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EPIGRAPH

If you can't fly, run. If you can’t run, walk. If you can’t walk, crawl, but by allame keep

moving.

Dr. Martin Luther King, Jr.
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ABSTRACT OF THE DISSERTATION

Outcomes of a Multilevel Walking Intervention for
Older Adults Living in Retirement Communities
by
Dori E. Rosenberg

Doctor of Philosophy in Clinical Psychology

University of California, San Diego, 2010
San Diego State University, 2010

Professor James F. Sallis, Chair
Professor Karen J. Calfas, Co-Chair

Increased walking among facility-dwelling older adults, who are very w@ld, &nd have
low physical activity, could have substantial health benefits. Muéi approaches to improving
physical activity, based on Ecological Models and Social Cognitive Theosy,rta been tested
in this population but hold promise for improved effects.

This study aimed to investigate the feasibility and outcomes of a 3-mumdhaed,
multilevel walking intervention, compared to a standard walking intéiae, among older adults
in retirement communities. Participants in the enhanced intervention werefhypothesized to
have improved outcomes compared to those in the standard intervention.

Data were collected at baseline (N = 87) and post-interventiong® from residents in

4 retirement facilities. Sites were quasi-randomized to condition (N @2t condition).

Xii



Standard intervention components included pedometers, printed materidiayeakly group
sessions; those in the enhanced intervention also received individusklgipleene counseling
and environmental awareness components. Measures included activity refedetesu
(pedometers, sedentary behavior, activities of daily living, on and offvalténg, satisfaction
with walking opportunities, neighborhood barriers), physical function, mentahlmatomes
(quality of life, depression), study satisfaction, and adherence to study cortyoobata were
analyzed using analysis of covariance (ANCOVA) for between groupetiifes and repeated
measures ANCOVA for pre-post test changes.

None of the outcomes were significantly different between walkingvegréon
conditions except for neighborhood barriers. Standard intervention partidiaaissgnificantly
fewer neighborhood barriers post-intervention compared to the enhancednitibergeoup.
Significant improvements from baseline to post-intervention occurred atherigtal sample for
step counts, neighborhood barriers, walking up stairs, walking off-site, asfdctain with
walking opportunities but significance disappeared after adjustmerdvariates. Study
satisfaction and adherence was high for both groups.

The results of this study suggest that two different types of walkiagventions are
feasible to conduct and result in improved step counts among facilitysuyvallder adults. The
most change occurred for environment-related variables. Findingsssulggt the context of
walking is important for older adults residing in retirement facdiaed should be targeted in
future interventions. Future studies can build on this novel multil@pebach to improving

walking among very old adults.
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Introduction

In 2003 there were 36 million individuals over the age of 65 in the U.S. and this number
is expected to increase to 87 million by 2050 (Federal Interagency Forum onRajatgd
Statistics [FIFARS], 2004). Older adults face many health challengeswégbt and obesity
has increased among 65 — 74 year olds, growing from 57% overweight in 1976-80 to 73% in
1999-2002 and from 18% obese to 36%. Large numbers of older adults are afflicted ly chron
disease including heart disease, hypertension, cancer, diabetes, COPDréaisdBIFARS,

2004). Another health concern is the increase in depression found among older adult
Depressive symptoms increase from 13% between ages 65-69 to 20% for thossegalftive

A study at assisted living facilities found depressive symptoms agw¥gof respondents (Ball
et al., 2000).

Regular physical activity has several health benefits inclygliegenting and treating
chronic conditions such as cardiovascular disease, hypertension, tighet2s|, osteoporosis,
pain, some cancers, constipation, chronic obstructive pulmonary dise&sehdligsterol, and
obesity (Nelson et al., 2007; U.S. Department of Health and Human Services HE;996;
USDHHS, 2000). Physical activity helps keep healthy older adults living indep#ly and is
associated with recovery from functional limitations in older age ethaced risk of falls
(Agency for Healthcare Research & Quality [AHRQ], 2006; Lee & Park, 2006)sidzthy
activity is associated with improved quality of life and lower lged depression and anxiety
(Nelson et al., 2007; Strawbridge et al., 2002).

There is evidence that age-related declines in health and functioaingtanevitable
as many of these conditions can be prevented, reversed, or treated antedomittoregular
physical activity (Bellew, Symons, & Vandervoort, 2005; Taylor et al., 2003). t#ywe
reported physical activity levels decrease throughout older adulthood. In 2005, onty 45%

men and 36% of women over age 65 met physical activity recommendations hational



(engaging in moderate activities 5 times per week for at least 30 sinn@orous activities 3
days per week for at least 20 minutes) (Centers for Disease CordrBlevention [CDC],
2007). About 30% of men over age 70 are inactive while nearly 40% of women ovér age
inactive (CDC, 2004). Recent data with objective monitoring indicatetia®2.5% of adults
over age 60 meet physical activity recommendations (Troiano et al., 2008).

The public health impact of improving physical activity in the older adult pdipul,
even if physical activity stays below recommendations, could be signifiesvnowski &
Evans, 2001). It is therefore important to identify population based intervetdionsease
physical activity which can be implemented and sustained in communitygsefecent
studies have found that home and center-based exercise programs are quenvemtions
with older adults (van der Bij, Laurent, & Wensing, 2002; King, 2001). Howeveg ithatso
evidence that exercise in outdoor environments is beneficial (Frumkin, 20D 1h)a walking
in particular is important for older adults. Walking is inexpensive, earesas a form of
transportation, can be done easily, and has low risk of injury (Cunninghamr&a&li004;
U.S. Department of Transportation, 2004; Belza et al., 2004; Wong et al., 2003). Ellen sm
amounts of walking can protect against loss of mobility (Simonsick &0#15). To improve
walking levels among older adults, interventions need to occur in placeslafger@aumbers of
seniors reside.

Older Adults Living in Continuing Care Retirement Communities

Continuing Care Retirement Communities (CCRCs) are settings foraaldés that
offer a continuum of care including independent living and at least one yleesftcare:
assisted-living, skilled nursing, or both (Joseph et al., 2005; Joseph & Zimrd), 2@\ssisted
Living Facilities (ALFs) promote independence for the older adult populdéty offering a

dwelling place in-between independent living and skilled nursing homes (MihaikccKley,



2003; Pruchno & Rose, 2000). While there has been a 22% increase in skilled nuriieg faci
between 1991 and 1999, there has been a 50% increase in ALFs (Mihalko & Wickley, 2003)

There are approximately 2,600 CCRCs in the U.S. The average age of those in
independent living is 83 in comparison to 87 for those in assisted-limmhgldlled nursing
(AAHSA, 2005; Joseph et al., 2005). About 69% of CCRCs are in urban areas whiggel 2%
in suburban localities. Females constitute about 72% of residenBRECE To enter a CCRC,
a contract is signed specifying the type of housing and services thiéwilovided; most
contracts provide lifetime care. There is often an entrance fee and ongwitlgy fees which
range from moderate to expensive.

Older adults in ALFs and CCRCs have rarely been the focus of phydiedlac
interventions, yet they are important settings to consider. Theeaddehce available suggests
that individuals living in such facilities are relatively inaet more frail, and perform worse on
measures of physical functioning compared to community-dwelling peerslkbli@aVickley,
2003; Kang et al., 2004). Frail older adults can benefit from exerciseenteEms via
improved muscle mass, better cardiovascular fitness, and improved boitg \dhith
enhances mobility and functional independence (Heath & Stuart, 2002). Exertiaklso serve
as a treatment for frail elders who already have chronic illn@sgh(S2004). While many
ALFs offer activity programs, they are often understaffed and not neibgsgemsigned to
improve or maintain physical functioning (e.g. arts and crafts) (Mihalkoiékh¥, 2003).

One study conducted a survey among 400 non-profit CCRCs and found that on average only
43% of independent living residents are regularly active (Joseph 2005). Another study in
ALFs found that only 25% of facilities in one region of the U.S. had exercigenegpt and

only 24% had supervised walking programs (Mihalko & Wickley, 2003). In that,skdy
directors were willing to partner with researchers to promote eraxai®ng residents, but

effective programs that could be easily maintained were not avail@hkauthors suggested a



need for innovative programs that take account of site environment arldchacateristics,
not just the characteristics of individual residents, to encouragephgstivity in ALFs.
ALFs and CCRCs are an excellent naturally occurring community settirggpplying
approaches, such as the model described next, which could produce a supstalitinkalth
benefit among older adults.

Theoretical Bases Guiding the Intervention

Two models of behavior change guided design of the intervention: exailogdels
and social cognitive theory. These models represent a contemporary hppetadiows for
targeting a specific population located in specific places. The Ecoldfickdl (EM) can be
viewed as a framework for intervention design while Social Cognitheoily (SCT) posits use
of specific constructs which can be used to change behavior. SCT processested within
an EM framework.

Ecological models (EM) emphasize the dynamic interaction among biological,
psychological, behavioral, social, and environmental factors (SatarianoA&lky, 2003).
Some versions of the model contain 5 levels of influence--individuatpetsonal,
institutional, community, and public policy (Glanz, Rimmer, & Su, 2005; Sallis et al.,.1998)
However, for the current study, a condensed version of the EM consistingvefl8 of
influence were utilized--the individual, interpersonal, and communitgrfgbmation of the
institutional, community, and public policy levels from the original model). The mode
proposes that change at one level relies on characteristics ofestbisr IThe 3 levels of
influence on walking behavior are described in Table 1. Each lewadasiated with the key
factors. Examples of issues specific to the behavior setting of C&fRCescribed. The final
column describes potentially relevant intervention components that cagecimediators at

each level of influence.



Table 1

Multilevel model to promote walking among seniors in CCRCs

Level of Main Factors CCRC setting specific Relevant Intervention

Influence issues Components

Individual Psychological Health and mental statusIndividual tailoring
(attitudes, knowledge, of residents Teaching self-
beliefs), behavioral, Barriers to walking management strategies
biological (genetics, Benefits of walking Educational materials
personality Motivation Tools for self-
characteristics) factors Self-efficacy monitoring

Inter- Interpersonal Support from on-site Encouraging social

personal  processes and groups friends, staff members, support
including family, physicians to be active Group support

friends, peers, and Social atmosphere that Encouraging group
community networks promotes or discourages activity

Social support activity Site staff involvement
Social norms Support from outside Peer mentoring
family members or Physician advice and
friends encouragement
Having a spouse who is
active
Commun- Perceptions of and Perceptions of Changing perceptions
ity actual neighborhood, availability of places and of the built
site, and building facilities for walking environment
Physical  design and safety Actual availability of Making changes to the
environ- physical activity physical environment
ment facilities on-site Prompts to be active
Access to stairs versus such as maps to educate
elevators on-site about good places to
Off-site local area walk, signhage to

conducive to walking encourage activity
with destinations (parks,
shops, exercise facilities)

Policy Rules, regulations, Policies that promote Encouraging resident
environ-  and laws that promote field trips to places advocacy to change
ment active physical and  where activity can be existing policies
supportive social done Review and feedback
environments Other CCRC policies of existing policies with
that promote or staff
discourage activity Support from

Policies regulating how community
CCRCs are to be built  organizations

Note The Individual, interpersonal, and physical environment level are thedbthues current
study. CCRC = continuing care retirement facility.



The individual level of influence consists of the psychological, behaviordl, a
biological factors that occur within a person. Some of these factotsecehanged, such as
knowledge and attitudes, while others are invariable (genetics, péstnaats). For
individuals living in CCRCs, particularly relevant individual level infiaes include their
physical and mental health status, benefits and barriers to walkingffeeltye and motivation
to improve walking.

The interpersonal level of influence includes processes that ocewgdrean individual
and the social systems they interact with such as family, friendpeansl. It also includes
community networks and cultural and social norms. The support, or lack of supgartbygi
these social systems can directly (e.g. having a workout buddy) or ind{egtlypeing around
others who are active and good models of this behavior) influence an indiviattality level.
Within CCRCs, there are social norms dictated by other residents #ndestzbers regarding
the role of being physically active. A spouse who promotes or encouragéy aetivbe
important as well. Physicians can provide influential advice and ergmoueat for physical
activity.

At the community level of influence, there are two sub-levels dfiémite: the physical
environment and policy environment. The physical environment charactesfsticommunity
encourage or discourage activity of individuals living there. Envirorsheharacteristics
include neighborhood, site, and building design as well as safety and asstBeiit
environment characteristics can shape behavior directly or indikggtperceptions; thus such
characteristics can be measured objectively or through individuategiegns. Within
CCRCs, availability of places and facilities for walking, ac¢esgairs, on-site hills, and
having nearby walking destinations, are all important. At the policy envimariseel, rules,

regulations and laws can promote activity via the regulations of howbwigoods can be



designed or determining school policies related to physical education ani@mutvitithin
CCRCs, policies and regulations affect activity-relevant eseels as availability of shuttles for
active pursuits, hiring of dedicated staff for physical activities, dilidation of on-site spaces
(e.g. more space allotted to parking versus outdoor spaces for actigitfenance of
facilities).

As evidenced in the multilevel ecological model, a unique contribution ofiEMsir
focus on environmental factors in health behavior change as many modelsretecen
individual and interpersonal factors (Sallis & Owen, 2002). Within theipalyenvironment
level of the EM, behavior settings are the places where behaviors sudias CCRCs, and
interventions can be targeted to these settings. Multilevel intesmsritased on EMs have
been effective in targeting health behaviors including tobacco c¢8tiis & Owen, 2002).
While few interventions based on EMs have focused on physical actiags-sectional
evidence for the relationship between the built environment and physiedlyastbuilding.
The goal of multilevel interventions for physical activity is to promoteeased lifestyle
activity in addition to structured leisure-time activities. Egwample, when individuals live in
places where they can walk rather than drive to useful destinations §ssicines or parks) or
where they have attractive stairwells to use each day, small anob@xtsa activity are added
into the day. These lifestyle activities can improve health (Dunn et al.,, 128%yith
environments being built to promote reliance on automated devices, lifestiyligy is not a
daily part of many people’s routines.

Social Cognitive Theory (SCT) is an empirically validated and widséd theory of
behavior change. Reciprocal determinism is a key tenet whereby perstora (ancluding
cognitions), environmental influences, and behavior all interact andnicftugne another
(Satariano & McAuley, 2003; Baranowski, Perry, & Parcel, 2002). Importantraotsst

include a person’s confidence to perform a behavior (self-efficacypelies that performing a



behavior will result in valued outcomes (outcome expectations), being abMertmme
difficulties in performing the behavior, and the ability to self-regutashavior (via decision
making, self-monitoring, goal setting, problem solving, and self-rewards)r(®asi et al.,
2002). The social environment provides additional important modeling and suppourancti

Researchers have called for better integration of individual mvicbemental factors in
physical activity interventions (Mihalko & Wickley, 2003; Satariano &Witey, 2003). The
integration of EMs and SCT has resulted in a multilevel interventiogriési the current
study. The EM provides the basic structure of the approach, and spedifickhities a focus
on the built environment, while SCT provides specific strategies thdieased particularly
within the individual and interpersonal levels of influence. In the nustidy, 3 main levels of
influence provide the underpinnings of the intervention: individual, iategmal, and physical
environmental. Background on each of these areas is briefly reviewed next
Interventions Targeted at the Individual Level

Previous research on interventions at the individual level focusedamtaof self-
management and regulation strategies based on the individual's chstiastePrevious
research demonstrated that the use of self-management strategiegprove physical activity
levels. Such strategies provided participants with tools for behavaagehimproved
motivation, and increased self-efficacy (Conn et al., 2003; King, 2001).

An expert panel on behalf of the American College of Sports Medicine sumachar
effective components of physical activity programs for older adultss@st al., 2004; Cress et
al., 2005). Important strategies were: social support from family, fremrds, and
professionals; self-efficacy improvement; tailored programs withcelsdor whether to do
group or an individual activity program, health contracts, safety educaglbmanitoring,

feedback on performance, and positive reinforcement. The panel statednfyasuch



techniques with a lifestyle activity approach may help improve maintenaf physical
activity.

Many programs have tailored self-management strategies to pantipeeferences
and motivational readiness to change. Brawley et al. (2003) recommendaid pheticipants
should be assessed for their readiness and motivation to change. Based ossreadiage of
change, the most helpful strategies for that person can be taught. Commdrdjraiegies
have included goal-setting, self-monitoring, improving social support,ginavfeedback,
rewards, positive self-talk, problem-solving, improving self-efficand relapse prevention
(Brawley et al., 2003). Such interventions have been delivered individuallyup gettings,
by mail, phone, other media, or in person (Kahn et al., 2002).

The Task Force on Community Preventive Services report strongly mesased
individually adapted behavior change programs for increasing physindtya@é€ahn et al.,
2002). The group reviewed 18 studies and found that effective programs taugiiatha
skills including goal-setting and self-monitoring, improving social supgelf-rewards and
positive self-talk, problem solving, and relapse prevention. The intesaswere delivered
individually, in group settings, by mail, telephone, or other media. TheHask found that
the median net increase in physical activity was 35.4%. A review ofgahysitivity
interventions for older adults (Conn, 2003) found that interventions thaidodlized content,
via computer generated information or personalized exercise recommesgdatiomoved
activity levels more than control groups. Indeed, a recent study foundakatipg a 30
minute individually tailored feedback session with older adults in indemeitiging
communities improved participation in a physical activity session (kbh&Vickley, &
Sharpe, 2006).

Tailored interventions have been effectively delivered via telepaomag older

adults. While face-to-face interventions may be considered thenkasis for improving
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physical activity, they are expensive (Pinto, 2002). Additionally, partitgare not always
able to come into research or medical offices to meet face-to-fade tiee barriers or living

in remote areas. In order to develop convenient and cost effectiveeimtiens, researchers
have sought to develop phone based counseling systems. Telephone based counseling
interventions have usually started with an introductory face-torfeaeding for the purposes of
providing a tailored exercise recommendation, setting short and long telsnagahgiving
informational materials with resources (Castro & King, 2002). Telepbased counseling has
then proceeded with contacts often tapering over the course of the intarfeanth as from
weekly to biweekly and monthly).

In a review of telephone based counseling for physical activity (Cadtiog 2002),
researchers identified several studies with positive outcomesngtiphone based programs.
The reviewers noted that telephone counseling appears most important dugimdnases of
improving physical activity levels while it can be maintained througé-istense means such
as with print materials. In a recent review of interventions speltyfieaigeting walking,
researchers concluded that all three randomized walking trialsréel via phone or internet
led to significant increases in walking (Ogilvie et al., 2007).

Several studies have demonstrated the effectiveness of usingteepid tailored
self-management strategies among older adults (Stewart 20@1; Hooker et al., 2005, Kolt
et al., 2007). In the Community Healthy Activities Model Program for SenidtiaR@PS)
study, telephone support combined with a personal planning session, group workshops,
newsletters, and activity logs were effectively used to incrglagsical activity among older
adults (Stewart et al., 2001). Individual preferences and readine$safayecwere utilized to
tailor the program. The intervention group had significant increases iicahgstivity after 1
year compared to the control group. Lifestyle activities were engedirand correspondingly,

the most common activities after the intervention were walkinglegémg, stretching and
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flexibility exercises, and housework. A group of researchers appliedHA&ES model on a
larger scale and found increases in physical activity as well thayglovement was best for
those with lower baseline physical activity levels (Hooker et ab5R0In the Telewalk
program, levels of physical activity were increased in older adsitg) a telephone tailored
behavior change program (Kolt et al., 2007).

Tailoring self-management strategies to individual charadtarisave been shown as
important components to physical activity interventions for oldatte. Conducting
individualized assistance via the telephone appears to be an effgcsitegy even among older
adults. However, no known studies have evaluated the use of telephone cowviielohder
adults living in CCRCs and ALFs.

Social and Group Support

Social support can be from family members, friends, health educatots, teral
providers, or trainers (Resnick et al., 2002; Cress et al., 2004). Such indiiaudls used for
verbal reinforcement, encouragement, and/or to assist in evalusipgison’s ability to
change their physical activity. Social support also includes finding soneexercise with or
attending a class with others working on similar goals (Resnick e0@R).2 Social support can
occur in many settings, in an exercise class or group, at home, or in healtimoasdrom
nurses, physicians, or health educators. The Task Force on Community PeeSentices
determined there is strong evidence for social support interventioommmunity settings to
increase physical activity (Kahn et al., 2002). The Task Forcenedi8 studies that focused
on improving physical activity through “building, strengthening, and maintainiriglsoc
networks that provide supportive relationships for behavior chakgdin(et al., 2002).
Participants in reviewed studies were encouraged to createauial contacts or to use existing
social contact. Participants were encouraged to use a buddy systencteutitraomeone else

to do a certain amount of physical activity, start walking groups, or patédipgroups that
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provide support while doing physical activity. The review calculatedstit interventions
increased physical activity by a median net increase of 19.6% (Kahn2202). The settings
for such interventions included community centers, churches, worksites, andsiti@s.
Several other reviews have also noted the importance of social suppope(36@3, King et
al., 1998).

Research among older adults underscores the importance of social suppproving
physical activity. Resnick et al. (2002) note that older adults may hss/edeial support from
family members (due to death of spouses and/or not having other famibynaad may
particularly benefit from the social support in structured PA ctas$bere is evidence that
social support and encouragement are correlated with physicalyefdivitider adults (King,
2001; Booth et al., 2000; Resnick et al., 2002). However, few studies have comparedal physi
activity intervention only targeting social support in order to isolateffectiveness
experimentally. Several studies among older adults have been able tnesttaamrole social
support plays in studies of physical activity.

One study examined social support among 74 older adults in a CCRC (Resnick et al
2002). Results showed that support from a friend influenced exercisedrehdirectly via
self-efficacy. No other type of social support (i.e. support from faomigxperts) was related
to exercise. The authors concluded that friend support may be most impsrtamily
members may be fearful to recommend exercise to older relativess@rirey hurt themselves
or fall). Additionally, the authors suggested that health care provideesnot provided
enough support to older adults to exercise or interactions with health ogideps are not
frequent or intensive enough to change physical activity (Resnick 20aP).

Another study suggested that, among 50 to 65 year olds, social support from both
family and friends was associated with exercise adherence (Oka & King, i985jifferent

study, the mechanisms for increasing exercise behavior were examinedr{[BuMcAuley,
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1993). Analyses revealed that social support had indirect effeckemise adherence
operating through improved self-efficacy. The results suggested thatsguport improves
ones self-efficacy to be more active. However, one study showed that appaitsvas not a
mediator of exercise adherence in healthy, sedentary older adultdri{gi@set al., 2002).

The studies among older adults suggest that the role of social suppgstoving
physical activity is not straightforward and there is mixed evidesgarding what types of
social support are most important. There are few studies that exthmisigecific role social
support plays in physical activity interventions among older adults. theless, nearly all
reviews of physical activity interventions in the general populatioonnetend social support as
a component.
The Built Environment

Many exercise interventions focus on individual behavior change withoutieang
barriers in the environment that may make activity difficult. Yetrdhs increasing evidence
that the built environment is strongly related to walking in adults (Cunninghistichael,
2004). Older adults may be particularly dependent on their environments atettemtdi
environments they utilize diminish and the local home area becomes the ntakt (Gtass &
Balfour, 2003). Thus, resources available within the immediate enwaéranmcluding social
networks and services, become more important.

Reviews on relationships between the built environment and physicélyactiv

There have been several reviews of built environment charactetisticare associated
with physical activity (Humpel et al., 2002, Sallis et al., 1998, Owen et al., 200i8;&H&lerr,
2006; Saelens & Handy, 2008). Most recently, a review of previous reviews egamine
relationships between walking and the built environment (Saelens & Handy, Z008)
authors concluded that associations have been found between walking antifiyctss

destinations, mixed land use, density, aesthetics, street connectivitytripadafastructure
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(e.g. sidewalks), safety, and walkability. The authors also separatetwed more recent
literature and found that density, distance to non-residential destisnaind land use mix were
related to transportation walking. Mixed results were found for stometectivity, access to
parks and open space, and safety. There were fewer results for ceateatilking but there
was some evidence for associations with aesthetics, pedestriatrucitas, safety, and land
use mix.

Owen et al. focused on environmental characteristics associatedffeitard types of
walking (recreational/exercise, to get to/from places, and totalivgal The authors reviewed
18 studies. Characteristics associated with recreational and exeatisng included
aesthetics, convenience of facilities, and traffic. Walking to gebto/places was associated
with having access to beaches and public open space and traffic. alkiabwvas associated
with convenience of specific types of facilities and aesthetics. Anotiiew found that,
among adults, the most important environmental characteristicstifdtyawere access to
places, aesthetically pleasant places, and convenient exercise$asilth as bike paths,
footpaths, and swimming pools (Humpel et al., 2002).

One review specifically focused on the association between builbamént
characteristics and physical activity among older adults (Cunningham Baklic2004).
However, the researchers were only able to isolate 6 studies sgbcdiscussing older adults
and thus expanded their review to studies that included adults. Twentysted®s were
reviewed and built environment variables consistently correlated witticghgstivity included
safety and aesthetics. Less consistent results were observed farienoedo facilities and
design elements such as presence of sidewalks. A more recent review\ioemte for
positive relationships between active transportation and walkadildyactive recreation or

total physical activity and walkability and access to recreatiaiitias such as parks (Sallis &
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Kerr, 2006). The reviewers noted that older adults have been studiedstheith regard to the
impact of the built environment on physical activity.

Studies addressing the built environment & physical activity among older adults.

Several studies have attempted to further elucidate relationskipeemebuilt
environment variables and physical activity among older adults. Wallasgsignificantly
lower among those reporting at least one environmental barrier compdhede reporting
none though overall physical activity levels did not significantly difieszne study (Dawson et
al., 2007). Results from another study suggested that living in urban environsimetdsed to
using more services within 1mile of home and walking for more reasons$Bait2004).
Other studies found that older adults living in more walkable neighborhoodgezhmn more
physical activity (Berke et al., 2007; King et al., 2003; King et al., 2005). Wonarage 50
were more active when they reported more pleasant scenery and rabiaggltiborhoods
(compared to mixed-use neighborhoods) (Sallis, King, Sirard, & Albright, 2007).

Few researchers have used objective measures of the built enviraoregamine
associations with physical activity and walking, but one group of researfclmd that density
of places for employment, household density, more street intersectiorstiatal facilities
and access to areas of green and open space, and more access to rétaetitiesavere
related to walking (Li et al., 2005).

Walking has been related to access to recreation facilities akslgswell (Li et al.,
2005; Booth et al., 2000; Chad et al., 2005; King et al., 2003). Access to public transportation
is imperative for promoting activity and independence in neighborhoods andemalzted to
activity among older adults (Lockett, 2005; Michael et al., 2006). Having puaibrooms
and water fountains have been associated with walking in the local aseg aftder adults
(Lockett, 2005) though other studies have not shown relationships between Ipdgtsrds

levels and water fountains (Chad et al., 2005). Having local serviceiesatiightions have been
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found to be important for providing walking opportunities, places to meet odmersyays to
stay active without a car (Michael et al., 2006). Neighborhood aesthetiairautive features
have also been shown to promote walking among older adults (Michael et al., 2006).

One study examined several built environment characteristics among audter a
ranging from age 50 to 99 (Chad et al., 2005). Higher physical activity leeetsretated to
presence of hills, biking and walking trails, street lights, reicnedacilities (including public
parks, skating rinks, swim pools, golf course, tennis courts), seeing othegsadavity,
unattended dogs, and absence of benches. However, there were no relationstifsr f
crime, traffic, sidewalks, and aesthetics.

The role of safety in physical activity.

While safety has not been consistently related to physical activigviews of the
adult literature, safety is likely an important consideration for oldeits (Loukaitou-Sideris,
2006). Poor roadway and sidewalk conditions and traffic hazards are imponteaiking
safety for older adults who are particularly at risk of falls (LotakaSideris, 2006). A number
of studies have shown that safety is related to walking and physicatya@thong older adults
(Li et al., 2005, Dawson et al., 2007). Older adults feel unsafe walking in dthagtw
adequate traffic calming and pedestrian infrastructures; roads withrhtf&yare not appealing
walking areas (Michael et al., 2006). Studies have shown that having fodtzdathe safe and
in good condition is related to walking among older adults (Booth et al., 2000). A study
focusing on neighborhood characteristics and walking showed that common bagresatety
concerns, broken pavement, and traffic (Dawson et al., 2007).

Other studies have shown that there are several traffic-relatacdsadentified by
older adults including lack of enough time to cross intersections, poor Wsihilid lack of
pedestrian crosswalks (Michael et al., 2006; Lockett, 2005). Addityomasicked sidewalks,

uneven surfaces, and absence of sidewalks prevented the older aduitgafking in their
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local area. Roads with sidewalks in good condition and buffers between trandosidewalk
have helped encourage walking (Michael et al., 2006; Dawson et al., 2007 pf Eeae,
injury from traffic accidents, and being bitten by unattended dogs may kaiepsseside and
less likely to be active in their neighborhood (Loukaitou-Sideris, 2K et al., 1998).
Additionally, statistics illustrate that the elderly are one of igkdst-risk groups for being
injured by automobiles while walking (Loukaitou-Sideris, 2006). Thus,\safetcerns while
walking and doing exercise cannot be ignored in interventions seeking targutivity
levels among older adults.

Evidence is beginning to suggest important relationships between pnesatia and
disability processes and the built environment. The built environment hasxaerimed for its
role in the “disablement process” particularly among older adultskgC& George, 2005).
The built environment can impact the process that occurs on the pathway$easedor injury
to functional limitations and then to disability. A group of researchersierd the pathway
from functional limitations to disability and found that those living earwith less land-use
mixtures and functional limitations performed worse on measures of irgitahactivities of
daily living (Clarke & George, 2005).

One group of researchers found that older adults reporting more than glibaréood
problems had twice the risk of losing physical function (Balfour & Kaplan, 200@)st
relevant neighborhood characteristics to loss of function were exeessse, inadequate
lighting, traffic, and limited public transportation. Loss of functionfipalarly in the lower
extremity, may be due to lower activity levels due to having more neigbddproblems and
more difficulties navigating the area with limited mobility. The resaftanother study
suggested that participants with severe and moderate mobilitytiomiteave more barriers in
their environment that keep them from exercising and are less likelgdd re environment

barriers than those with no mobility limitations (Rasinaho et al., 2006%. stidy suggested
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that exercise levels of those with mobility limitations are padityaffected by environmental
barriers. Another study found that the quality of the physical environmemtgspaces for
walks, tree-lined streets, more sunlight, and less noise) was positbagigiated with survival
after adjustment for demographic factors (Takano, Nakamura, & Wata2G{(1d).

Built environment interventions to promote physical activity.

Making changes to the built environment is expensive and difficult to study in an
experimental design. There have been evaluations of changes to the bulreswirthat
support their efficacy. Some studies have shown that building a new tradisadrphysical
activity (Brownson et al., 2000, Merom et al., 2003). There is also evidengedbetms such
as Safe Routes to School, which improves pedestrian infrastructbrassitlewalks, traffic
lights, and crossing improvements, can improve biking and walking to schah@et al.,
2004). Using environmental prompts, such as to encourage stair use, haveegffectiieased
use of such facilities (Kerr, Eves, & Carroll, 2001).

Researchers are beginning to examine adding environmental resourcbgidoally
tailored interventions, such as providing lists of physical activitjiias and places to be
active (Jilcott et al., 2007; Miller & Miller, 2003). The purpose of suctensls is to change
individuals’ perceptions of their environment as being supportive of physinatya(Jilcott et
al., 2007). A study among college students found that individuals who were a@fweanearby
walking trail were more likely to use it (Reed & Wilson, 2006). Adding maps tdigig
places to walk and be more active in one’s community has seldom been usex/éntidns.
One study used targeted walking route maps, in addition to materials acdlaoryito
effectively increase the number of children walking to school in a gxasirimental study
(McKee, Mutrie, Crawford, & Green, 2006). Another study provided physician etgand
a walking map highlighting recreational facilities within 2 mileshaf physician’s office to

improve physical activity among adults (Reed et al., 2008).
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Relationship between built environment and quality of life in older adults.

Quality of life in regard to aging individuals has been defined as “thesects of one’s
living situation that make individuals feel better, function better onlg lbasis, and live
independently” (Fisher & Li, 2004). Three main components to quality of life heme
proposed: “freedom from disease, engagement with life, and physical and coemtatence”
(Spirduso & Cronin, 2001). This definition describes the importance, then, of aimgide
quality of life in any intervention aimed at promoting healthy aging. Healated quality of
life has been posited to consist of two main elements, functioning (physiaaitjiwegand
social) and well-being (perceptions of health, emotional function, and sekupii8pirduso &
Cronin, 2001). This illustrates that, in contrast to physical health, helatedeuality of life is
half based on one’s perceptions, which varies widely among individuals. Being ousdoors
associated with benefits from being active outside, being exposed to e#&urahts, and
social interaction with others in the outdoors (Sugiyama & Thompson, 2005).sgmrdéngly,
individuals with more environmental support for outdoor activities have highels of quality
of life and well-being (Sugiyama & Thompson, 2005).

One study explicitly aimed to improve quality of life by employing a 6 month
neighborhood-level walking intervention among older adults (Fisher & Li, 20@djticipants
engaged in leader-led walks 3 times per week for 6 months lasting one hour figehadim up
and cool down exercises and the walk). Results indicated that pantiscipahe intervention
condition had increases on measures of quality of life compared to conticppats.

Little research has examined how the built environment may have effectntal m
well-being. An inverse relationship between physical activity and depndsas been
established (Palmer, 2005; Barbour & Blumenthal, 2005; Dunn et al., 2005; Bross2@22jl.
More walkable neighborhoods are thought to promote more physical activity andatyiesach

to less depressive symptoms. The few studies that exist have shomotbatalkable areas
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(Berke, 2007), less neighborhood poverty, and living in areas with more older adults
(Kubzansky et al., 2005) were related to fewer depressive symptoms in sonegipopul

These studies suggest additional potential mental health benefits dap glldié and
depression of living in a walkable area for older adults. Reseatwnsuggested this may be
via greater social connectedness and social support although thetestal that more
depressed individuals chose to live in less walkable communitiese(Begt., 2007).

Environments of CCRCs.

Few studies have examined the activity environments of CCRCs andfst Albseph
and Zimring (2007) explored relationships between walking and environment ehiatast
among older adults living in CCRCs. The use of paths for both recreatiahatfiletarian
walking was examined among 114 residents located in 3 different CCRCsritaAGA.
Recreational walking was related to use of outdoor and longer paths than indoorrgerd sho
paths. However, many older adults used indoor corridors for walking espéatiaktlement
weather. Residents used paths without stairs more than those withretairgldy connected
paths were more likely to be used. Paths with more aesthetically pleasimgry were used
more for recreational walking at some sites. Path segments withadiests related to activity,
administration, or residences were more used for utilitarian mgalkiMore connected paths
with central locations were also more used (Joseph and Zimring, 2007).tullyis s
demonstrates how the environment of a CCRC mimics that of a neighborhood anédtas dir
and indirect effects on the physical activity levels of residents.

In another study, administrators from 400 CCRCs across the U.S. completed surveys
about indoor and outdoor physical activity resources and resident (@rtioipy physical
activity (Joseph et al., 2005). Results showed that independent lividgmssivalked more

when CCRCs had walking paths, gardens, or outdoor lawn bowling areas. CCRCs with
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multipurpose activity rooms had more residents that participated in erd#baving more
indoor facilities was associated with more participation in swimmgveater aerobics.

Built environment conclusions.

Overall, among older adults, safe footpaths for walking, access todoidi€'s and
parks, adequate lighting, enjoyable scenery, more walkable neighborhoodsyiagd ha
sidewalks have been positively associated with physical activity and ahfysiction.
Excessive noise, unattended dogs, and heavy traffic have been noted as envirdramensl
(Cunningham & Michael, 2004; Balfour & Kaplan, 2002; Patterson & Chapman, 2004;&allis
Kerr, 2006). The environment has also been related to the disablemens;pimdestance,
older adults with less physical function are less able to perform irsttafrdaily activities
when living in neighborhoods with limited land use mixtures (i.e. suburban se(iCigeke &
George, 2005).

There tends to be a natural decline in physical activity with aging @it atlults living
in neighborhoods with safe walking environments with access to recreatibiiefs show less
decreases in walking relative to other older adults (Li, Fisher, & Bsowr2005). It is
therefore imperative to address the nearby environment concerns gldesilguals may have
as they are often more dependent than other age groups on having to obtainlserliges
(Patterson, 1978). It may be important to assist older adults in overcomieiypd barriers to
walking in their local neighborhood, but this strategy has not been evaluatedrticular,
addressing these barriers has not been evaluated in older adults in CkiR@ayhave moved
from environments they were familiar with to ones that are quite foreitieho.

Some of the main barriers reported that prevent older adults from walking are
environmental and include uneven and cracked surfaces, having to step ovdesbesta
carrying loads (Lockett, Willis, & Edwards, 2005; Shumway-Cook et al., 2005). \owe

research on built environment correlates of physical activity thaséscon older adults is
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limited. Studies that exist lack a focus on microscale environirfeatares that serve as
barriers to activity for older adults, such as neighborhood street segmerdies &lso tend to
rely on self-reported measures of physical activity.

To date, most studies of the environment have focused on establishimglividuals
walk less in less walkable environments rather than interveaioigange the built environment.
Changes to the built environment are expensive and can take yearssimémipl Moreover,
individuals may not be aware of changes and need to be motivated to try the mewwsent
(Sallis & Owen, 2002). Thus, accurate perceptions of supportive enviroh@bribaites are
important and training individuals to overcome barriers in their envieohmay also alter
perceptions and change behavior even in less than ideal environments. Pesdatshrhas
shown that perceptions (rather than actual existence) of environrfeattaees, such as safety
and having crosswalks, moderate physical activity (King et al., 200@&rvémitions that aim to
improve awareness of environmental features are in their infancy.

Conclusions

Interventions aimed at the individual, interpersonal, and environmevitd ef
influence stem from a multilevel model in which the person and their sougbhysical
environment interact to influence physical activity behavior. A mggal of such a model is to
not only improve leisure time physical activity but to promote walkingréorsportation and
utilitarian purposes. As discussed next, previous research suggestalkivag is a viable and
important activity to focus on increasing among older adults.

Walking Interventions in Older Adults

Interventions to increase physical activity among older adults b&ee & variety of
approaches and focused on many types of physical activity. Physiciyquotdgrams can be
structured, consisting of weekly meetings and exercise sessionstractured, in which

participants do activity at their leisure from home. Structuctiglity programs are effective
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while participants are enrolled in them, but adherence can be low (Tally 2007) and
maintenance of activity may be poor. Brawley et al. (2003) suggest thatlzaseg structured
exercise programs located at centers are the most common physiésl imtéwention for
older adults. Yet, many older adults prefer physical activity prograrhsahae done on their
own (Brawley et al, 2003; King, 2001). Thus, lifestyle approaches to pronamiivity, which
encourage the accumulation of moderate intensity activities sucHkasgwahere and
whenever possible even if in small amounts, may promote improved adherdnce an
maintenance (Dunn et al., 1997). The multilevel model underscores the useydt lifest
approaches.

Promoting walking activity for older adults has many benefits. Walkiadifestyle
activity in that it can be incorporated into daily activities (such askipg the stairs instead of
the elevator or taking a longer walking route to get to the cafeterdone for exercise,
pleasure, or utilitarian purposes. Studies have demonstrated that veallariifestyle activity
has been as effective as structured exercise interventions (Dunn et al., 189%eh et al.,
1999). Walking is also inexpensive, gentle on the body, promotes bone and muscle strength,
can be done alone or with others.

A review of interventions to promote walking (Ogilvie et al., 2007) foundvtfaiting
studies delivered by phone or internet were generally effective eflreggpecific groups (such
as the most motivated or sedentary individuals) and tailoring to inditschesds via one-on-
one counseling or printed materials were the most effective approadieseviewers
concluded that individuals have different preferences and will reféetetitly to the same
approaches. Thus, various techniques to improve walking should be offéredeviewers
also noted that more research on walking interventions that address thevitghment is

needed.
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Few studies have focused specifically on improving walking among oldes adiven
fewer have attempted to use walking interventions that utilize thiegowironment (a few are
mentioned in the built environment section above). One study among adultd@ionechote
walking in rural communities with individually tailored newsletters, sujpjpom providers to
walk and gain additional support, and formation of walking clubs and communiigveats
(Brownson et al., 2005). Compared to an area without the intervention, thoséniving
intervention areas who received adequate doses of the intervention wees &re likely to
meet walking guidelines.

Among older adults, one walking intervention attempted to improve the social
environments for walking through the creation of leader led walking groupsgimboehoods
(Fisher & Li, 2004). The study resulted in significant increases fdimgabehavior among the
intervention group compared to controls. Another study employed a resident-rumgvedlio
in an assisted-living facility (Taylor et al., 2003). The redsansdid not measure walking
behavior, but over the course of 9 weeks participants had improvementsnicebaiait, and
ability to reach.

No known studies have used a multilevel approach for encouraging walkimgam
older adults. In the small feasibility study that preceded the cumesdtigation, walking route
maps of on and off-site areas, along with pedometers and self-monitoring, groummestd
individually tailored counseling, were used to promote walking among aldéisdiving in a
CCRC (Rosenberg et al., in press). Participants significantly irecteasir step counts over
the 2-week intervention period.

Use of Pedometers to Increase Walking

Pedometers have been used to increase walking among older adults. While 10,000

steps a day is the general goal for adults to meet physicalyaotiegmmendations, older adults

may require fewer steps to achieve health gains or maintain healtte i3 Inerconsensus on
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step cut points for older adults but some researchers have invesbtigatissue. Tudor-Locke
& Myers (2001) suggested a more reasonable target would be 6,000 to 8,500thyr didar
adults and 3,500 to 5,500 for older adults with disabilities and/or chronic ilfnes3ther
researchers have suggested that patients with cardiac disease ghivu6j%=00 to 8,500 steps
per day (Ayabe et al., 2008).

A recent review explicitly examined the use of pedometers to incpbgseal activity
and improve health (Bravata et al., 2007). Twenty-six studies erei@yed and evidence of
pedometers for increasing PA was established. An important findindhatastudies requiring
step goals led to increased PA while those that did not had no signifiesots @h PA. Studies
that required participants to keep a self-monitoring log or diary resultdnificant increases
in PA while those without a log did not. Those engaging in pedometer intenghtd
significant decreases in BMI, though this was not related to changetkingyand decreases
in systolic and diastolic blood pressure. While there were no desliedssting serum glucose
or serum lipid levels, the reviewers noted that baseline valuesfaidy normal so such
findings would not be expected. The authors concluded that pedometer inberveati only
can result in increases in walking, but this appears to translateciith benefits. Pedometer
use resulted in an approximately 2000 step per day increase in walking. Rerdaveee also
found effective in a review on walking interventions (Ogilvie et al., 2007 gains were not
sustained into the long term. In a meta-analysis of pedometer-bas&wvpaitlgrams,
pedometers were shown to reduce weight by about 1 kg (Richardson et al., 2008).

Pedometers have been used in walking studies with older adults. Onewstddgted
an unsupervised walking program, using pedometers and self-monitoring, in middle tagelde
adults (Tully et al., 2007). The study resulted in increased walking didtariogervention
compared to control group participants. While walking was still beémommended levels,

health benefits included decreased weight, BMI, waist and hip circumferéntesterol, and
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blood pressure for those walking 3 days per week and waist and hip circurafarehblood
pressure decreased in those who walked 5 days per week. Functional caypaoNgd in both
intervention groups. No health changes were observed in the control group. aheherse
concluded that an unstructured walking program can promote improvementsity stels
and health benefits even if below recommendations.

Other programs with pedometers among older adults have resulted asawstep
counts at follow up using group based education (Sarkisian et al., 2007), pedomgters onl
(Engel & Lindner, 2006), and behavioral strategies such as self-monitoring@alrsktting
(Croteau et al., 2007; Tudor-Locke et al., 2004). Some studies haveveffeated
pedometers in clinical populations such as older adults with diabetésr{Locke et al., 2004)
or arthritis (Talbot et al., 2003). Other pedometer interventions have moefbeetive in
improving activity levels among older adults (Croteau, Richeson, Vé&denes, 2004).
Walking Intervention Conclusions

Walking has been underutilized as a target in physical activity erteons. Walking
can improve health (Tully et al., 2007), most older adults prefer agsiatich as walking that
can be done on their own or with others, and it is one of the most accessitgeof physical
activity. Of the walking interventions that have been done, few hayetearthe built
environment. Practical tools, such as pedometers, exist that are améasgxpensive way to
track walking. However, not all studies have been effective in improvirgjgaiactivity even
using pedometers.

Rationale for the Current Study

Few investigations have sought to promote one simple activity such asgvafitom
the evidence available, many older adults prefer exercise that gemfbamed on their own
and incorporated into their lifestyle (Brawley et al, 2003; King, 2001ditronally, few

walking interventions have occurred in CCRCs where residents areufatti susceptible to
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their physical and social environments. Few published interventions usetlevaludpproach
including an environmental component geared towards changing walking among oldemadult
addition to proven individual level approaches such as individual tailoeaghing self-
management strategies, encouraging social support, and using pedometers.

Innovative interventions among older adults are needed as curren¢imiens have
had limited effectiveness, adherence, and maintenance of physical/g&aiwley et al.,
2003). In the most recent review of physical activity interventions amongauldés, Conn et
al. (2004) suggested that a large number of studies reviewed were ndteffebelping older
adults improve their activity levels. The researchers recommehdeddw interventions that
combine theoretical frameworks could improve findings. The reviewergigypl
recommended multilevel approaches. The researchers also noted tohtifeweviewed
studies focused on walking even though walking is one of the most acceptdldemmon
forms of activity for older adults. The current study aims to fill theps.ga
Purpose of the Current Study

The aim of this pilot study was to test the feasibility and outcomes of deveilt
walking intervention among facility-dwelling older adults. To accomplighdbjective, a
standard walking intervention (consisting of printed educational rakstegroup sessions and
pedometers) was compared to an enhanced, multilevel walking interventioist{ogre the
standard intervention plus individually tailored counseling and sitefspealking route maps)
among older adults living in retirement communities. The enhancedantemw was
hypothesized to promote greater increases in physical activity, phfgsictibn, mental health,
and satisfaction and participation as compared to the standard intervert®mouttome
specific hypotheses were:

1. Those in the multilevel intervention condition would have larger ingmmants on

activity-related outcomes and, in particular, on the main activity outcoed®meter
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step counts. Additionally, larger improvements would be observed for enhanced
intervention participants on environment-related variables (on and effralking,
satisfaction with walking opportunities, neighborhood barriers), segevghavior,

and ability to carry out activities of daily living.

Physical function, as measured with the Short Physical PerformatiezyB would
show greater improvements in the enhanced compared to standard interventon g
Mental health outcomes, including self-reported quality of life andedspre
symptoms, would show larger improvements in the enhanced as compared to the
standard intervention group.

The enhanced intervention would result in higher satisfaction andipatibn in study

activities (i.e. group meeting attendance).
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Participants and Recruitment

Adults over the age of 65 years were recruited from four senior liviilgiéscin the
San Diego, CA area. Participants were recruited only from the independeagsasted-living
residences, depending on the site. Residents were eligible if they mat regularly walking
(less than 30 minutes 3 days per week), able to walk (with or without @iceuadker), able to
speak and read English, able to complete assessments, no scheduling ¢sundlicts
scheduled for surgery or out of town for an extensive time), able toratheir physician’s
permission to participate in the study, and able to provide informed consentioAaldiriteria
were no history of falls within the past 3 months and completion of the Timed UpBe& in
less than 14 seconds to ensure they were at low risk of falling wHkengéShumway-Cook,
Brauer, & Woollacott, 2000).
Site Selection

Facilities were initially identified and approached for potengaftuitment based on
several characteristics as only 4 sites could be included for ibtisfidy. Sites that were
located in areas with access to a place for shopping and/or a park within & thdeesidence
were sought so that walking off-site was a feasible option. The San Desghas a plethora of
very high cost senior living facilities as well as several logome facilities, so sites that were
comparable in cost (i.e. a medium cost level) were sought. Sites wigisebleresidents were
targeted for recruitment to provide a sufficient sample at eachBiteential sites were
identified through searches in a local senior housing directory and on tmeint8ite
addresses were mapped to determine proximity to a park or shopping area.

After compiling a list containing potential sites, contact efforts weaide to several

sites. Researchers were able to meet with administrators attége Site recruitment was

29
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stopped when 4 sites verbally agreed to participate. The resultingvsite all campus style
(with a mixture of grounds and buildings as opposed to residential buildings dilg sites
differed on size and neighborhood walkability. Two sites were large (i.e. Bad residents)
while 2 were small (< 200 residents). Based on proximity to mixed land us@gj ha
continuous sidewalks, and availability of safe road crossings, tworsttesclassified as more
walkable and two sites as less walkable. All sites had more thael bteare and were
comparable in cost. Site characteristics are detailed in Zable
Recruitment Procedure

After sites were recruited, a similar process to recruit easscto participate was
followed at each site. At each site researchers worked with the ardactperson (usually the
administrator or activities director who worked with the reseasditegain approval for
conducting the study) to establish effective recruitment processess Wére developed for
each site briefly describing the study and requesting that interedteid irals attend
informational meetings. Fliers were mailed through internal maiksys to all potential
eligible residents (all independent living and/or assisted likesglents depending on site). At
the informational meetings, researchers described the study and regugefparticipation to
attendees. After the explanation, any questions were answered and residergtethin
participating were asked to stay to complete eligibility screenirge&chers met individually
with interested residents to ask eligibility information, ansavey additional questions, and
administer the Timed Up & Go Test. Participants then completed inflocovesent forms as
well as a form allowing researchers to obtain permission from theordocparticipate in a
walking study. Participants who did not meet eligibility criteria wafermed they could not
participate in the study. The study was approved by the InstitutionavRBaigrds at San

Diego State University and the University of California, San Diego.
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Study Design

In order to isolate whether the enhanced intervention (with an environmental
component) was an improvement over the standard intervention, a quasi-expesiteental
randomized design was used to test the multilevel walking interventionnsticeea balance of
site types were randomized to each condition, sites were matched intbgsaidson site size
and walkability and then randomized to condition. The matched pairs wertoasfol
Fredericka Manor (large size, more walkable) and Seacrest &/ {$agall size, less walkable);
Casa de las Campanas (large size, less walkable) and Brighton Gardalhsize, more
walkable). The pairs were numbered and the number drawn from a bag was zeddortine
enhanced intervention group making the other pair the standard intervsitéis. Fredericka
Manor and Seacrest Village were randomly selected for the intexvegrbup, making Casa de

las Campanas and Brighton Gardens the comparison group.

Table 2

Characteristics of study sites

Facility Number of Site Type Recruitment Environment Intervention
Name Residents Size of Care From Group
Fredericka 503 Large I, A, I, A More Enhanced
Manor SN walkable

Seacrest 133 Small I, A [ only Less Enhanced
Village walkable

Brighton 160 Small A, SN Aonly More Standard
Gardens walkable

Casa De 400 Large I, A, I, A Less Standard
Las SN walkable

Campanas

Note Numbers do not include Alzheimer’s Care residents. | = Independent; Astefissi

living; SN = Skilled nursing.

Intervention Development and Components
Development of the individual, social, and environmental interventioahased on

literature reviews and a pre-pilot study that tested the intéovewith 12 participants in one
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site. The pre-pilot demonstrated the ability to develop and implement éepeilintervention
in a 2-week study. All participants in the pre-pilot were given the inteoresb only pre and
post-test data were collected. While the sample size was dmeadl was a significant increase
in step counts from baseline to post-intervention (Rosenberg et al., 2009).

Intervention components were based on the underlying theoretical fransework
including the Ecological Model and Social Cognitive Theory. Table 3 provideseaview of
the relationship between intervention components and the underlying theai®#s.3&lso

describes which components were delivered to each of the intervention.groups
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Table 3
Intervention components mapped to underlying theoretical constructs and compeneivisd
by each intervention group

Underlying Under- Standard Enhanced

Construct lying Received Received
Theory
Psychosocial Intervention
Components
Pedometers Self-monitoring  SCT X X
Feedback
Step count logs Self-monitoring SCT X X
Goal-setting Goal-setting SCT X X
Biweekly Group Meetings Social Support SCT X X
Modeling EM
Problem-solving
Progress charts Self-monitoring SCT X X
Biweekly tailored phone Self-regulation SCT X
counseling and control
Problem-solving
Goal-setting
Printed educational materials
Benefits of walking Outcome SCT X X
expectancies
Outcome
expectations
Barriers to walking Overcoming SCT X X
barriers to
promote self-
efficacy
Exercising with health condition Overcoming SCT X X
barriers
Safety information Self-efficacy SCT X X
Environmental Awareness
Components
Walking route maps on and off- Changing EM X
site environment
perceptions
Handouts of on-site step counts Changing EM X
environment
perceptions
Encouragement & handouts on Changing EM X

attending local activity classes environment
and taking site arranged trips  perceptions

Note EM = Ecological Models; SCT = Social Cognitive Theory.
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Pedometers and Self-Monitoring

Pedometers, along with self-monitoring and goal-setting, have been shown to be
effective for increasing walking levels among adults (Bravasa. €2007; Ogilvie et al.,
2007) and older adults (Tully et al., 2007; Sarkisian et al., 2007; Engel & Lindner, 2006;
Tudor-Locke et al., 2004; Talbot et al., 2003). Pedometers serve as an impottast t
they provide specific feedback about walking behavior and can serve amaeuwmind
users to walk.

Pedometers were given to all participants at baseline. Parteipars taught
how to use the pedometers and to record their steps on weekly logs each night.
Participants were asked to wear pedometers during all waking hgarsgless of how
much walking they were doing. They were encouraged to put their pedometésibiea
place each night after removing it (such as near their toothbrush) sodhkdy w
remember to put it on each morning and avoid losing it. They were instructiecvwedr
their pedometer when in water.

Printed Educational Materials

Print educational materials have been an effective means of imppiwsgal
activity (Humpel et al., 2004) though they are not recommended as a stand alone
intervention (Conn et al., 2002; van der Bij et al., 2002). The provision of written
materials allows individuals to study information on their own and as deed@ibey can
also help to motivate individuals to become more active. Materialstargieted towards
teaching participants self-management strategies and were uséerasces during
group support meetings. Printed materials on a variety of topics importengrtiving
steps were provided to participants. During Week 1 of the interventiortijpants were
given a binder divided into study weeks. Information provided in print misteria

included: safe walking tips, benefits of walking, overcoming barriers liingaand
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summaries of recommendations for walking with health conditions sucthatisrpain,
and COPD. Those in the standard intervention group received handouts on gagl-sett
so participants could set their own step goals. The handouts were developed by
researchers using information from reputable sources such as the Garibsgdise
Control and Prevention, U.S. Department of Transportation, and the America
Association of Retired Persons.
Group Support

Social support is a widely accepted component to include in physicalyactivit
behavior change interventions (Kahn et al., 2002; Sharpe, 2003; King et al., 19§8; Ki
2001, Booth et al., 2000, Resnick et al., 2002; Oka & King, 1995; Duncan & McAuley,
1993). To promote social support in the current study, as well as providaaitifon to
participants in an efficient manner, biweekly group meetings weitgyleelsearchers to
discuss weekly topics, share stories with others in the group, and teéngeagblem-
solving together. Topics addressed how to implement self-managenilsrdrsdti
included: changing your thinking about walking, goal-setting, walking with gither
decreasing sedentary time, and relapse prevention. Meetings lastedrappaiyxs0
minutes and included a check-in with residents to share any relevaimghstbries from
the previous week, a brief didactic on the weekly topic, and time for nesitde
problem-solve difficulties as a group.
Individually Tailored Counseling

Individually tailored health behavior programs have been recommended in
several reviews (Kahn et al., 2002; Conn, 2003). Researchers havefsilgads/ered
individually tailored components via telephone for older adults (Stewalt @001;
Hooker et al., 2005, Kolt et al., 2007). To deliver individualized feedback aisthase,

brief (5-10 minutes) biweekly individual telephone counseling was prot@wenhanced
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intervention participants. The counseling aimed to help participants $et goaive
feedback and reinforcement, problem solve barriers, address healtmspaoe provide
motivation to increase step counts. New goals were set based on tbepresek’s
step count. The common step goal was to increase steps on a biweekby lzasis
maximum of 5-10% from the previous week’s step count. The end goal varied hased o
the participant’s baseline step count. Overall, everyone was encousdgeckase their
step count by at least 1,000 steps. However, those doing more than 3,000 steps at
baseline were encouraged to work on achieving 5,000 steps by the end of the 3 month
intervention period. The range for health benefits among older adultsdras be
suggested to be between 5,000-8,500 steps a day, depending on health condition, based
on expert opinion (Tudor-Locke et al., 2004).

Telephone counselors included the lead investigators as well as 4ist{iden
recent undergraduate and 3 graduate students). All counselors were baithe
principal investigator. A semi-structured protocol was followsdetich call by all
counselors. Before the call, counselors reviewed information on the pantigipa
previous step goal. The counselor then called the participant arthcdted-in with
how the participant’s step count was that week by having participantthesastep log
from the previous week to their counselor. Counselors provided positive feembac
meeting their goal or encouraging remarks to those who were unable th.ciaselors
assessed whether the participant was experiencing any health prataéemsuld
interfere with goal achievement. The remainder of the call focused dandnelp
participants set a step goal to work on for the next 2 weeks (until the next gddbwith
their counselor) and plans were made for how the participant would adhéestep
increase. Any barriers to meeting the goal were briefly problem-solvael pAone calls

lasted approximately 10 minutes. Health counselors received weeklyisigrefrom
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the principal investigator, a doctoral student in clinical psychofadno was supervised
by a licensed clinical psychologist), for the purpose of sharing susteges and
challenges and devising alternative strategies to implement.
Environmental Awareness

Facility-dwelling older adults may be unable to venture far into tbeal|
neighborhoods due to lack of activity experience, lack of confidence, anadjrhigalth
conditions. The goal with such individuals is to first make them moresanfdow they can
increase their activity within the more familiar boundaries of tlagilify. Once their physical
functioning improves, they can be encouraged to venture further intéoitediareas. They
could then benefit from the increased social contact and varietplaleadutside of their facility
including accomplishing utilitarian errands.

Enhanced intervention participants received additional printed materia
encouraging them to view their environment in a way that supported theiasect
walking. Handouts encouraged them to make small changes in their envirdament
promote walking, such as keeping their walking shoes by the door to cue thatk.to w
Other handouts listed the step counts for walking to various places arourghthpus
or inside of buildings (such as from the main entrance of a building taféca or
hallways). Blank spaces were provided for participants to fill insbepts for places
they walked to based on their own pedometer readings. Participantsneetgaged to
attend facility organized trips (usually on the site shuttle) teeglathere they could walk
such as grocery stores and shopping malls.

To increase awareness and use of their site and local areaKorgvahfe and
interesting walking routes were selected by researchers and develtupgpeicialized
site-specific walking maps for participants. Detailed maps of thityaas well as local

area were given to participants throughout the study. Maps of the siteivarag
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Week 3 and maps of the local area were given at Week 9 when it was hoped that
participants would be more comfortable walking off-site. The maps ni@pasunts for
different routes and highlighted interesting features.

Development of walking route maps.

The procedure for identifying the best walking routes on and off-site ametbgewy
walking route maps were created during the pre-pilot study (Rosenbergrepetss). Maps
of the area around the two intervention sites were examined for idatimif of all potential
walking destinations (such as parks and shops). Researchers thed t@tledearea around
the sites and visited the routes to systematically observe and codehaxateteristics using an
adapted version of the Senior Walking and Environment Assessment Tool (SWEAT
(Cunningham, Michael, Farquhar, & Lapidus, 2005). The SWEAT is an observatiorfaktool
assessing the functionality for walking (e.g. having sidewalks and otbetuses that support
walking), safety, aesthetics, and destinations of street segmews didapted to assess the
frequency of walking supports (e.g. shade, resting places) and bdrusyss{reets) along
continuous routes.

The large site in the intervention group (Fredericka Manor) had aywafiexcellent
walking routes on-site as it was a large, traditional, neighborhoadsstglwith slow speed
streets, crosswalks, many walking paths and sidewalks, and attfaetivees (a pond with a
water feature, fish, and ducks, many grassy open spaces, and outdoor sifibes $aich as
shuffleboard and horseshoe pits). All places on-site were considered Hadesde was
partially gated, had security guards driving around in golf carts, and loaler¢raffic. The
walking routes selected for recommendation to participants at Eieaétanor had the best
functionality (few streets to cross, level sidewalks in good conditioneglacrest) and were
aesthetically pleasing (greenery and attractive views, shade)alftét on-site routes were

selected that provided a range of route lengths.
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Fredericka Manor was located near an old downtown area with shops, bissiaadse
parks. Off-site routes were selected similarly to on-site routepezafety was more of a
consideration. The routes with the best crossings and most aestheteadiyng offerings were
selected. A total of 3 routes were selected—?2 to large parks and 1 toraceeater. All routes
went through the main downtown area where the shops and businesses were. A map of one of
the large parks was provided to encourage participants to drive anthi@attund the park if
they felt they could not make the entire trip on foot.

Seacrest Village, the smaller site, had few outdoor spaces fangabkcept for two
courtyards with limited green space and a perimeter walkway. Thus, indbaaga were also
assessed and included as recommended routes. On-site routes were desefie@® visitors
had to check in at a front desk before gaining access to the site; thiethessite was gated
from the local area. A total of 5 routes were selected on-site (2 mekvers and 3 were
outdoors in courtyards or around the perimeter). There was a local tiedidera near the site
that was selected for encouraging participants who felt able to wittlle éuirther. The streets
accessing the local area were well kept and had little traffic on thawever, there was a
slight incline to reach the residential area. Once in the rembtarga, the streets were
attractive with nice homes, yards, and trees, and the streets wensithidelewalks.
Additionally, there was a YMCA and sports field across the street frerfatility. Participants
were encouraged to walk there only if they felt they could navigassioga very busy street
outside their site in order to reach the YMCA and fields (the ¢raffeed was high and there
was no crosswalk or light to help them cross).

For both sites, step counts for all routes were determined by 2 reseavatking the
routes and averaging their counts. Participants were informed thagpheosints were an

estimate and they were encouraged to check their own step counts fordhe ra@utes.
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To visually display the selected routes and serve as an environmemigdt for
participants to walk, several types of maps were created (seedippefor a sample). An
overview poster was designed that showed a map of the site with eachaléttedson-site
routes highlighted in different colors. Individual maps of each specific veere also given to
participants with information on the estimated step counts footite.r The amenities for the
route were illustrated graphically with symbols to represent ddfeatares including hazards
to beware of, trees, inclines, shaded areas, water features, floweebereches. All maps and
materials were designed in a larger font size (14 point or more) usipgediut bright color
schemes and photographs to appeal to the senior population and based on pre-testing of the
materials during the pre-pilot study.

Measures

The measurements were selected to balance quality of data withpaatticurden.
Unobtrusive objective measures were utilized where possible. Foegetted data, efforts
were made to find brief validated measures. Where this was not ppssibtang measures
were shortened by selecting items most pertinent to study outcomes. Aathabpactive was
to increase walking, the main outcome was pedometer steps per day. Seoatwtanes
included measures related to physical and mental health that are tassevdia physical
activity. The self-reported measures are available in Appendix B.

Objective Levels of Walking Behavior

The main outcome was one week pedometer step counts measured with Newekifestyl
NL-800 pedometers. The NL-800 was chosen as it has a large display size ehgh fisr
older adults to see and had a 7-day memory researchers could use t® setpasounts. A
similar version of this pedometer (the NL-2000) has been validated atenmedometer
considered the most accurate and reliable, the Yamax Digi-walker, and thiavecstatistically

significant differences in values obtained among adults (SchneidereCr&uBassett, 2004).
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Pedometers were used as both a measurement and intervention teetibarck and cueing
participants to walk. Participants were taught to wear the pedoripferccto their waistline
and to use the additional strap to ensure the pedometer did not fall offatdtress on the
pedometers were filed down in order to make them easier for the oldiertadapen.
Participants were given the pedometers to keep after the study ended.

The Digi-Walker and many other pedometers rely on a spring-lever which mpves
and down in response to vertical movements of the hip (Crouter et al., 2005) L-BO® N
operates differently and uses piezo-electric technology which is aeléasmeter mechanism
that has a horizontal cantilevered beam with a weight on the end, which seegpaepiezo-
electric crystal when subjected to acceleration. This generatager@roportional to the
acceleration and the voltage oscillations are used to record stxpsitdr et al., 2005). This
type of device makes the NL-800 less sensitive to errors that can occorghs#tioning. The
advantage of using the NL-800 as compared to the Digi-Walker is 8tatés 7 days of step
counts and resets itself to 0 each day at midnight which enhances tlig wlide results
obtained. It also allows participants to see their step count each loaythen accumulated
steps. Additionally, the Digi-walker has been shown to be less acclitaiesveasing BMI
while the accuracy of the NL is not affected by BMI, waist circumfezeacpedometer tilt
(Crouter et al., 2005). The Digi-Walker has been criticized for undteedstg steps among
those with the slowest gait speeds such as older adults (Storti et al.C¥8é8, Myers, &
Tudor-Locke, 2004). While not yet tested in a slow gait speed population, pientcele
pedometers are likely more accurate at lower gait speeds.
Objective Measure of Functional Performance

Functional performance has been shown to improve as older adults become more active
(LIFE Study Investigators, 2008eysor, 2003; Nelson et al., 2007; Agency for Healthcare

Research & Quality, 2006; Lee & Park, 2006). Functional performance was nieaghrthe
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Short Physical Performance Battery (SPPB) (Guralnik et al., 1994).SHRB evaluates
balance, gait, strength, and endurance by examining ability to stand with ttegéther in the
side-by-side, semi-tandem, and tandem positions; time to walk 8 feet; and tiseftom a
chair and sit back down 5 times. This test has been related to mortaéityilifisand nursing
home admission (Guralnik et al., 1994; Guralnik et al., 1995). The SPPB wassheimd by
trained research assistants at the residential facilitiesg the measurement visits at baseline
and 12-weeks.
Activities of Daily Living

Older adults’ ability to live independently and perform activigédaily living can
improve with more physical activity (Agency for Healthcare ResearGuélity, 2006;
Kesaniemi et al., 2001). Ability to participate in activities of daiting was assessed with 9
items from the Late Life Function and Disability Instrument: Function Compd¢heiey et
al., 2002). The original instrument consists of 32 items that form 3 subscalesread lower
extremity function, basic lower extremity function, and upper extremitgtfon. Only items
that were relevant to walking and older adults living in facilitiesavecluded, thus narrowing
the number of items substantially. The items utilized in the survey cahsfdtetems from the
advanced lower extremity function, 3 items from the basic lower exyréaniction, and no
items from the upper extremity function subscales. The 9 items includee snnvey included:
walking 1 mile with rests, going up or down a flight of stairs, carrying songetn stairs,
getting up from the floor, walking several blocks, walking on a slipperysir&epping up
and down from a curb, getting into or out of a car, and stepping on and off a bus. Response
options ranged from 1 (cannot do) to 5 (no difficulty). The original measureekashown to
be reliable and valid in older community-dwelling adults over age 60 (t¢alaly, 2002).

Responses on all items were averaged such that higher scores indittateability to perform
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activities of daily living. At baseline and 12 weeks, the internal ctamgig of the scale was
Cronbach’sy = .90 and .88 respectively.
Sedentary Behavior

Increased lifestyle activity may be associated with reductiorediensary time (Nelson
et al., 2007). Sedentary behavior was measured with 6 items from a meashas tieen
validated in a sample of overweight women and tested for relialilitgllege students
(Rosenberg et al., 2007). The measure originally consisted of 9 items. itBom were
modified to combine some activities and other items that were not pettrgsniors (e.qg.
doing office work) were removed. The final 6 items assessed timewgatahiing television;
sitting while listening to music, talking or reading; doing computer agtiglaying games;
doing arts and crafts; and sitting while in an automobile. Participameeton a 9 point
scale ranging from no time spent on the activity to 6 or more hours. Responsésittsalere
summed in order to estimate the total time spent sitting on a typical weekda
Environment-Related Variables

To determine whether individuals in the enhanced intervention group improved thei
use of the environment to walk, a measure of walking in the local environrasrtenveloped
by researchers based on the aims of the study. The scale consisted of 12 itmdsrdo/3
sections (on-site walking, off-site walking, and satisfaction wigtking opportunities). The
first section, on-site walking, consisted of 5 items, but 2 (walking ugs stad walking inside
buildings) were removed from the subscale score due to low internal congistestt
including those items and were kept as separate outcomes. Howeverresitiaiits lived in
buildings with indoor places to walk (e.g. many of those in the large enhancedrtin site
lived in stand alone cottages, while those in the large comparisoreintiervsite all lived in
large buildings with long corridors) so this item was not analyzed in betgreep analyses.

For the 3 retained scale items, participants reported how many timgaypthey went outside
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their home, left their campus, and walked around the facility campus. Patscipported

their response on a 6 point scale ranging from never to 5 times per dayterhali
consistency (as measured with Cronbaa'®r the on-site walking scale was .78 at baseline
and .68 at 12 weeks.

The second section, off-site walking, consisted of 4 items and particippottecethe
number of days per week they walked in the local neighborhood, to an off-sitensédi, and
park. There were 8 response categories ranging from never to 7 days per weigkeriale
consistency of the off-site walking subscale was low, thus responsesisleotomized to
represent whether or not the participant walked in the local neighborhood, fesée sfore, in
a mall, and in a park. Dichotomous responses were summed for the fin& ef&king
subscale score. The final section consisted of ratings of how satisfieartisgpant was with
the walking and exercise opportunities at their site, in their local aneeheir access to safe
walking routes. Response categories ranged from 1 (extremely diegatisfb (extremely
satisfied). For the satisfaction subscale, the responses for aiivitere averaged. Cronbach’s
a for the satisfaction subscale was .74 at baseline and .82 at 12 weeks.

Neighborhood barriers was measured with 5 items assessing whetherihiks
traffic, crossings, or lacking places to walk were never (1) or méea bhrriers (0). The
dichotomous values for each of the 5 questions were summed to create therhewhbo
barriers scale score with higher numbers indicating fewer barriers.

Enhanced intervention participants were also asked which of the watkitegr
provided on the site-specific maps were used. Participants were askettdroth@y used each
recommended on and off-site route. Response options were: never, less than weeg,pe

more than once per week, or daily.
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Depression

Physical activity has been associated with lowered risk of depmesmsiong older
adults (Agency for Healthcare Research & Quality, 2006; Nelson et al., 8b@Wwbridge et al,
2002). Depression was measured with the Geriatric Depression Scale Short B&m T&e
scale consists of 15 items answered with a yes/no answer format ificordeler adults to
answer more easily than rating scales which can be confusing to themgyesaal., 1983).
Research has shown excellent measurement properties for the GDSnmgdi@emajor
depression as compared to the Structured Clinical Interview for the DiegaodtStatistical
Manual of Mental Disorders (Lyness et al., 1997). Scores greater thac&éngiiobable
depression while scores over 10 indicate depression.

Quality of Life

For aging adults with chronic illness, the quality of their remaingsgy may be more
important than the time they have left (Rejeski & Mihalko, 2001). QualilijeofQOL) is an
important consideration in obtaining the complete health status picturesimanldlts. In
addition to being a central health outcome, it is often considered an intpogdiator of
compliance and intervention effectiveness (Kutner et al., 1992). QOL isdiménsional and
can encompass global, physical health-related, or mental-health re@te(SQirduso and
Cronin, 2004).

QOL was measured with the Perceived Quality of Life Scale (PQUhg. measure
was developed using formative research with older adults and persbraisabilities and is
based on human needs theory (Patrick, Danis, Southerland, & Hong, 1988; Patrick, Kinne,
Engelberg, & Pearlman, 2000). The measure includes 20 items and cor3istsiefs:
physical health, social health, and cognitive health. In the current survey $4dlerrant to a
walking intervention for facility-dwelling individuals were seled to represent QOL. The 14

items included were satisfaction with: physical health, caring for gtfutisinking and
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remembering, walking, getting outside, carrying on conversation, seeindking ta friends,
helping family and friends, contributing to the community, recreation andddisue, sexual
activity, respect from others, meaning and purpose in life, and sleep qidé@yoriginal
PQOL was measured on an 11-point response scale ranging from 0 (extremely
dissatisfied/unhappy) to 10 (extremely satisfied/happy). These respdioges @ould be
confusing and overly complex for older adults. Thus, in the current studgsihense scale
was changed to a 5 point scale ranging from 1 (extremely unhappy) to 5 (extrameyy. An
11-item version of the PQOL was examined for reliability and validitysaraple of intensive
care patients (Patrick et al., 1988). The scale had high internalteangiand was moderately
correlated with social contact and income. The developers of theatsakexamined its use
among adults some of which had chronic conditions (Patrick et al., 2000). ScahesPQOL
were moderately and negatively correlated with mobility limitationse i@&m was not
answered by 14% of participants (happiness with level of sexual a¢tsatyhis item was
dropped from the scale. The internal consistency of the modified scalerar@sach’sy = .83
and .88 at baseline and 12 weeks.
Satisfaction and Process Measures

Study satisfaction was measured with responses to 7 items (11 feeirien
participants). Participants rated the usefulness of handouts (1 =efdtaisall, 5 = extremely
useful) and the usefulness/helpfulness of study components (1 = did not usxyhelpful)
including step logs, goal setting, weekly planners, progress charts, pedoetegroup
sessions. Enhanced intervention participants also rated the helphfinesgs of their
residence, maps of their neighborhood, step count information sheets, and pisoneczall
additional satisfaction items for all participants were: oVvéal satisfied are you with this
study for helping you increase your walking (1 = not at all satisfied, 5 = exyreatesfied),

how confident are you that you could continue to increase your steps on your own (1 #lnot at a
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confident; 5 = extremely confident), do you plan to continue walking at yolerntuevel or
higher (0 = no, 1 = maybe/don’t know, 2 = yes), and would you recommend the study to a
friend or fellow resident (1 = no, 2 = maybe, 3 = yes).

Attendance was recorded for all study meetings and phone calls. Compligmtieew
intervention was assessed by dividing the number of sessions attended or dhaoengaéted
by the total number provided in the study (total of 11 phone and group sessions Yentiaar
participants; total of 6 group sessions for comparison participants).

Demographic Characteristics

Self-reported surveys assessed participant characterisfieding: gender, age, length
of time lived at the site, health status (count of reported chronictomng}j and education level
(dichotomized to represent having a college degree or not). These rmeasigassessed at
baseline only. Height and weight were self-reported at baseline and k2 vidmdy mass
index (BMI) was calculated using the formula:

Weight (Ibs)/[height (in}{x 703

Additionally, cognitive functioning was measured at baseline. Cognitivetibning
was measured with 3 paper and pencil tests: the Symbol Search stititedtveschler Adult
Intelligence Scale (WAIS-IIl), Trails A, and Trails B. The ragores from each test were
converted to scaled scores and subsequently converted to T-scores basedgraptéc
corrections for age, gender, and education level, and ethnicity (Heatbn2804; Wechsler,
1997). T-scores were then translated into deficit scores consideringsbates >= 40 were
considered non-impaired so these scores were assigned 0. A defeivfstovas given for T-
scores between 35 and 39, 2 for T-scores between 30-34, 3 for T-scores between 25 and 29, 4
for T-scores between 20-24, and 5 was assigned to T-scores <= 19 (Gdre3084). The

deficit scores across the 3 tests were averaged. Scores of 0-.49n&dered indicative of
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normal cognitive function while scores >=.50 were classified as having sognitive
impairment (Carey et al., 2004).
Procedure

The study was conducted from July 2007-December 2007. Participants completed all
measures at baseline and 12 weeks. Participants completed the papey, sueve
administered the Short Physical Performance Battery, and receivedtioagum wearing the
pedometer at baseline. One week later, participants returned fdirtegroup meeting, and
step counts from the previous week were recorded by researchanes dgf content was
delivered. At week 12, one week after their final group meeting, participanetethall
paper surveys, were re-administered the Short Physical Performareag Battl step counts
from the previous week were collected. Except for objective measssssments were self-
reported in survey format with large print and single-sided printing whiehsier for older
adults to complete. Surveys took approximately 30 minutes to complete. faatsaieceived
$10 for each completed assessment. Table 4 describes the timelinesofemets and
intervention activities.

Table 4
Timeline of measurement and intervention components

Week:
Study Activity 0 1 2 3 4 5 6 7 8 9 10 11 12

Measurements X X
Step monitoring X X X X X X X X X X X X
Group Sessions X X X X X X
Biweekly phone X X X X X

calls

Note Measurements included one week pedometer step counts, written surveys, and
performance tests. Biweekly phone calls occurred for the enhanceeimien group only.
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Sample Size Estimate

As this was an exploratory feasibility study, only four sites werriited based on
available resources. All interested and eligible residentcat €te were accepted to
participate. A rough estimate of sample size, based on the main outcomecolstisp was
conducted using estimates from a small pre-pilot study conducted by the mesgain that
study, it was clear that residents initial step counts were venth@aayerage step count at
baseline was 3,000 steps per day), leaving much room for improvement. BRatdiowere able
to increase their step counts by 1200 steps on average over the 2 week study pegotor T
the current study, the sample size estimate (n = 57 per condition) was badestiween group
post-test difference of 1,000 steps/day and a pooled within group pooled standzrdrdef/
2,000 steps/day. This sample size was estimated to provide 80% powephadtiset at .05
and to detect an effect size of .50. A 20% attrition rate was anticipatie recruitment goal
was 68 participants per condition. The study was expected to be under poasm@adib these
estimates; however, the study was exploratory and designed to helpidetiesample size
estimates for future studies.

Analysis

Site was the unit of randomization and participants were cldsigtiein each site.
Due to participant clustering, using statistics based on individual tlata without accounting
for differences in variability between clusters could yield inaceurdults due to lowered
standard errors (Murray, 1998; Raudenbush, 1997). The more variability betustersadhe
more bias can occur in the analysis. There are two main reasondeiamdiés in variability
found in clustered designs. One involves nonrandom selection factors such aghhobese
to live at one site may have certain similarities that can impa@wbrage response of one site
versus another. Also, those living in the same site may tend to respondmitzndysio others

in their site compared to those selected randomly (Raudenbush, 1997; Kilifauvid, &
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Pearce, 2004). The main concern with failing to account for clustering isvénat
magnification of the differences between sites can occur due to sedrgandard error terms
leaving the potential for committing a Type 1 error (Killip et al., 20@4rray, 1998).

Intraclass correlation coefficients (ICCs) can be used to deternow much clustering
of outcomes is occurring (Shadish, Cook, & Campbell, 2002). It is the ratio ofdresite
variation to the sum of between site variation and within site variatidiip(Ki al., 2004). The
ICC can provide important information about the amount of between clusieoiliey and help
determine the most appropriate statistical procedures to use (Raudd@@rgh, The value of
the ICC ranges from 0 to 1. When the value is equal to 1, responses within tiveackithe
same (less within cluster variation). Small values for the ICCs sutige there is little
between cluster variation. Generally an ICC < .01 suggests low betwegargbility. When
it appears that site clustering is affecting variability in outcrage can be included as a
random effect in statistical models. Including a random effect résulecreased power and,
thus, should only be done when necessary. Thus, the plan for the current anatysis, w
include site as a random effect in the model for that variable iCGevas < .01.

After determining the degree of clustering, the statistical signifie between the
intervention and comparison condition on the outcomes was assessed using Ahalysis o
Covariance (ANCOVA) models. Treatment group was the independent eaaiableach
outcome variable at post-test was used as the dependent varialdbasétine values as
covariates. Models were run twice, using completer data only and-ioteett (in which
baseline values of missing variables are carried forward to mst-tdBecause of the limited
sample size, only significant individual demographic covariates etgeups were retained
in final models.

Several additional analyses were conducted in order to fully expleméntion

effects. Within-group changes for outcomes were run using paired atebtepeated
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measures analysis of covariance. The covariation or change among ovéci@bles (such as
how improvements in step counts related to improvements in other outcoases)amined
using residualized change scores. Change scores were created by runnimggiesaion
models with the post-intervention measure as the dependent variable baddlwe measure
as the independent variable and saving the residualized values inttetbet.d®esidualized
change scores were adjusted for any significant demographic covarfdte correlations
among the residualized change scores were used to examine covariatioroatoonges.
Moderator analyses were also conducted for the effect of demographiglesion changes in
step counts. Repeated measures ANCOVA models were used to determigeiticarste of
potential moderating variables.

All analyses were conducted using SPSS version 15.0 (SPSS Inc, Chicagd, IIl)
reportedp-values were for 2-sided tests with effects considered statigtsignificant afp <

.05.



Results

A total of 129 individuals were assessed for study eligibility and 67%esttivere
enrolled into the study (see Figure 1). A total of 87 participants sigfeedhed consent and
completed baseline measurements. At 3 month follow-up, 64 participants completed
measurements. Thirteen participants dropped after baseline but befodenat any study
sessions. Another 10 dropped from the study before completing post-test measurdrnent
percent retained in the study was 74% overall, or 87% not including those who hap toel
to health problems (N = 11). Study non-completers had lower physical functioningpnd st
counts at baseline than completers. Non-completers were also more lielgl&ssified as
cognitively impaired and overweight compared to study completers. Jedestl intervention
participants and 13 enhanced intervention participants did not complete thevigtudyg
significant differences in attrition by condition. There were no stethted adverse events
during the study. Figure 1 describes the flow of participants from neemitthrough the

intervention.
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sites)
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Figure 1
Consort diagram for the study

Allocation

Follow-Up

Excluded (n = 42)

Not meeting inclusion
criteria (n = 16)
Refused to participate

Sites Quasi- (n=4)
Randomized to Other reasons
Condition (n=22

Allocated to enhanced interventio
(n =41 individuals
in 2 sites)

Received allocated intervention
(n=33)

A 4

Lost to follow-up (n =8)
lliness (n=7)
Did not like study (n = 1)

Discontinued intervention (n = 5)
Family emergency (n = 1)
Time (n=1)
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The baseline demographics of the participants are presented in Tallle fedn age
was over 84 years and the majority of participants were female and {2aucéisere were
baseline between-condition differences for physical performance, hagollgge degree, and
BMI. Thus, analyses were adjusted for these variables.

Table 5
Demographics and baseline values of selected outcomes

Demographic Total Site 1 Site 2 Site 3 Site 4 p-value
Variable sample

N at baseline 87 38 27 14 8 NA
Mean age 84.1 82.3 84.4 87.7 85.1 .01
(range) (69-98) (72-92) (69-98) (80-92)  (75-97)

Mean step 3171.7 3522.4 3244.4 2591.2 2199 22
count/day§

Count females 66 28 21 13 4 .29
Count white 84 37 27 14 6 .05
Count 47 29 15 1 2 .00
completed

college

Mean BMI 26.3 25.4 27.5 27.5 23.9 .05
(SD) (3.9 (2.9) (4.9) (3.6) (3.6)

Mean medical 1.4(1.0) 1.3(8) 1.3(1.2) 16(1.2) 19(1.2 48
conditions

(SD)

Mean SPPB  8.1(25) 9.1(22) 78(2.7) 6.4(21) 7724 .01
score (SD)

Mean months 59.5 74.2 52.8 55.0 13.9 .02
at site (SD) (49.4) (53.3) (47.4) (38.0) (9.8)

Count 34 11 10 9 4 .10
cognitively

impaired

Note Sites 1 and 4 were standard intervention sites while sites 2 and 3 were enhanced
intervention sites. P-values represent differences between sites StabDdard Deviation; BMI
= Body mass index; SPPB = Short Physical Performance Battery.

#Using raw (untransformed) variable
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Effect of Clustering

ICCs for each outcome were assessed to determine the extent oingusjesite (see
Table 6). While there are likely some effects of clusteromgidering the ICCs, due to the
small number of clusters and small samples sizes among two ofetheasialyses were unable
to correct for clustering. Therefore, one-way ANCOVA (with adjustrf@nsignificant
demographics) compared the standard and enhanced intervention partmipdugt®utcomes
using completer and intent-to-treat analysis. Within-subjests were performed to determine

the pre-post test effects of being in any type of walking intervention.

Table 6
Effect of site clustering using intraclass correlation coefficgent

Time 1 Time 2 Difference between

Time 1 and 2

Steps 0 .047 0
SPPB A1 A3 0
Daily Activities .08 0 0
Sedentary behavior 0 0 0
On-site walking .03 0 13
Satisfaction with .07 0 0
walking opportunities
Depression 0 0 0
Quality of Life .03 0 .05

Note Intraclass correlation coefficient = between groups variancekbatgroups variance +
within groups variance). Numbers closer to 1.0 indicate more clustatintyers closer to 0
indicate low levels of clustering.
Transformation of variables

Skew and kurtosis was examined for each outcome variable. Seveablesviere
considered significantly skewed (skewness divided by standard ert@vafisss values higher

than 3.0 and/or kurtosis divided by standard error of kurtosis values high&:@han

(Tabachnick & Fidell, 2001). The following variables were transfornsep counts (square
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root), depression (log10), sedentary time (log10), and body mass index (inversd)les
means were back-transformed by calculating the squared value for seudransformations
and 10”x for the log transformations. Applying a transformation did not norntlaéizguality
of life distribution as it was highly negatively skewed; thus for betvggeup analyses, this
scale was dichotomized to represent those with very high quality ofddesgsof 4 or more)
and those with lower quality of life (scores below 4).
Between Group Differences for Outcomes

The only significant difference in the between subjects ANCOVA wathéor
completer analysis of neighborhood barriers (see Table 7). Standard intergeotip
participants had significantly fewer neighborhood barriers post-intéovecdmpared to the
enhanced intervention group. Quality of life was analyzed using logistiességn. Compared
to those in the standard intervention group, the enhanced intervention group hadtmdhe
of life post-intervention (OR = 4.34, ClI = .88, 21.48), however, the p-value exceeded the .05
level (p = .07).

Table 7
Analysis of covariance results for all outcomes

Adjusted Standard Confidence DF F P-value Partial

Mean Error* Interval Ete
Step counts
Completer(N = 51) 1, 45 .21 .65 .005
Standard 4044.96 2.20 3501.09-
Intervention 4628.08
Enhanced 4252.34 2.36 3655.41-
Intervention 4894.40
ITT (N=72) 1, 66 .22 .64 .003
Standard 3280.00 1.63 2920.32-
Intervention 3663.88
Enhanced 3416.40 1.68 3036.01-

Intervention 3819.24
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Adjusted Standard Confidence

Mean

Error*

Interval

DF

F

P-value

Partial

Etef

SPPB

Completer(N = 59)

Standard
Intervention
Enhanced
Intervention
ITT (N = 80)

Standard
Intervention
Enhanced
Intervention
Sedentary
(hours/day)

Completer(N = 57)

Standard
Intervention
Enhanced
Intervention
ITT (N=78)

Standard
Intervention
Enhanced
Intervention

Depression

Completer(N = 52)

Standard
Intervention
Enhanced
Intervention
ITT (N=77)

Standard
Intervention
Enhanced
Intervention

8.50

8.25

8.07

7.92

8.51

7.94

8.32

7.94

2.45

2.09

2.45

2.24

.27

.33

21

.23

.02

.02

.02

.02

.03

.03

.02

.02

7.94-9.04

7.60-8.91

7.66-8.48

7.47-8.37

7.76-9.12

7.08-8.91

7.76-8.91

7.41-8.71

2.14-2.75

1.78-2.45

2.24-2.69

2.04-2.51

1,54

1,75

1,51

1,72

1, 46

1,71

27

22

.57

73

1.98

1.53

.61

.64

45

40

17

.22

.005

.003

.01

.01

.04

.02
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Adjusted Standard Confidence

Mean

Error*

Interval

DF

F

P-value

Partial

Etef

Neighborhood
barriers®

Completer(N = 55)

Standard
Intervention
Enhanced
Intervention
ITT (N =76)

Standard
Intervention
Enhanced
Intervention
Activities of Daily
Living
Completer(N = 56)
Standard
Intervention
Enhanced
Intervention

ITT (N =79)

Standard
Intervention
Enhanced
Intervention
Stair Use

Completer(N = 59)

Standard
Intervention
Enhanced
Intervention
ITT (N = 80)

Standard
Intervention
Enhanced
Intervention

3.77

2.60

3.41

2.67

3.75

3.95

3.67

3.76

2.04

1.54

1.88

1.47

.30

.35

.25

27

.07

.09

.06

.06

.20

.24

15

.16

3.17-4.36

1.90-3.29

2.91-3.90

2.12-3.22

3.60-3.90

3.76-4.13

3.56-3.78

3.64-3.88

1.64-2.44

1.06-2.02

1.59-2.17

1.15-1.78

1,49

1,70

1,50

1,73

1,53

1,74

5.53

3.42

2.29

.92

2.13

3.3

.02

.07

14

.34

15

.07

.10

.05

.04

.01

.04

.04
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Adjusted Standard Confidence

Mean

Error*

Interval

DF

F P-value

Partial

Etef

Walking on-site
Completer(N = 57)
Standard
Intervention
Enhanced
Intervention

ITT (N =80)

Standard
Intervention
Enhanced
Intervention
Off-site Walking
Completer(N = 58)
Standard
Intervention
Enhanced
Intervention
ITT (N =80)

Standard
Intervention
Enhanced
Intervention
Satisfaction with
Walking
Opportunities

Completer(N = 57)
Standard

Intervention
Enhanced

Intervention
ITT (N =79)

Standard
Intervention
Enhanced
Intervention

2.14

2.20

2.14

2.17

2.25

2.11

2.03

1.96

3.89

3.90

3.70

3.73

.16

.18

A2

13

21

.24

.16

.18

.15

A7

12

A2

1.83-2.45

1.84-2.56

1.90-2.38

1.90-2.43

1.84-2.66

1.62-2.60

1.71-2.36

1.61-2.32

3.60-4.18

3.56-4.24

3.47-3.93

3.49-3.98

1,51

1,74

1,52

1,74

1,51

1,73

.05 .82

.02 .88

.16 .69

.07 .80

.00 .99

.04 .85

.001

.00

.003

.001

.00

.001

Note Analyses adjusted for completing college, physical functioning, body mass amdetke
baseline value of each outcome. ITT = intent-to-treat analysis.
#Higher scores indicate fewer neighborhood barriers.
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Within Group Differences

As there were few effects comparing the standard and enhanced intergeotps,
data were merged to examine within-group change for all outcomes usimgt@ateeat data.
Table 8 presents paired t-tests between baseline and postiititenfer all outcomes. There
were significant improvements overall for step counts (t(1, 76) = -3.040@3y),
neighborhood barriers (t(1, 80) = -3.77, p < .001)), walking up stairs (t(1, 85) = -2.18, p =.03)),
walking inside buildings (t(1, 75) = -2.50, p = .015), walking off-site (t(1, 85) = -3.07, p =
.003)), and satisfaction with walking opportunities on and off-site (t(1, 83) =-3.43, p ¥ .001)
(see Table 8). However, after adjusting for covariates, no outcomameghsignificantly
different from baseline to post-intervention and effect sizes foomés were small (see Table
9). However, there were non-significant trends for improvements ircsteys, activities of
daily living, depression, stair use, walking inside buildings, walking on arsliteffsatisfaction

with walking opportunities, and neighborhood barriers.

Table 8
Means and significance tests for unadjusted within group changes
Total Site 1 Site2  Site 3 Site 4
sample
Steps/day Pre 2890.14* 3313.15* 2963.72270.52 1876.62
Post 3238.75 3871.33 3333.912255.30 1997.20
Activities of Pre 3.65 3.81 3.79 3.07 3.39
daily living
scale
Post 3.70 3.88 3.77 3.21 3.46
Physical Pre 8.13 9.05 7.76 6.38 7.71
function score
Post 7.96 9.03 7.58 6.38 6.57
Quality of life  Pre (% 45.7 29.7 68.0 46.2 50.0
reporting
high)
Post (% 47.7 34.2 66.7 50.0 42.9
reporting

high)
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Table 8 Continued

Total Site 1 Site2  Site 3 Site 4
sample

Depression Pre 2.45 2.34 2.29 2.75 3.16
score

Post 2.40 2.29 2.09 2.75 3.47
Sedentary time Pre 8.32 8.51 8.51 8.13 7.08
(hours/day)

Post 8.13 8.13 7.94 8.51 6.61
Walking up Pre 1.51* 1.74* 1.81 .57 1.00
stairs
(times/day)

Post 1.74 2.37 1.70 43 1.14
Walking inside Pre 3.26* 2.86* 3.39 4.36 2.86
building
(times/day)

Post 3.70 3.68 3.39 4.00 4.00
Walking on- Pre 2.08 1.77 2.28 2.40 2.33
site scale

Post 2.11 1.96 2.27 2.24 2.05
Walking off- Pre 1.58* 1.21 1.89 1.93 1.71
site scale

Post 1.97 1.95 2.04 2.14 1.43
Satisfaction Pre 3.44* 3.32 3.72 3.51 2.90
with walking
opportunities
scale

Post 3.73 3.70 3.89 3.69 3.33
Neighborhood Pre 2.19* 1.92 1.73 2.93 1.80
barriers scalg

Post 3.09 3.42 2.25 3.14 3.40

Note All tests of significance using paired t-tests except for qualilifeoin which Chi Square
tests were conducted. Sites 1 and 4 were standard intervention sitestesifeasid 3 were
enhanced intervention sites.

*p < .05 for pre-test post-test difference

#Higher numbers indicate fewer barriers



Table 9

Means and significance tests for within group changes

Time N Adjusted Standard 95% Partial
Mean Error Confidence value
Interval
Steps Pre 72  2958.27 1.81 50.74- 1.71 .20 .03
57.97
Post 3346.62 2.00 53.86-
61.85
Physical Pre 80 8.13 .28 7.57-8.69 .32 57 .004
Functioning
Post 8.00 .28 7.44-8.56
Activities of  Pre 79 3.65 .08 3.49-3.81 45 .50 .006
Daily Living
Post 3.71 .07 3.57-3.85
Depression Pre 77 2.51 .03 .35-.46 .83 .37 .01
Post 2.34 .03 .32-.43
Sedentary Pre 78 8.32 .02 .88-.95 .80 37 .01
hours/day
Post 8.13 .02 .88-.95
Stair use Pre 80 1.49 14 1.21-1.77 274 .10 .04
Post 1.69 16 1.37-2.01
Walk inside  Pre 70 3.26 18 2.91-3.61 1.36 .25 .02
building
Post 3.70 .16 3.39-4.01
Walking on-  Pre 80 2.09 A2 1.84-2.34 154 .22 .02
site
Post 2.15 A2 1.92-2.38
Walking off-  Pre 80 1.55 15 1.26-1.84 57 45 .007
site
Post 2.15 A2 1.92-2.38
Satisfaction  Pre 79 3.45 .08 3.29-3.61 .07 .80 .001
with walking
opportunities
Post 3.71 .09 3.53-3.89
Neighborhood Pre 76 2.28 .22 1.84-2.71 46 .50 .006
barriers
Post 3.07 .20 2.67-3.46

Note Analyses adjusted for college degree, body mass index, and physical function.
Significance tests conducted using repeated measures analysis @ramiar
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& Higher numbers indicate fewer barriers

As the most effects were observed for environmental variables (e.gbodgigod
barriers, walking on and off-site, and satisfaction with walking opportupifigsher analyses
were conducted to explore where the changes were occurring (sed0abResponses to each
environmental variable were dichotomized and Chi-Square tests wer® eseanine change
from baseline to post-intervention. For the on-site walking scale itharg, were significant
improvements in the percent reporting leaving the building more than 3genegay, walking
inside their building more than 3 times per day, and walking around campus more than 1 ti
per day. However, there was also a significant decrease in the perpartiaypants reporting
walking up stairs at least once per day. For the off-site walking iseals, there were
significant improvements in walking in the local neighborhood, walking to asitefstore,
walking in a mall, and walking in a park one or more times per week. $#bsfavith walking
opportunities and safety of routes improved significantly. Those repdntdaving places to
walk, crime, traffic, hills, and crossings were never barriers toimgiknproved significantly
from baseline to post-intervention.

Table 10

Change in on and off-site walking, satisfaction with walking opportunities, and neighborhood
barriers

Pre-test (%) Post-Test (%) Chi Squar@-value

value
On-Site Walking
Leave building 3+ times/day 58.6 64.4 35.85 .00
Walk inside building 3+ 71.1 84.2 14.7 .00
times/day
Walk around campus 1+ 79.1 87.2 8.61 .003
times/day
Walk up stairs 1+ times/day 72.1 68.9 59.57 .00
Leave campus/site grounds 37.1 40.3 3.99 .05

2+ times/day
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Table 10 continued

Pre-test (%) Post-Test (%) Chi Squar@-value

value
Off-Site Walking
Walk in local neighborhood 44.2 52.3 27.75 .00
more than 1 day/week
Walk to off-site store 1+ 36.0 47.7 21.12 .00
times/week
Walk in mall 1+ times/week  48.8 53.5 17.0 .00
Walk in park 1+ times/week 29.1 41.9 16.88 .00
Satisfaction with Walking
Opportunities
Satisfied with walking 53.5 73.3 20.64 .00
opportunities on-site
Satisfied with local walking 35.5 51.6 16.49 .00
opportunities
Satisfied with safety of 50.6 63.5 23.1 .00
walking routes
Neighborhood barriers
Never lack places to walk 42.9 60.7 13.51 .00
Crime is never a barrier 56.5 74.1 10.29 .001
Traffic is never a barrier 45.2 61.9 18.30 .00
Hills are never a barrier 28.9 49.4 15.56 .00
Crossings are never a barrier  38.1 57.1 15.65 .00

Intervention Adherence

Adherence to intervention activities was not significantly diffeltween conditions
(see Table 11). Among the total sample, adherence was 77%. The perceitiphpts
attending visits and completing calls is presented in Table 12. Adhevesaelated to
change in step counts for the total sample but this was due to significegiations only for

the standard intervention group participants (see Table 13).
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Table 11

Analysis of variance analyses for between-group differences in adherence

Mean F-value P-value Partial Eta
(Standard Error)

Intent-to-treat

(N =87)

Standard .76 (.03) .26 .62 .004
intervention

Enhanced .79 (.04)

intervention

Completer

(N =64)

Standard .81 (.03) A1 74 .002
intervention

Enhanced .83 (.03)

intervention

Note Adherence was based on the number of intervention components completed divided by
the total number of components offered. For standard intervention parscigreniaximum
number of components to complete was 6 (visits). For enhanced interventioipgatdi the
maximum number of components was 11 (6 visits plus 5 phone calls).
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Table 12
Completion of visits and phone call components
Total Sample Standard Enhanced
Intervention Intervention
Visits (6 maximum) N=74 N=41 N =33

Mean 4.55 (SD =1.29) 4.59 (SD = 1.34) 4.52 (SD =1.25)
Percent completing:

lvisit O 0.0 0.0
2 visits 6.8 7.3 6.1
3visits 18.9 22.0 15.2
4 visits 17.6 7.3 30.3
5visits 25.7 31.7 18.2
6 visits 31.1 31.7 30.3

Calls (5 maximum) N =33

Enhanced Intervention

Group Only

Mean 4.15 (SD = 1.00)
Percent completing:
lcall 3.0
2calls 3.0
3calls 15.2
4 calls 33.3
5calls 45.5

Note Analysis does not include those who dropped after baseline before d¢ognatet
intervention visits or calls. SD = standard deviation.

Table 13
Pearson correlations between change in steps and adherence
Total sample Standard Enhanced

Completer N =56 N=31 N =25
Analysis

Adherence .23 (.09) 29 (.112) 17 (.41)
(p-value)

ITT Analysis N =65 N =35 N =30
Adherence .32 (.01) .38 (.02) .17 (.38)
(p-value)

Note ITT = Intent-to-treat.

Moderators of Step Counts
There was a significant time by physical functioning interaction evtierse with lower

SPPB scores had lower step counts at both time points and improved theiigsiépargly
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less than those with higher SPPB scores (see Table 14). The gendear Gpdiadherence by
time interactions approached statistical significance (p’'s < .15)esMld larger increases in
step counts than females. Those with intervention adherence leveésthb median had
higher step counts at all time points and larger improvements inatasdetween baseline

and post-intervention than those with adherence levels below the median.

Table 14

Step counts by potential moderating variables

Variable (N) Baseline Post-Intervention F P-value Partial
Mean Step Count Mean Step Count Etd

Gender 2.32 13 .04

Male (12) 2735.29 3545.01

Female (57) 3048.14 3370.96

Age A2 73 .002

Below 84 (36) 3400.06 3773.64

84 and Above 2539.15 2945.23

(36)

Baseline Weight .07 .79 .001

Status 3509.38 3891.26

Normal weight 2626.56 3021.70

(24)

Overweight (28)

Baseline 4.02 .049 .06

Physical 2695.69 2880.47

Functioning 3383.75 4149.94

(SPPB)

<10 (44)

>=10 (28)

Baseline Step .04 .84 .001

Counts 1912.31 2247.71

<3500 (43) 4914.01 5378.76

>=3500 (29)

Cognitive .10 .76 .002

Impairment 2634.77 2962.62

Yes (26) 3227.38 3677.21

No (42)

Adherence 2.25 14 .04

Below median 2841.96 3050.35

(<.83) (30) 3340.84 4014.49

Above median

(>=.83) (35)

Note Analyses conducted using repeated measures analysis of covariastagtjr having
college degree, physical functioning, and body mass index. SE = standard error: Cl =
confidence interval. Significance tests represent the time x modargraction.
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While none of the remaining time by moderator interactions werdisagnt, the
absence of an interaction effect suggested several patterns. ufideseage 84 had higher step
counts than those over age 84 at baseline and post-intervention but both age grayesimpr
their step counts similarly. Normal weight individuals had higher siapts at baseline and
post-intervention than overweight individuals, but both groups improved theiratafsc
similarly. Those achieving fewer than 3500 steps at baseline haddteperounts at all time
points than those having 3500 or more steps at baseline, but both improved their step counts
similarly throughout the intervention. Finally, individuals classiischaving some cognitive
impairment had lower step counts than those without cognitive impairment hutripobved
similarly.

Correlations of Change Among Outcomes

Correlations among adjusted residualized change scores (see TabticHied that
higher step counts were related to being less sedentary. Higher scocésiteseaof daily
living were related to higher step counts, fewer neighborhood barriers, andfifrsite
walking. Fewer neighborhood barriers were related to more off-sitengalkdn-site walking

was related to higher satisfaction with walking opportunities.
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Table 15
Pearson correlations among change in outcomes

Out- Steps PP ADLs Dep SB NB On Off

come SW SW
PP -.02
(.86)
ADLs 42 A1
(.00) (.32)
Dep -12 -14  -.18
(.32) (.23) (.13)
SB -.27 -13  -16 .03
(.03) (.26) (.17) (.82)
NB? .02 .15 .26 .03 -.09
(.87) (.19) (.02) (.80) (.44)
OnSW -.04 .07 .19 .08 .02 21
(.74) (.56) (.09) (.49) (.87) (.07)
Off .08 13 31 .02 .02 .32 A7
SW (.48) (.24) (.01) (.88) (.89) (.01) (.14
SWO -.03 .08 .06 -.05 .09 .23 .15 .10

(78) (47) (63)  (.65) (44) (05) (20) (.37)

Note. Correlations were adjusted having a college degree, body mass ntpkysical
functioning. Values in parentheses represent p-values. BMI = bodyindass PP = physical
performance; ADLs = Activities of daily living; Dep = DepressioB; Ssedentary behavior;
NB = neighborhood barriers; On SW = on-site walking; Off SW = off-site wgjiSWO =
satisfaction with walking opportunities.
#Higher numbers indicate fewer barriers
Satisfaction with the Intervention

Satisfaction with the study and its components were high overall for betlantion
groups (see Table 16). Enhanced intervention participants rated the isagdalisetting, and
group sessions higher than standard intervention group participants. Coafid@ontinue
increasing step counts was higher for standard intervention group patsiciganong the extra
components provided only to the enhanced intervention participants, the oadkiteywoute

maps and step count information sheets were most highly rated (see Talléo$7enhanced

intervention participants reported that the phone calls were at dzastvhat useful.
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Satisfaction with study components

70

Total Sample Standard Enhanced Standard

Enhanced F (p-

% rating (N=36) (N=28) Mean (SE) Mean (SE) value)
more highly

Handout8 91.7 83.8 100.0 3.34(.14) 3.72(.16) 3.09
(.08)

Step log 95.3 94.4 96.4 2.56 (.112) 2.29(.14) 2.18
(.15)

Goal setting 71.9 66.7 78.6 1.69 (.16) 2.07 (.18) 2.50
(.12)

Walking 59.7 47.2 71.4 1.44 (.19) 1.75 (.21) 1.23

plannef (.27)

Progress 77.8 72.2 85.2 1.89 (.16) 2.04 (.19) .37

charf (.55)

Pedometefs 98.5 100.0 96.4 2.83(.08) 2.79(.10) 14
(.71)

Group$ 92.1 86.1 96.4 3.51(14) 3.86(.16) 2.53
(.12)

Overall 98.4 100.0 96.4 4.17 ((112) 4.29 (.14) 42

program to (.52)

increase

walking®

Will 98.4 100.0 96.4 2.00 (.02) 1.96 (.02) 1.29

continue to (.26)

walk at

current level

will 89.2 91.7 85.7 3.56 (.15) 3.36 (.17) .75

continue (.39)

increasing

step$

Would 93.7 94.4 92.6 294 (.04) 2.93(.05) .09

recommend (.77)

the program

to a friend

Note. Significance test for the difference between standard and edhatervention groups.

SE = standard error.
@Percent reporting somewhat, very or extremely useful
® Percent reporting helpful or very helpful

¢ Percent mean reporting somewhat, very, or extremely confident
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Table 17
Satisfaction with enhanced intervention group only components

Study Component Percent

Step count information

sheets

Did not use/not helpful 14.3
Helpful/very helpful 85.7
M aps of residence

Did not use/not helpful 25.9
Helpful/very helpful 74.1
M aps of neighborhood

Did not use/not helpful 44.4
Helpful/very helpful 55.6
Phone calls

Not useful at all 3.6
Somewhat, very or 96.4

extremely useful

Use of Suggested Walking Routes

The walking routes suggested on the maps for enhanced interventiompaatsievere
used to varying degrees (see Table 18). In the larger enhanced interveatif@wsieported
using on-site routes daily while in the smaller site, many participeseis certain routes daily.

Among both enhanced intervention sites, few used the neighborhood routes regularly
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Table 18
Use of suggested walking routes

Never Lessthan Morethan Daily

1x/week 1 time per
week

Enhanced Intervention (Site 2)
(N =21)
On-site walking routes
Pond 9.5 38.1 38.1 14.3
Outside Mountain view loop 28.6 23.8 33.3 14.3
Jasmine Way 42.9 33.3 23.8 0.0
Inside Mountain View loop 38.1 14.3 38.1 9.5
Timken Lodge 35.0 10.0 45.0 10.0
Off-site walking routes
Downtown 42.9 42.9 14.3 0.0
Senior center 81.0 14.3 0.0 4.8
Library 90.5 9.5 0.0 0.0
Memorial park 85.7 14.3 0.0 0.0
Enhanced Intervention (Site 3)
(N=7)
On-site walking routes
Garden court 0.0 28.6 14.3 57.1
Residence hallway loop 1 0.0 14.3 14.3 71.4
Residence hallway loop 2 0.0 14.3 57.1 28.6
Pond and putting green 28.6 42.9 14.3 14.3
Perimeter 66.7 16.7 16.7 0.0
Off-site walking routes
Park and YMCA 85.7 0.0 14.3 0.0
Neighborhood loop 85.7 0.0 14.3 0.0

Note Analysis includes only participants in the enhanced intervention who reépopest-

intervention.



Discussion

The current study aimed to test whether a novel, multilevel approach, based on
ecological models and Social Cognitive Theory, to encouraging walking in arfatdiy-
dwelling population was feasible, effective, and acceptable to conduct.tRssuved few
differences between the enhanced and standard intervention groups on any ofaticthises
pilot study. The main outcome, pedometer step counts, was not significarghgmnlifbetween
the standard and enhanced intervention groups, in contrast to hypotheses. bRtithe
interventions were effective in improving step counts and adherence efacsan were high.
Each study hypothesis regarding specific outcomes will be discussed nexeidetul.

Hypothesis 1: Activity-Related Outcomes

There were no intervention effects for step counts, sedentary betability to carry
out activities of daily living, on and off-site walking, and satisfactior wialking
opportunities. The only significant effect was for neighborhood barbatsas opposed to
hypotheses, standard intervention participants had fewer barriersnihanced intervention
participants. Pre- and post-test results suggested improvemeteys dosnts (the main
outcome) for both intervention groups indicating that both walking interventiers effective
in improving the main outcome. There are several potential reasons whyémeeah
intervention did not lead to better outcomes than the standard intervent

The standard walking intervention group performed better than was hypadhesize
similar to other studies which sought to compare an active controliffergit approach to
encouraging physical activity (Dunn et al., 1999; Engel & Lindner, 2006). The slandar
intervention consisted of many active ingredients including group sessiprsvide
interaction with study researchers and other residents, educationahlsapedometers, goal-

setting, and self-monitoring. It is unclear which particular component of thelstlitb

73
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changes in walking. Different components may have worked best for differéoipaats. For
those in the enhanced intervention, environmental components (e.g. walking apstefrtheir
site) may have been the piece that motivated them to walk more. Simtardtantervention
participants did not have these environmental tools available tg theynlikely used different
components of the study (e.g. pedometers) to motivate them to walk more. iHommeleethe
standard intervention groups were not given maps or other materialprtuve their
environmental awareness, participants in the large standarceimiervsite appeared
particularly motivated to walk more based on observations by study ressar¢hés site did
increase their use of their environment to walk more (see Table 8) anitl ipok themselves
to talk to study researchers about obtaining maps of their local ahea, tliere appeared to be
inherent site differences in program engagement and motivation thdthaod accounted for
improvements in the comparison group.

Comparing two active interventions was a particularly stringenoteke enhanced
multilevel approach. Previous studies aiming to increase physicatyaativong older adults
have compared two interventions and found, as in the current study, that both actreesiti
increasing physical activity (Dunn et al., 1999; Engel & Lindner, 2006; Wilcox,2Gi6,
Wilcox et al., 2008; Writing Group for the Activity Counseling Trial Reske&coup, 2001).
The aim of the current study was to determine the effectiveness aifdifgad a multilevel
intervention compared to a standard intervention approach. Like pretudiessthe rationale
to use an active comparison group was that researchers felt oldervealuld not participate in
a study that did not provide benefit to them and it was considered unethigtdholdvan
intervention that is known to improve health (Dunn et al. 1999). The currentvgasdy
underpowered to detect differences between groups and without a comtiitgs impossible
to tell what the secular trend in walking would have been. It is likely thatr@atonent control

group would have declines in walking, as previous walking studies among oldsrtedt
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shown (Croteau et al., 2007; Talbot et al., 2003; Tudor-Locke et al., 2004). Haddbera
control group, the small improvements observed in the present study may éa\sigogficant
compared to decreases among the control group.

Another reason for the lack of differences between groups is thaitibaeed
intervention may not have been an adequate test of the multilevel approadid a®itinclude
changes at the community level of influence, in particular changggtedrat the policy sub-
level. Rather, the approach was focused on educating participants abdatusaatheir
environment to walk more, be aware of supportive features of their envirofonaralking,
and become more aware of places they could walk on and off-site. Additional components
such as making changes to the environment or placing signs encouraging resideiksiay
have improved effects. Future studies will be needed to determine tlaeefifomultilevel
walking interventions for older adults. Each specific activity-eelatutcome will be discussed
next.

Step Counts

There were no significant differences between the enhanced and statelahtions
on step counts. Step counts did improve over time for the overall sample buethesietf was
small. Both interventions utilized in this study were generdigcgve in producing an
approximately 350 step count improvement over 3 months. This representschamge in
steps, about 10% from a low baseline. However, among the 2 largest spissigiroved by
664 (mean baseline = 3402.53, mean post-test = 4067.02). This may be because those in th
smaller sites were older, had more medical conditions, and had more @ignjiairment.
Additionally, those with higher physical functioning improved about 766 steps \wbse twvith
low physical functioning improved only 185 steps. At baseline only 10 participantsdnad m

than 5,000 steps/day while at post-intervention 24 participants adhtasdevel.



76

The clinical significance of the step count changes observed inutisaste difficult to
quantify. Ayabe et al. (2008) recommend that for secondary prevention of eacitar
disease patients should achieve at least 6,500 steps/day. Very fewip&opleurrent study
achieved this many steps after intervention. However, the mean tigeAgpabe study was 68
and the appropriate amount of steps specific to very old older adults, such as thosgudy
with a mean age of over 84 years, is not clear. However, it is likely thaanécipants not
been exposed to the intervention, steps would have declined as is the nagatiaihdivith
increased age.

The results of our study can be compared to other studies of walking or pedometer us
in older adults. In the Bravata review of RCTs using pedometers (200&yetage increase in
step counts was 2491 steps per day more than control participants. Témsaniions had a
mean age of less than 50 and the mean intervention lasted 18 weeks, wkéth is [partially
explain differences from current results.

There is a large range of step count improvement in previous walkingsstuang
older adults. A 4-month intervention with a primarily female community ldwggbopulation
had a 1518 step improvement (mean at baseline = 4041, mean at 4 months = 5559) (Croteau &
Richeson, 2005). However, among those over 85 (which was the mean age in our study) the
increase was only 268 steps. In a 12 week intervention followed by a 12 week nmai@tena
period, there was an increase of 639 steps/day during the intervention andepG8ist
increase during maintenance compared to decreases in steps for tblegcounp (Croteau et
al., 2007). In this study participants averaged 4969 steps/day at baseline wich isigher
than the average in the current study. A study with adults over age 65 incesmess over 7
weeks found improvements of 5958 steps/week (about 851 steps/day) (Satkikia2087).

In a study with older adults with a mean age of about 70, Talbot et al. (2003) degrorte

increase of 818 steps for those in a home-based pedometer group over the 1@dygedristd
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with a decline of 608 steps at the 12 week follow-up. This was compared to si@tkteps
among the control participants. In Tudor-Locke et al.’s (2004) study with tgtidétics

(mean age = 52.7), participants in the intervention improved steps by 337 ditayhe control
group had decreases in steps. However, over the 16 week maintenance period, steply wer
improved by 1199 over baseline values. Thus, it appears that the results oféhestudy are
comparable to previous studies among the oldest older adults even though cleaegesail.

Moderators of step counts.

Moderator analyses suggested several patterns that related to stsp ¥hite there
were fewer males in the study, likely representing that fewer meimliretirement facilities,
men had larger improvements in step counts than women. The oldest olde(@adultige 84),
overweight older adults (BMI >25), those with cognitive impairment, and thobeavdwer
level of baseline steps improved similarly as their counterpatti®ut these concerns. This
suggests that walking can be improved with intervention even among the nmestibig older
adults. Adherence and physical function were moderators of step count impntseme are
further discussed later.

Variables associated with changes in step counts.

Changes in activities of daily living and sedentary behavior werededia changes in
step counts. These results suggest that as step counts improved siwitles ad daily living
while sedentary behaviors decreased. These associations werecte@xjiections. The time
that older adults spent walking may have displaced some of their tingpdemzlentary. As
sedentary behavior has effects on health independent from physicdy¢Btate, O'Neill, &
Lobelo, 2008), this may be an excellent double benefit to walking. Studies havetsiabw
among youth, sedentary behavior does not displace time spent being phystoadlyMarshall
et al., 2004). However, little research has examined this relationshiguits though and there

is a possibility that displacement does occur among older adults.
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The activities of daily living measured in the study focused on tasks duleewalking
or that could be affected by walking (e.g. walking 1 mile, going up or down stepirgy
up/down curbs). The association observed between activities of dailydinthgtep counts
suggests that physical activities can be integrated into dailgrid not only promoted during
leisure time.

Sedentary Behavior

There were no significant differences in overall sedentary beHastaeen the
intervention groups. Sedentary behavior declined slightly for the totglle and 3 out of the 4
sites (see Table 3) but the changes were not significant. Cangitleat older adults are the
most sedentary age group in the United States (Matthews et al., 2008) and iggeath@nts
of time watching television, sedentary behaviors are important to eeamong older adults.
Sedentary behaviors appear to have independent effects on health regapligsgal activity
level (Hamilton, Hamilton, & Zderic, 2007) and could be a particularly impoitéervention
target of their own merit among older adults. The current inteorefdcused primarily on
encouraging older adults to be more active rather than reducing their sgtierea However,
printed handouts were provided to participants that indicated ways ebdeny sedentary
behaviors and this was a topic discussed in one group session. More focus asirdgcre
sedentary behaviors may have led to more changes. Future studies should snchire
the importance of decreasing sedentary behaviors and measure theserbskparately from
physical activity. The use of objective measures of sedentary behaxit e important to
include as well.

Activities of Daily Living

There were no significant improvements on self-reported activitigéailgfliving.

However, improvements in activities of daily living were relatedriprovements in step counts

and perceived neighborhood barriers and off-site walking, indicating that winétiescof
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daily living improve, older adults are more able to use their environmerglko(@r that
reducing barriers to walking and walking more off-site improve aigs/af daily living).
Activities of daily living are considered an important aspect of heaiiimgas they reflect the
preservation of functional abilities and improved independence (Gu & Conn, 2008) vétpwe
a meta-analysis revealed no significant effects of exerciseestadiactivities of daily living
(Gu & Conn, 2008). The researchers of the meta-analysis suggestée thaktof findings
may be due to the limitations in self-reports of activities of dailyig as ceiling effects can
occur and small changes may not be detected. However, at least one pedolkiatgr wa
intervention among older adults (mean age = 77) has found improvements in sé#ferepor
activities of daily living (Sarkisian et al., 2007). In that study, oldeltaigarticipated in a one
hour physical activity session per week that included strength, enduraddkexility
exercises in addition to using pedometers.

In the current study, 42% reported having little or no difficulty with a@iwviof daily
living at baseline, leaving little room for improvement for these indaigluOnly 19.3% of
participants reported a lot of difficulty with activities of gdiving. Additionally, in order to
participate in the study, participants had to be able to walk. The reedsastivities of daily
living included activities that were related to walking rather than & mmafusive list of
activities of daily living such as getting dressed and bathing. Thus, tlseireesed in the
study may not have been sensitive to the changes that might occur fromgwatkie. The
intervention focused solely on walking while the inclusion of other impoftamms of exercise,
such as balance and strengthening exercises, may have led to more changéatsemdaataily
living. Future studies may wish to use broader measures of activitiagyoliving which
could be affected by walking rather than limiting items to those thaireegalking as in the
current study. Indeed, anecdotal reports from participants revealed thahot@ey changes

in their ability to get dressed more easily due to improvements in balatatrangth.
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However, the measure of activities of daily living used in the study woulldavet captured
such changes.
Environment-Related Variables

The only significant outcome variable related to intervention grogpeeceived
neighborhood barriers. The direction was in the opposite of the hypothesiz¢idnlirethat
those in the standard intervention group reported fewer neighborhood barriess at p
intervention than the enhanced intervention group. This result is suggransidering that
changing perceptions of the environment to support walking were targeted drédyeinttanced
intervention group. However, the improvement in the standard interventiop gray stem
from researcher observations that residents from the large stantmvention site took it upon
themselves to ask study researchers about the ways their environnpemtesipralking.
Conversely, the enhanced intervention group could have become more athiarbafiers in
their environment for walking and with the short intervention time period,tfagynot have
had time to problem solve these barriers.

Among the total sample, unadjusted analyses suggested the most significa
improvements in use of specific walking locations including walking upsstaalking inside
buildings, walking off-site, satisfaction with walking opportunities, andhm®rhood barriers.
The findings suggest that whether or not the environment was targetedritetiiention, use
of the environment to walk and perceptions of the environment were relatechgesha
walking among facility-dwelling older adults. This may be becausezafdhtext in which
these older adults were walking. The only spaces for them to improvetépsiirsvolved
making use of their site environments. Greater use of environments csultdrrehanged
perceptions regardless of whether these were intervention tardes$sstréngthens the
importance of addressing the built environment in interventions targetedds facility-

dwelling older adults and confirms previous research that environmentakteate related to
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physical activity among older adults (Cunningham & Michael, 2004; Dawsdn 20Q7;
Patterson et al., 2004; Sallis et al., 2007; Li et al., 2005; Michae| 208b; Chad et al., 2005;
Li, Fisher, & Brownson, 2005).

Covariation analyses suggested that changes in many of the envirdnragatdes
were related to one another (see Table 15). Neighborhood barriers wiee pekitively to
off-site walking and satisfaction with walking opportunities. Thus asepexd barriers
improved, off-site walking and satisfaction improved. Additionally two emvirent variables,
neighborhood barriers and off-site walking were positively related igtaes of daily living
suggesting that as barriers and off-site walking improve so do agieitidaily living.

Hypothesis 2: Physical Performance

There were no differences between intervention groups on physical peréerma
contrary to study hypotheses, nor were there within group improvements on physical
performance. Additionally, changes in physical performance were not dedogith changes
on any other outcomes. Neither intervention was effective in promoting ieTpeois in
physical performance.

A meta-analysis found significant effects for exercise treatnmnpared to control
groups on many measures of physical function including chair rise hgadgeed, walking
endurance, and balance. However nearly 80% of these studies includegthatiag
exercise component (Gu & Conn, 2008). Researchers have stated that in orges\e im
specific aspects of physical function, exercise programs must beethtgehose specific
aspects (Bean et al., 2004; Gu & Conn, 2008; King et al., 2002). Walking, asdargehe
current study, may have effects that are too general to improve scoregifin spEasures of
physical performance. More comprehensive exercise interventions alkimgvand
strengthening components may be needed to improve physical functioning. Foregxanha

Lifestyle Interventions and Independence for Elders Pilot (LIFE-P) studjgipants had
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improvements in physical performance measured with the Short Physit@infance Battery
and 400 meter walk (Fielding et al., 2007; Pahor et al., 2006). In the LIFE-P studyentiterv
participants received a walking, strengthening, balance, and flexibdlining program.
Walking was specifically chosen in the current study as the only exeariggonent in order to
improve the likelihood that older adults would adhere to a more simplisticapnog
Additionally, walking is weight bearing and can promote lower extremigngth (Talbot et al.,
2003) and improve balance (Taylor et al., 2003) among older adults. There igiveef
conclusion that can be made from the current study regarding whether physitiahing can
be improved via a walking intervention due to the small effects on walking.

In this study, physical performance was assessed with an objectisarmednereas
improvements in self-reported physical functioning may be important tooexgoiple,
participants were asked whether they felt the study improved theih lagal 75% reported that
they somewhat or strongly agreed with this statement. Additionally, at stughetmm
participants self-reported several health benefits such as the stpdg tieem reduce their
medication usage (N = 5) and improve symptoms related to osteoarthriti€)(Migh blood
pressure (N = 8), diabetes (N = 5), pain (N = 9), fatigue (N = 17), and cognipairment (N
= 7) while few reported worsening in any symptoms.

There also may have been measurement error associated with theh$kicdl P
Performance Battery. All of the tasks in the Short Physical PeafizenBattery required
administrators to track the time it took the participant to compéatk ef the 3 tasks. The
stopwatches used could have been prone to error in the times that weteddmrause of
difficulty getting the timers to start and stop (e.g. some researcraassistported that it took
repeated attempts to get the timer to start). More sensitive nasadgyhysical function may

need to be found or developed in future studies.
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Another concern is that the measure may not have been sensitive to change. Whil
previous studies have shown effects on SPPB scores many included onlparadiaiith low
levels of physical functioning at baseline (Bean et al., 2004; Pahoy 20@6). Others have
not shown changes in SPPB scores with exercise interventions (Marsh et alVa8060s;
Harrison et al., 2009). The majority of participants in the current stiagyed at the same level
of functioning (low, n = 30, or high, n = 18, using the SPPB cutoff of 10). Nine pariisi
who were in the high functioning category at baseline went down to low functianpast-test
while 6 participants who were classified as low functioning at baseliwedrinto the high
functioning category at post-test.

Physical functioning did emerge as an important moderator of improvemestépi
counts. Those with lower physical functioning had significantly lonegr sbunts at each time
point and improved less than those with higher physical functioning. Oldes adlilitlower
physical functioning may require more assistance to improve their@taepsand longer
interventions may be required. More targeted exercises may be neededdavithdewer
physical function, such as building strength in specific areas, in@dtbtwalking. Further
program adaptations may also be necessary for those with lower physitialifgoich as
providing supervised walking.

Hypothesis 3: Mental Health Outcomes

In the present study, there were no effects on depression or qualityashbfey either
intervention group, contrary to hypotheses. However, the lack of findings ntlelie the
generally high levels of quality of life and low levels of depression arparticipants at
baseline, making it difficult to detect changes. Only 10 participants coulddsfied as
possibly having depression while none were classified as certainlyghdepression according
to scores on the Geriatric Depression Scale. Seventy-five perqaantiofpants reported

quality of life scores of 4 or 5 on a 5 point scale.
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Other walking intervention studies have shown improvements in mentdi faality
of life for older adults (Sarkisian et al., 2007; Fisher & Li, 2004) using th&2Skhich was not
the measure used in the current study. However, one study found that qualityngbideed
more with higher doses of physical activity (Martin et al., 2009). Pethapose of exercise
received by participants in the current study was not enough to have dameftelity of life.

Longitudinal studies have shown that more physically active older adultdonesre
risk of becoming depressed (Strawbridge et al., 2002). Among depressedialterexercise
has been effective in reducing depression scores (Blumenthal et al., 12888y &t al., 2002;
Brenes et al., 2007; Pinquart et al., 2007). Among non-clinical older adult pops)aimeta-
analysis showed a small significant effect of physical activity oaraémeasures of well-being
(Netz et al., 2005). The meta-analysis showed that the largeds effere for aerobic and
moderate intensity physical activity. However, while many reviewe heported positive
outcomes for trials using exercise to improve depressive symptomaraiesrs note that
overall results are inconclusive due to a lack of high quality relséaals (Barbour &
Blumenthal, 2005; Lawlor & Hopker, 2001; Mead et al., 2009; Pinquart et al., 2007).

Hypothesis 4: Satisfaction and Adherence

While it was hypothesized that the enhanced intervention would resulhier hig
satisfaction and participation in study activities, both groups had higfastibn and
adherence. Adherence with intervention components was generally high, sudgeititypes
of walking intervention are feasible to conduct among older aduiltg lim retirement facilities.
Adherence level showed a trend towards being a moderator of change iousttsp @hose
with lower adherence did not improve step counts as much as those withaugaegnce.
This confirms previous research among non-older adult populations that thef tlose

intervention received by participants affects physical activityanés (Patrick et al., 2006).



85

Satisfaction with the intervention components was high for both intéowegroups.
Pedometers were rated most highly among all study components even though meipguar
reported having problems with them. Common issues reported with pedomdtetsdnc
feeling like it was not counting all steps, falling off (though clipsfaved participants from
losing the devices), difficult to open and put on, prefer to see distancletraveead of step
counts, confusion over how to use all functions, uncomfortable to wear, and onggsrt
These concerns reflect the importance of adequately training oldes taduse pedometers.
The pedometers used in the current study were slightly more complicated doamepers that
keep a simple tally of all steps because they included a 7 day memory arehditiections
could be displayed on the screen. Even so, many positive comments about the pedeenete
reported including: excellent way to know the amount of walking done, feel mmpevearing
one, motivates to do more steps, helpful to track steps over time, easyatwusad, and
reinforcing. It appears that, overall, participants liked using petboseven if they were
difficult at times.

Among enhanced intervention participants, a high percent reported using on-sit
walking maps while only about half used and found the neighborhood maps useful.e Die us
suggested walking routes among the enhanced intervention participeiats The smaller
intervention site had higher daily use of suggested on-site routes. Hotheverost used
routes were indoors and participants would have had to use parts of thoséoroateRict their
daily activities anyways. In the larger site, there were more oppiesifor outdoor walking
so no indoor routes were included on site maps though some participants did iegandoeor
hallways to walk. Including indoor routes in future studies is advisetylarty for use
among those who wish to build up their stamina prior to walking outside or for attybee

able to continue walking during inclement weather.
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Regarding off-site walking, the larger site was situated in a malieatbie
neighborhood with better and safer access to neighborhood routes. Thegeapéstaid report
using off-site routes more than in the smaller site. Interestingly, thik site had a large park
and YMCA across the street, but few residents went there. This mayaweséechigh speed
(e.g. 40 miles per hour or greater) traffic road was located betweeassttience facility and the
park and there was no crosswalk or traffic light to facilitate pededirffic. This likely
deterred the older adults from crossing to use the facilities. Havingrlorigrvention periods
to help older adults become stronger and able to walk further distanceseaaltd more use
of off-site routes. Additionally, longer interventions could targetingakhanges to facilitate
use of on- and off-site environments. For example, in the smaller site, adatnsstould
petition the city government to install a cross walk so residents, agis potlould cross the
street safely to use the park and YMCA facilities.

Study Limitations and Strengths
Study Limitations

Due to the small number of sites and large variability in the number dfipartis per
site, analyses were unable to adjust for the potential cluseffen of site. Intraclass
correlation coefficients were examined to determine whether clusterggagarring and it
may have been for some variables (see Table 6). By adjusting for pHiysictaning and
baseline values of outcomes, some of the differences due to clustagritaue been partially
accounted for. The main concern with using statistics that do not accounistering is over-
magnification of effects as accounting for clustering reduces thpleaize (Kilip et al., 2004).
However in the current study no significant effects between groupdeuere in hypothesized
directions so it is unlikely that accounting for clustering would havecaltihese results.
Regardless, future studies should have enough sites to support use mastaiigtels, such as

multilevel modeling, that adjust for the effects of clustering.
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The small sample size limited the power to detect differences betweerithin
groups. The current study lacked a non-intervention control group so it was tmdbtermine
whether walking decreases over time among this population in the absengalkihg
intervention. The differences between groups may also have been largemdradctive
control group been used, thereby giving the study more power to detect déferdPrevious
studies have found improvements in physical activity for both groups when éogpeo
active interventions (Wilcox et al., 2006; Engel & Lindner, 2006). Studies usingxaaise
control groups have found declines in physical activity among control pantigif@roteau et
al., 2007; Talbot et al., 2003; Tudor-Locke et al., 2004). Also, examination of ttenpef
change in steps among different segments of the study population would have beétohelpfu
conduct as the overall number of steps improved was small.

The study was not able to assess whether the interventions continued tdarajesc
on participants step counts after a period of follow-up. It is possiblenthahhanced
intervention helped participants maintain their step counts ble#eithe standard intervention
after the study was completed. Part of the rationale for testingewaltdpproaches is the hope
that changing environment awareness and cues can lead to improved angiatafribehavior
since individuals are exposed to their environment constantly. Theds#ayn had included a
6-week follow-up assessment post-intervention, however natural dés@sielfires) in the
study region prevented these assessments from occurring and likely hedctieasyes on
participants physical activity. If participants had decreasedgtep counts, it would have been
impossible to discern whether any changes were due to the weakening of ilteretatts or
the wildfires. In fact, when study researchers returned to one site whicljweaantined”
during the wildfires with limited dining and elevator services, thegnted walking more.

Some of the measures used in the current study have not been validamdapgrfior

use among older adults. The sedentary behavior questionnaire has beenrtestietifity and



88

validity only among youth (Zabinski et al., 2002) and overweight adults (Raseetbal.,
2007). The activities of daily living and quality of life measures weaptad from their
original form. Additionally, a screening measure of cognitive function wastitiaed. While
all participants had to receive their doctor’'s permission to take piate study and there was
a specific place on the form for physicians to indicate that thearpahould not participate
due to having cognitive deficits, this may not have always occurred. Includsrgening
measure of cognitive function would have enabled study researchersite g participants
understood the study consent and were not at any risks for doing independerd.walki

While the most change was found for environmental variables, the measeddsad
not been validated. No validated measures were found that briefly assesased ofi-site
walking so researchers created the items using expert opinion. While aivebjesasure of
walking was used, pedometers may not accurately count steps among thosé& yitibtams.
Thus, future studies using pedometers with this population should walk p8Gnstie
participants at baseline and make sure the pedometer has accurattdy tdoem (Croteau et
al., 2007). If the pedometer is not accurate, the other hip can be tried. If thisestithot
work, researchers and participants can then expect a discrepanegioegif-reported and
pedometer measured walking behavior. There is a need to use other ohjeetsuges, such as
accelerometers and Geographic Positioning Systems (GPS), fordhesas.

There may have been unmeasured site variable differences in the study. For
example, anecdotally, each retirement facility had a unique culture egld “For example, as
previously mentioned, the large standard intervention site seemed moreckitgdge walking
intervention, were active during group sessions (e.g. asked many questioeds febdback
with other members), and motivated to walk more. On the other hand, the smizdlieced
intervention site had staff who were unsupportive of the walking program, aripgents were

less engaged in the intervention. This “organizational climat#ieofetirement facilities could
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have been a moderator of the program. The site physical environments ado vari
considerably. Currently there are no measures that systematss#lgsebuilt environment
features of retirement facilities. Such measures will be usefuténndi@ing the type of
walking environment that exists and helping note where potentially beneficiehaould be
made. Site “feel,” staff and resident engagement in programs, andnvirittranent features
will be important to measure in future studies; however, they dreufliftonstructs to measure.

The older adults in this study often encountered setbacks such asoliteemselves
or a loved one that impeded their ability to work on walking for periods of tinme-tidrd of
participants reported having an illness or injury that interferél their walking during the
study. Of those who did, two weeks was the median response for how long the ilingsy or
affected their walking. Thus, longer term studies are needed to dedeges over more time.
Three months may be too short a time period to see large changes in walkingricanide
high rate of illness among older adults. In this study, walking increasdzbhy H0% overall.
Given a longer study period this may have been larger.
Strengths of the Study

The major strength of the study was the novel multilevel approach taleseamhers
have called for interventions that use such approaches (Mihalko Bléi2003; Satariano &
McAuley, 2003) yet no known studies have employed a walking intervention forauldks
living in retirement facilities using such principles. The paréidylnovel aspect of the
intervention was the focus on tailoring to place using site spedlkivg route maps.

Additional strengths were the use of an objective measure of phygivdyac
pedometers, to measure step counts and the large age range of partitpagtstudies
examining walking in older adults tended to enroll younger older adults (i.e.letween 60
and 75) while the mean age in this study was 84. The drop out rate in the cuthemies

comparable to the range of attrition observed in other studies with old&s. afhe completion
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rate was 74% overall in the current study (82% not including those who had to drop twut due
health problems) while the range in other studies has been between 7&ay@tatk, 2004) and
90% (Sarkisian et al., 2007). The results of the present study supmpodriclusion that
walking can be improved among the oldest older adults who live in facilitiéhile the study
was a pilot and was underpowered to detect between group differencesulkeare
informative for the design and development of future studies aiming to implrosical
activity among facility-dwelling older adults.

Conclusions
Implications for Future Studies

The data obtained in this study will be used to inform the development gka taal
testing a multilevel intervention for promoting walking in older adultse results of this study
generally suggest that such approaches are feasible to conduct amondutddiveng in
retirement facilities. Several improvements could be made to thentetuely to strengthen its
components.

While goal-setting is an important component of walking interventions, stenas to
help older adults set goals is unclear. One study reported more improvemetitétyncacints
for older women (mean age = 76) who were given a 20% increase in stegdangatred to
those receiving 10 or 15% goal increases (Sugden et al., 2008). In our study, we gave
participants 10% increase goals each week, though health counselorepdteed that this
was too high for the participants they spoke with by phone. Using a 10% increbsettog
method meant that the goal was constantly changing based on the previousstepettaints
and participants were often confused about what their current and long tesmvgoal They
also had difficulty calculating their goals. Having all participardsking towards the same
graduated step increase goal would help clarify any confusion. For examitihes fiost month

everyone could work on increasing their steps by 100 counts per day, then by 200 per day f
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the second month, and so on. Future studies should help determine the most &ffexdiof
goal setting for older adults.

While the current study was able to demonstrate that brief phone counsglibg c
done with facility-dwelling older adults, more research will also belexéo determine
whether individualized health counseling is necessary to help older adpits/e their
walking. Previous reviews have found phone counseling effective for &iregeactivity levels
among adults (Castro & King, 2002; Ogilvie et al., 2007) and one study used automated phone
counseling to promote walking among older adults (Jarvis et al., 1997). In thet ctudy,
those receiving individualized counseling did not improve more than those who deteioe
it. The individual phone counseling may have led to participants besgelent on
themselves to set goals and gain self-efficacy for walking morem¥st enhanced
intervention participants rated the phone counseling as at least someefuht Tapering
health counseling may be an effective means of ensuring that participantsbécaooe
dependent on their health counselor and would also increase cost-effastivene

Future studies should aim to use longer intervention time periods that wiowd al
participants to build their endurance and strength and walk further into neigbtateas.
Further tests of the multilevel approach will also be needed. Building eacdogical model,
adding more focus at the community level, and particularly targeting licg pavironment,
should be tested in order to more fully examine the multilevel approach. Raplexa
advocacy components could be added in which resident leaders are trainectodetee role
in helping their site make changes to support walking. These ideng§&kknts could work
with site administrators to start permanent walking groups, ensurexibtang site shuttles
make trips to places for walking (such as malls or parks), and ensuresidants have access
to pedometers and other walking tools. Residents could also be trained t@ Ipseorieaders

and conduct walking groups, maintain programs for residents to continue waitdnajjav for
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on-going stability for walking programs. This is an important piece of tiiélevel approach
that was not tested in the current study. Additionally, future studies sholudera non-active
comparison group and enough sites to conduct multilevel statistical modelisoath account
for clustering.

Future studies would benefit from continued efforts to develop measureshofilthe
environment that are specific to facility-dwelling older adults. Stutligtsaim to improve
walking among older adults should use pedometers for both intervention and meastioes
so that results from different studies can be compared. Using pedomigteremories or
storage capacity and the ability to upload steps would benefit reseansfer tdehnologies
may help improve the types of objective measures that can be utiligedlies with older
adults. For example, GPS are now portable and low cost and could be employedjastiar ob
assessment of where older adults go and which routes they use for walkigigionally,
measures of the “organizational climate” towards physicalifctiithin retirement
communities are needed as such indicators may be potential moderators of phiisitya
interventions that take place in such settings.

Final Conclusions

The results of the current study suggest that a multilevel enhantedgaatervention
is feasible and acceptable to perform among older adults living iemetint facilities. The
multilevel enhanced walking intervention was not more effective thtandard walking
intervention. However, due to many study limitations, such as the inabiéitjust for
clustering and small sample sizes, definitive conclusions regandiltilevel approaches
cannot be made. Larger studies using many more retirement faaifigasuring site variables
that affect walking such as administrator attitudes and environmeatatds, and non-active
comparison groups will help determine the efficacy of multilevel walkiteyventions for

facility-dwelling older adults. The results of this study do underscorienhertance of
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addressing built environment variables for facility dwelling older adulds thus, future

research into multilevel walking interventions for this population aneamted.
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Sample Map of On-Site Walking Routes
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Fredericka Manor Walking Routes

993 steps
1 240-920 steps
575 steps

6/ 0-790 steps
960 steps
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Appendix B

Measures Used in the Study
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Modified Perceived Quality of Life Scale

Please answer the following questions by circling your answers.

Currently, how happy are you with...

111

Extremely | Somewhat | Neither | Somewhat | Extremely
unhappy unhappy | unhappy happy happy
or happy
1. Your physical 1 2 3 4 5
health (the health of
your body)
2. How well you care 1 2 3 4 5
for yourself, for
example preparing
meals, bathing, or
shopping
3. How well you think 1 2 3 4 5
and remember
4. The amount of 1 2 3 4 5
walking you do
5. How often you get 1 2 3 4 5
outside
6. How well you carry 1 2 3 4 5
on a conversation, for
example speaking
clearly, hearing others
or being understood
7. How often you see 1 2 3 4 5

or talk to your family
and friends




Table Continued
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Extremely | Somewhat | Nether | Somewhat | Extremely
unhappy | unhappy | unhappy happy happy
or happy
8. The help you give 1 2 3 4 5
to your family and
friends
9. Your contribution tg 1 2 3 4 5
your community
10. The kind and 1 2 3 4 5
amount of recreation
or leisure you have
11. Your level of 1 2 3 4 5
sexual activity or lack
of sexual activity
12. How respected yo 1 2 3 4 5
are by others
13. The meaning and 1 2 3 4 5
purpose of your life
14. The amount and 1 2 3 4 5

kind of sleep you get




Geriatric Depression Scale

Choose the best answer for how you have felt ovepaseweek:

113

1. | Are you basically satisfied with your life? Yes No

2. Have you dropped many of your activities and interests? Yes NG

3. Do you feel that your life is empty? Yes No

4. Do you often get bored? Yes No

5. | Are you in good spirits most of the time? Yes No

6. | Are you afraid that something bad is going to happen to you? Yeg No

7. Do you feel happy most of the time? Yes No

8. Do you often feel helpless? Yes No

9. Do you prefer to stay at home, rather than going out and doing|nées No
things?

10. | Do you feel you have more problems with memory than most? Ye NoO

11. | Do you think it is wonderful to be alive now? Yes No

12. | Do you feel pretty worthless the way you are now? Yes No

13. | Do you feel full of energy? Yes No

14. | Do you feel that your situation is hopeless? Yes No

15. | Do you think that most people are better off than you are? Ye No




Modified Late Life Function and Disability Instrument
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Please ratbow much difficulty you currently have with each of the following activities. Circle
a number between 1 and 5 for each item below.

Cannot Quitea Some A little No
do lot of difficulty | difficulty | difficulty
difficulty

a. Walking 1 mile,
taking rests as 1 2 3 4 5
necessary
b. Going up or down
a flight of stairs 1 2 3 4 5
c. Carrying
somethmg in _both 1 > 3 4 5
arms while climbing
stairs
d. Getting up from the
floor 1 2 3 4 5
e. Walking several
blocks 1 2 3 4 5
f. Walking on a
slippery surface 1 2 3 4 5
outdoors
g. Stepping up and
down from a curb 1 2 3 4 5
h. Getting into and out
of a car 1 2 3 4 5
i. Stepping on and off
a bus or shuttle 1 2 3 4 5




Use of the Environment to Walk

Currently, how many times per day do you...
1. Go outside your residential building or home?

Never 1 time 2 times 3 times

2. Leave your campus/site grounds?

Never 1 time 2 times 3 times

3. Walk inside your building?

Never 1 time 2 times 3 times 4 times

4. Walk around your facility campus/site grounds?

Never 1 time 2 times 3 times

5. Walk up stairs?

Never 1 time 2 times 3 times

Currently, how many days per week do you...
6. Walk in the local neighborhood?

Never 1 day 2 days 3 days 4 days

7. Walk to an off-site store or shop?

Never 1 day 2 days 3 days 4 days

8. Walkin a mall?

Never 1 day 2 days 3 days 4 days
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4 times 5 times
4 times 5 times
5 times Does not
apply to
me

4 times 5 times

4 times 5 times
5 days 6 days 7 days
5 days 6 days 7 days
5 days 6 days 7 days
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9. Walkin a park?

Never 1 day 2 days 3 days 4 days 5 days 6 days

Please indicate your satisfaction with the following:

10. How satisfied are you with the walking and exercise opportunities asitgpir
Extremely Very dissatisfied Neither Very satisfied Extremely
dissatisfied dissatisfied or satisfied

satisfied
1 2 3 4 5
11. How satisfied are you with walking and exercise opportunities in_your local
neighborhoo@
Extremely Very dissatisfied Neither Very satisfied Extremely
dissatisfied dissatisfied or satisfied
satisfied
1 2 3 4 5
12. How satisfied are you with your access to sediéking routes on site or in your local
neighborhood?
Extremely Very dissatisfied Neither Very satisfied Extremely
dissatisfied dissatisfied or satisfied
satisfied

1 2 3 4 5

7 days



117

Please tell us how often you have walked to or at these places (exanifiedericka Manor
residents):

Place Never Lessthanl | Morethan 1 Daily
time per time per
week week

a. The pond (orange route)

b. Outside Mountain View
loop (blue route)

c. Jasmine Way (pink route

d. Inside Mountain View
loop (purple route)

e. Timken Lodge/Fredericka
Parkway (red route)

f. Downtown Chula Vista
(39 Ave)

g. To the senior center

h. To the library near
Friendship Park

i. To Memorial Park
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Sedentary Behavior

A. On a typical weekday, how much time do you spend (from when you wake up until you go to
bed) doing the following? Please use a check mark to indicate your answer.

None | 15 30 1hr 2hrs| 3hrs| 4hrs 5hrs 6o0r

min min more
or hrs
less

1. Watching

television

(including videos

on VCR/DVD)

2. Sitting listening
to music, talking,
or reading

3. Doing computer
activities (e-mails,
on-line, etc.)

4. Playing board
games, doing
crosswords, or
other games

5. Doing artwork
or crafts

6. Sitting and
driving in a car,
bus, shuttle, or
train




Study Satisfaction

(example for an intervention site)

1. How useful were the handouts in your binder?

Not useful at Not very
all useful
1 2

Somewhat Very useful
useful
3 4
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Extremely

useful
5

2. Please rate how helpful the following study materials/components were:

Did not use

Not
helpful

Helpful

Very
Helpful

a. Maps of residence

1

3

b. Maps of the
neighborhood

c. Step count information
sheets (around your
residence)

d. Step logs and self-
monitoring steps

e. Goal setting sheets

f. Weekly planner

g. Safe walking tip sheets

h. Handouts on health
conditions (pain, arthritis,
COPD, Diabetes)

i. Progress chart

j- Pedometers

Not useful at
all
1

Not very
useful
2

Somewhat
useful
3

3. How useful were the group sessions? Please circle your answer.

Very useful

4

Extremely
useful
5
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4. How useful was the phone health coaching been? Please circle your answer.

Not useful at Not very Somewhat Very useful Extremely
all useful useful useful
1 2 3 4 5

5. Overall, how satisfied are you with this study for helping you incrgasewalking?
Please circle your answer.

Not at all Not very Somewhat  Very satisfied Extremely
satisfied satisfied satisfied satisfied
1 2 3 4 5





