.93) 1.53 (0.90, 2.61)

35–54 2.06 (1.18, 3.60) 1.92 (1.16, 3.18) 1.99 (1.17, 3.37) 1.24 (0.74, 2.06)

≥ 55 1.00 1.00 1.00 1.00

Education . . . 0.0424

Some college or technical school . . . . . . 1.69 (1.07, 2.66) 1.69 (1.08, 2.65)

High school or less . . . . . . 1.00 . . .

Neighborhood Variables

People active in neighborhood . . . 0.0002

Yes . . . . . . 2.66 (1.67, 4.25) 1.65 (1.06, 2.60)

No . . . . . . 1.00 1.00

Sidewalks in neighborhood . . . 0.0114

Yes . . . . . . 1.39 (0.77, 2.51) 2.23 (1.27, 3.92)

No . . . . . . 1.00 1.00

Street lighting in neighborhood 0.0448 . . .

Good 1.21 (0.70, 2.09) 0.84 (0.49, 1.43) . . . . . .

Fair 1.28 (0.68, 2.43) 1.73 (0.96, 3.11) . . . . . .

Poor 1.00 1.00 . . . . . .

Uses private recreation facility < 0.0001 . . .

Yes 7.26 (3.52, 14.95) 4.36 (2.17, 8.76) . . . . . .

No 1.00 1.00 . . . . . .

Neighbors can be trusted 0.0002 . . .

Yes 2.64 (1.32, 5.30) 3.72 (1.99, 6.95) . . . . . .

No 1.00 1.00 . . . . . .

Community Variables

Community parks 0.0192 . . .

Uses parks 2.20 (1.21, 3.98) 1.96 (1.10, 3.49) . . . . . .

Does not use parks 0.81 (0.46, 1.43) 1.12 (0.66, 1.90) . . . . . .

No parks 1.00 1.00 . . . . . .

Community malls for physical activity . . . 0.0030

Uses malls . . . . . . 0.77 (0.40, 1.48) 1.68 (0.87, 3.24)

Does not use malls . . . . . . 0.45 (0.26, 0.78) 1.03 (0.59, 1.77)

No malls . . . . . . 1.00 1.00

Note. OR = odds ratio; CI = confidence interval.

In summary, perceptions of social and phys-
ical environmental supports were positively as-
sociated with physical activity and walking be-
havior, especially at the neighborhood level.
Increasing awareness of environmental sup-
ports, social comparison, and safety issues as
well as of the importance of using opportuni-

ties for physical activity at the neighborhood
level may be an effective strategy for future
community-based interventions.
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Prevalence of Secondary
Conditions Among
People With Disabilities
| Susan Kinne, PhD, Donald L. Patrick, PhD,

MSPH, and Debra Lochner Doyle, MS, CGC

We analyzed data from 2075 re-
spondents to the disability supplement
of the 2001 Washington State Behav-
ior Risk Factor Surveillance Survey to
describe population prevalence of sec-
ondary conditions among adults with
disabilities. Eighty-seven percent of re-
spondents with disabilities and 49%
without disabilities reported at least
1 secondary condition. Adjusted odds
ratios for disability for 14 of 16 condi-
tions were positive and significant. The
association of disability with substan-
tial disparities in common conditions
shows a need for increased access to
general and targeted prevention inter-
ventions to improve health.

One in 5 Americans reports disability or lim-
itation in major life activities because of physi-
cal, mental, or emotional conditions lasting 6 or
more months.1 Disability is increasing as the
population ages with chronic conditions and
more young people survive birth- and injury-
related limitations.2 People with disabilities are
at risk for “secondary conditions,” preventable
physical, mental, and social disorders resulting
directly or indirectly from an initial disabling
condition.3–5 There is agreement that preven-
tion of secondary conditions should be a major
component of health promotion for people with
disabilities.3,5 What is known about the preva-
lence of these conditions comes from clinical
studies of patients and convenience samples.6,7

This article reports the first effort to collect data
on population prevalence and impact of com-
mon secondary conditions.

METHODS

Sixteen telephone survey questions about
common secondary conditions were adapted
from an existing instrument8 and were pi-
loted in interviews with 98 adults with dis-


