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ABSTRACT

Rantakokko, Merja

Outdoor environment, mobility decline and quality of life among older people
Jyvéskyld: University of Jyvaskyld, 2011, 86 p.

(Studies in Sport, Physical Education, and Health

ISSN 0356-1070; 168)

ISBN 978-951-39-4269-4

Finnish Summary

Diss.

The purpose of the study was to examine the effects of perceived barriers in the
outdoor environment on outdoor mobility and quality of life in older people. In
addition, two new concepts related to outdoor mobility decline, fear of moving
outdoors and unmet physical activity need, were introduced.

This study is based on baseline data (n=727) and follow-up data of the
control group (n=314) used in the SCAMOB (Screening and Counseling for
Physical Activity and Mobility in Older People) project with a total follow-up
time of 3.5 years. Participants were 75- to 81-year-old, community-dwelling
people living in a Jyvaskyld city center neighborhood. Data on perceived bar-
riers in the outdoor environment, perceived walking difficulties, fear of moving
outdoors, unmet physical activity need and quality of life (QoL) were obtained
in face-to-face interviews. Additionally, maximal walking speed was measured
in the study centre.

Perceived barriers in the outdoor environment predicted development of
walking difficulty in the 3.5-year follow-up. Perceived barriers in the outdoor
environment also underlay fear of moving outdoors, which in turn predicted
development of walking difficulty and unmet physical activity need. However,
fear of moving outdoors predicted walking difficulties independently of the
environmental factors. Unmet physical activity need was more common among
ambulatory community-dwelling older people who had health and mobility
problems and reported barriers in the outdoor environment. Barriers in the
outdoor environment which encumbered outdoor mobility increased percep-
tions of fear of moving outdoors and unmet physical activity need, and resulted
in poor QoL in older people.

The results of the present study indicate that reducing barriers in the out-
door environment may help older people to maintain outdoor mobility which is
a prerequisite for independent living in the community. In addition, ways of
overcoming fear of moving outdoors and barriers to physical activity need to be
developed to promote opportunities for physical activity participation, and so
improve quality of life among older people.

Keywords: Outdoor environment, outdoor mobility, mobility decline, quality of
life, older people
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1 INTRODUCTION

Among older people, loss of the ability to move outdoors may threaten their
independent living in the community and participation in social and physical
activities. Outdoor physical activity, particularly walking, plays a key role in
the maintenance of functional independence in old age (Simonsick et al. 2005).

Outdoor mobility requires a certain level of functional capacity along with
the ability to concentrate and react to environmental stimuli. Thus outdoor mo-
bility limitation is among the first signs of the disablement process (Shumway-
Cook et al. 2003). For example, among women, approximately 40% of those
aged 70-79 years, and over 60% of those over 80 years reported restrictions on
their mobility outside the home (Wilkie et al. 2006).

A number of studies have investigated individual risk factors for mobility
decline. These include physiological changes in muscles, physical inactivity,
low socio-economic status, depression and illnesses that have been observed to
predict incident mobility limitation (Penninx et al. 1998, Hirvensalo et al. 2000,
Boyle et al. 2007, Nordstrom et al. 2007). While the individual risk factors for
mobility decline have been widely studied, knowledge of environmental effects
on the development of mobility decline or overall well-being in older people is
rather limited. It has been stated that environmental features can facilitate or
restrict participation in outdoor activities (World Health Organization (WHO)
2001) and older people with mobility limitations report more barriers in their
environment than people without limitations (Shumway-Cook et al. 2003). For
example, environmental features, such as poor street conditions and lighting,
correlate with a lower level of physical activity and walking and higher preva-
lence of outdoor mobility limitation (Booth et al. 2000, Brownson et al. 2001,
Beard et al. 2009a). Although this association has been established in several
cross-sectional studies, it remains unclear whether older people perceive their
environment as challenging because of mobility limitations or whether a chal-
lenging environment leads to mobility decline.

A common cause of avoidance of outdoor activities among older people is
fear. The most widely studied of such fears is fear of falling, which is common
among older people (Austin et al. 2007) and restricts participation also among
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those who have not fallen (Friedman et al. 2002, Fletcher & Hirdes 2004,
Deshpande et al. 2008). It has been suggested that fear of falling may be part of
a more generalized fearfulness (Myers et al. 1996, Lawrence et al. 1998), which
affects people’s possibilities to participate in desired activities. However, fear-
related activity avoidance as a result of mismatch between the environment and
the individual, and its consequences have not been widely studied.

Avoidance of outdoor mobility leads to a situation where opportunities
for physical activity are perceived as diminished. The need for physical activity
is fundamental to human beings of all ages. Because of its health benefits, such
as preventing chronic diseases and related conditions, mobility loss and main-
taining independence in the community (Hirvensalo et al. 2000, Gill et al. 2003,
Boyle et al. 2007), it is recognized that older people need to be encouraged to
maintain and adopt an active life-style (e.g. the Second World Assembly on
Ageing in 2002) (United nations 2002). Some older people may perceive that
they have no opportunities for physical activity, despite their wanting to be
physically active. These older people experience unmet physical activity need,
which is a personal feeling of the adequacy of their physical activity. Physical
activity can be seen as a basic need, which, if not met, may lead to adverse
health events such as depression (Blazer et al. 2007), thus also affecting quality
of life (QoL). However, this issue has not previously been studied.

Quality of life has been used as a main outcome measure in many health
intervention studies. Social relationships, independence, autonomy and health
are frequently mentioned as determinants of QoL in older people (Kalfoss &
Halvorsrud 2009). The importance of the environment for QoL has been ac-
knowledged, even if not yet widely studied. In particular, little research has
been published on the specific environmental features affecting QoL in old age.

Mobility decline in older people is a major public health concern. Mobility
limitations increase the need for health care services and institutionalization
(von Bonsdorff et al. 2006). Current health care policy in Finland favors home
care instead of institutional care. This emphasizes the need to find ways of sup-
porting community mobility and thus preventing home confinement among
people at risk. Knowledge about the environmental barriers to outdoor mobility
and physical activity is important when planning residential areas intended for
recreation by people of all ages. Understanding the factors affecting outdoor
mobility in older adults can help in finding ways to motivate as well as assist
older adults to move outdoors, thus potentially preventing the development of
disabilities and improving well-being in this increasing group of people.

The purpose of this research was to examine the effects of barriers in the
outdoor environment on outdoor mobility decline and quality of life in old age.
In addition, two new concepts related to outdoor mobility, fear of moving out-
doors and unmet physical activity need, are introduced.



2 REVIEW OF THE LITERATURE

2.1 Environmental gerontology

Environmental gerontology studies the relationship between aging persons and
their physical and social environment, and how these relationships shape
health, functioning and quality of life in old age. Aging-related losses in func-
tional capacity have a direct impact on the relationship between the older indi-
vidual and the environment, exposing the older person in particular to envi-
ronmental barriers (Wahl & Weisman 2003).

Ecological model of ageing

The ecological model of ageing (also known as the “Competence-Press model”)
by Lawton and Nahemow (1973) is a widely used model of the person-
environment relationship in environmental gerontology. It considers human
behaviour and well-being to be strongly related to the environment where a
person lives and to her/his capabilities. In the model, a person is seen as a set of
competencies and the environment as a set of demands (Figure 1). Personal
competence can also be seen as functional capacity, including biological health,
sensory functions, motor skills and cognitive functioning. The environmental
component includes the domains of the physical environment, the personal en-
vironment, the small-group environment, the supra-personal environment and
the social or mega-social environment. One important element in the ecological
model of ageing is that for every person there are combinations of individual
capabilities and environmental demands which offer an optimal state of func-
tioning. This is called person-environment (P-E) fit.

According to the docility hypothesis presented in the ecological model of
ageing, people with lower competence are more prone to environmental press
than those with higher competence. When environmental press and individual
competence converge, adaptation can be achieved. When personal competence
is low, the possibilities for adaptive behavior are fewer than when personal
competence is high.
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COMPETENCE

FIGURE1  The ecological model of ageing (Adopted from Lawton & Nahemow 1973).

Disablement process model

The disablement process model by Nagi (1976), later expanded by Verbrugge
and Jette (1994), shows the disablement process pathway from pathology to
disability and is a widely used theoretical model in epidemiological studies.
The main purpose of the model is to describe how chronic and acute conditions
affect functioning and disability and to describe personal and environmental
factors that speed up or slow down the disablement process.

According to the disablement process model, pathology, such as chronic
conditions, leads to impairments such as dysfunction in the musculoskeletal
system, which results in functional limitations like walking difficulties. Func-
tional limitations in turn lead to disability (Figure 2). The disablement process is
a socio-medical model, which also takes into account extra- and intra-individual
factors as well as risk factors that affect development of disability. Intra-
individual factors include lifestyle and behaviour changes, psychosocial attrib-
utes and coping mechanisms, and activity accommodations. Extra-individual
factors include medical care and rehabilitation, medications and other therapeu-
tic regimens, external supports and the built, physical and social environment.
Additionally, it contains risk factors, which are predisposing factors that elevate
the chances for functional limitation and disability when chronic conditions
occur and progress.
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EXTRA-INDIVIDUAL FACTORS

MEDICAL CARE REHABILITATION

(surgery, physical therapy, speech therapy, counseling,
health education, job training, etc.

MEDICATIONS OTHER THERAPEUTIC REGIMENS
(drugs, recreational therapy/aquatic exercise, biofeed-
back/meditation, rest/energy conservation, etc.)
EXTERNAL SUPPORTS

(personal assistance, special equipment and devices,
standby assistance/supervision, day care, respite care,
meals-on-wheels, etc.

BUILT, PHYSICAL & SOCIAL ENVIRONMENT
(structural modifications at job/home, access to build-
ings and to public transportation, improvement of air
quality, reduction of noise and glare, health insurance &
access to medical care, laws & regulations, employment
discrimination, etc.)

}

THE MAIN PATHWAY
PATHOLOGY —»IMPAIRMENTS —» FUNCTIONAL —» DISABILITY
(diagnoses of (dysfunctions and LIMITATIONS (difficulty doing activi-
disease, injury, structural abnor- (restrictions in basic ties of daily life: job,
congenital/ malities in specific physical and mental ~ household manage-
developmental body systems: actions: ambulate, ment, personal care,
condition) musculoskeletal, reach, stoop, climb hobbies, active
cardiovascular, stairs, produce intellig: recreation, clubs, socia-
neurolocigal, etc.) ible speech, see stan- lizing with friends and
dard print, etc.) kin, childcare, errands,
sleep, trips, etc.
RISK INTRA-INDIVIDUAL FACTORS
FACT.ORS . LIFESTYLE & BEHAVIOR CHANGES
Ei;i;iipr;iﬁsg (overt changes to alter disease activity and impact)
demographic, PSYCHOSOCIAL ATTRIBUTES & COPING
social, lifestyle, .. . .
behavioral (positive affect, emotlf)pal vigor, prayer,

! locus of control, cognitive adaptation to one’s
psychological, situation, confidant, peer support groups, etc.)
environmental, ’ ’ T
biological)

ACTIVITY ACCOMMODATIONS
(changes in kinds of activities, procedures for doing
them, frequency or length of time doing them)

FIGURE2 A model of disablement process (Adopted from Verbrugge & Jette 1994).
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There are similarities between the ecological model of ageing and disablement
process model. The person-environment perspective of the disablement process
model emphasizes that the environment and the individual are of equal impor-
tance in the disability process. The environment is seen on the “demand” side
and the person on the “capability” side of the model, similarly as in the ecologi-
cal model of ageing. Both theories emphasizes that disability occurs when there
is misfit between the environment and the individual. In both models a chal-
lenging environment is seen as a threat or as an opportunity to maintain func-
tional capacity.

Although the two theories share similar content, there are a few differ-
ences between them. The disablement process model shows the pathway from
pathology to disability, seeking to explain the temporal order and conceptual
outline of the contributing factors, while the ecological model of ageing shows
the interplay between the individual and the environment from a general per-
spective and sees the relationship as a dynamic process, explaining the mecha-
nisms behind the interaction. In addition, the ecological model of aging has a
strong psychological emphasis, while the disablement process model empha-
sizes the physiological changes. Thus these models support each other and are
used as the framework for this study.

Environmental gerontology at present

The ecological model of ageing was introduced in 1973 by Lawton and Nahe-
mow, and has become a landmark in environmental gerontology (Wahl &
Weisman 2003). Since then, three basic domains of research in environmental
gerontology have emerged: private home environments, planned environments
and residential decisions. Research has also focused on three basic functions
that the environment offers: maintenance, stimulation and support. Wahl and
Weisman (2003), in their review, note that over the last two decades research in
environmental gerontology has been focused more on the private home envi-
ronment and less on the institutional environment. Also, studies of neighbor-
hoods, regions and urban-rural divides are lacking. In addition, causal relations
remain relatively unclear as most studies are based on cross-sectional data
(Kendig 2003, Wahl & Weisman 2003).

Over the last ten years, interest in the association between neighborhood
environments and the health of older people has increased (for reviews, see
Wabhl et al.2009a, Yen et al. 2009) and the role of the home environment in
the disablement process has become an important public health concern
(Wahl et al. 2009a). Recently, environments of ageing have been men-
tioned as one of the research priorities in future aging studies in Europe
[http:/ /futurage.group.shef.ac.uk/] [cited 10.1.2011].
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2.2 Outdoor mobility in old age

2.21 Outdoor mobility and participation in outdoor activities

Mobility is defined as the “ability to move oneself (either independently or by
using assistive devices or transportation) within environments that expand
from one’s home to the neighborhood and to regions beyond” (Webber et al.
2010). This broad definition is related to the definitions issued by the World
Health Organization (WHO 2001) and to life-space mobility by taking into ac-
count the role of the environment on mobility (Stalvey et al. 1999).

Participation restriction refers to “problems an individual may experience
in involvement in life situations” (WHO 2001). Participation restriction in differ-
ent areas of life is common among older adults and the most common area of
participation restriction is mobility outside the home (Wilkie et al. 2006). Re-
strictions in outdoor mobility increase with age; for example, approximately
40% of women aged 70-79 years, and over 60% of women over 80 years re-
ported restrictions in mobility outside the home (Wilkie et al. 2006). Extreme
activity restriction happens when a person is unable to move independently
outside the home and becomes homebound. Being homebound is typically con-
nected with severe disability, but it is also more prevalent among those with
lower socioeconomic status (SES) and older age (Simonsick et al. 1998). In addi-
tion, homebound older people have a very high rate of depressive symptoms
compared to community-living people, who are able to participate in out-of-
home activities (Choi & McDougall 2007).

Going outdoors is a prerequisite for taking care of daily activities, such
as shopping, but also meeting friends and relatives, doing gardening, taking a
walk for physical exercise or attending different events. However, physical ac-
tivity is not the only reason for the health effects of outdoor activity. Contact
with nature, which includes passive interaction, such as sitting on a park bench
as well as active interaction, such as walking and gardening, has positive effects
on mental well-being, which have been studied e.g. among dementia patients
(Bossen 2010). Outdoor mobility also offers possibilities to carry out daily activi-
ties such as shopping (Jacobs et al. 2008), and to participate in social activities
(Kono et al. 2007). On the other hand, close relationships with friends and rela-
tives motivate older people to move outdoors (Mollenkopf et al. 1997). Social
support mediates the effect of physical activity on functional disability (Taylor
& Lynch 2004, Travis et al. 2004). Older people who are more socially engaged
report less disability (Mendes de Leon et al. 2003) and are also more physically
active (Tan et al. 2009), while less frequent social activity predicts decline in mo-
tor functions among older people (Buchman et al. 2009).
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2.2.2 Mobility decline with aging

There are differences in the pace of the disability process between persons. The
onset of disability may be sudden and catastrophic for some and slowly pro-
gressive for others. Sudden disability is usually a result of a traumatic event,
such as a hip fracture or a stroke, while slow progressive functional decline is a
consequence of worsening health conditions, such as arthritis (Guralnik et al.
2001). If disability develops slowly, prior to mobility disability the older person
may have adapted the way of doing a particular task. For example, there might
be changes in task frequency or the time used, or pauses for rest introduced
during task performance. This kind of adaptation is called preclinical mobility
limitation, and it has been found to predict incident mobility limitation and falls
among older people (Fried et al. 2000, Fried et al. 2001, Ménty et al. 2010). It has
also been shown that mobility limitation is a dynamic process with possible
transitions between states of independence and dependency (Hardy & Gill 2005,
Gill et al. 2006, Gill et al. 2010).

Frequency of going outdoors is a good indicator of functional and psy-
chosocial functioning among community-dwelling older people (Kono et al.
2004). People who go outdoors more often are also more likely to maintain bet-
ter physical and mental functioning in later life (Kono et al. 2004, Kono et al.
2007). Those who go out daily, report significantly less musculoskeletal pain,
sleeping problems, urinary incontinence and difficulties in activities of daily
living (ADL) functions (Kono et al. 2007, Jacobs et al. 2008). Walking outdoors
has also been suggested to be protective for cognitive health (Abbott et al. 2004,
Barnes et al. 2007, Prohaska et al. 2009, Suzuki & Murase 2010). Lower frequen-
cy of going outdoors is associated with depressive mood, poor subjective health
and low cognition (Fujita et al. 2006, Kono et al. 2007). Additionally, it may also
lead to institutionalization (Fujita et al. 2006) and increase the risk for mortality
(Inoue et al. 2006). Some studies have suggested that even a small amount of
outdoor activities, e.g. at least once a week, is beneficial for maintaining physi-
cal functioning (Shimada et al. 2009), especially among those who already have
mobility limitations (Simonsick et al. 2005). In addition, low intensity physical
activity, such as taking a short walk or spending time outdoors have been
found to improve quality of life among older people who suffer from dizziness
(Ekwall et al. 2009).

When people get older, they have more mobility limitations and due to in-
creasing mobility limitations, outdoor walking decreases (Simonsick et al. 2005).
According to the Finnish Health 2000 Survey, 82% of men and 77% of women
aged 65 to 74 years reported being able to walk 0.5 km without difficulties.
Among people aged 75 to 84 years the corresponding percentages were 59%
and 47%, while among people over 85 years only 17% of men and of women 18%
reported no difficulties in walking 0.5 km (Koskinen et al. 2004). However, it
has been established that almost one-third of the older women who report mo-
bility limitations also walk regularly outdoors (Simonsick et al. 1999). A recent
study in Finland showed that 70% of community-dwelling men and 40% of
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community-dwelling women aged 81 to 90 years reported walking outdoors for
exercise 2-3 times a week (Makild et al. 2010), while in another study 11% of the
community-dwelling older people aged 65 to 74-years had not participated in
recreational outdoor activities during the last year. The most important con-
straint on outdoor activities was difficulties in moving around in the natural
environment, which was reported by almost half of the men and over 60% of
the women. For older women, lack of company was also an important reason
for not going outdoors (Neuvonen et al. 2004).

Although mobility limitations increase with age, the prevalence of per-
ceived difficulties in mobility has declined at the population level over the last
few decades. In Finland, a comparison between the Mini-Finland Health Survey
(in 1978-1980) and Health 2000 Survey (2000-2001) showed that among people
over 65 years of age, the proportion of those reporting difficulties in walking 0.5
km had decreased from 44% to 28% among men and from 45% to 35% among
women (Aromaa et al. 2004). Also, self-reported ability to move outdoors has
improved, especially among people over age 85 (Pitkild et al. 2001). These im-
provements in mobility may partly be explained by the improvements in over-
all health and SES. Heikkinen et al. (2010) conducted a repeated population-
based cross-sectional study to determine trends in health, functioning and
physical activity in the Finnish population aged 65 to 69 years (Heikkinen et al.
2010). They found that over the last two decades, significant improvements had
taken place in socio-economic status, self-rated health, memory problems, func-
tioning and physical activity. Increased levels of physical activity have also
been noted in other countries. According to the Australian Health Survey, eve-
ryday walking activity has increased over the last decade, especially among
people over 75 years of age (Merom et al. 2009).

2.2.3 Assessment of outdoor mobility decline

The most common form of outdoor mobility among older people is walking
(Mékild et al. 2010). Walking ability can be assessed either by self-reports or by
performance-based measures (Guralnik & Ferrucci 2003). Interviews on self-
reports are easy to carry out e.g. in the home environment or over the telephone,
while performance-based measures are usually carried out under controlled
circumstances. It has been argued that self-reports may lack sensitivity to
change in physical function (Kivinen et al. 1998). Recently no differences have
been found in self-reported versus performance-based measures of physical
functioning, showing that self-reports are as sensitive to change as perfor-
mance-based measures (Latham et al. 2008). In fact, self-reports can be even
more sensitive to functional change than performance-based measures (Fried et
al. 2000, Latham et al. 2008). Self-reports reflect the actual activities that people
engage in their daily life (“do do”), while performance-based measures target
how well people can perform a given task under controlled conditions (“can
do”). Latham and colleagues (2008) suggest that people may be able to ignore
their pain or fatigue during a short-term performance assessment, whereas self-
report captures the effects of pain or fatigue on routine activities (Latham et al.
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2008). Short-term performance tests assess the upper limit of the person’s func-
tioning while self-reports may be viewed as representative of the usual level of
functioning. Thus performance-based and self-report measures of functioning
complement each other in providing information on functional limitations
(Kempen et al. 1996).

Self-report measures

Self-reports of mobility limitations are often collected using questionnaires or
interviews on the respondent’s ability to walk or difficulty in walking certain
distances, such as a quarter of a mile (400 meters), 0.5 km or 2 km (Fried et al.
2001, Guralnik & Ferrucci 2003, Hardy et al. 2010). Additionally, questions
about task modifications may be included to capture early signs of mobility li-
mitation (Fried et al. 2000, Fried et al. 2001, Méanty et al. 2007).

Frequency of going outdoors can be used as an indicator of health and
functional status among older people (Kono et al. 2004). Frequency of going
outdoors takes into account all the activities performed out of the home, such as
shopping, taking a walk or visiting friends, which gives a broad picture of the
respondent’s ability to maintain his or her independence in the community
(Kono et al. 2004, Kono et al. 2007, Jacobs et al. 2008).

To combine assessments of outdoor mobility and the environment, re-
searchers have focused on the concept of life-space mobility (Stalvey et al. 1999,
Baker et al. 2003, Peel et al. 2005). Life-space can be defined as “the size of the
spatial area a person purposely moves through in his/her daily life, as well as
the frequency of travel within a specific time frame” (Xue et al. 2008). Life-space
has proven to be a valid measure of mobility and it can be used to evaluate
transitions in individuals” abilities to live independently (Stalvey et al. 1999,
Baker et al. 2003). Life-space mobility takes into account individual functional
capabilities as well as environmental demands, thus reflecting actual mobility
performance (Stalvey et al. 1999). It also includes compensatory strategies, as
older persons with mobility limitations may not necessarily restrict their life-
space if they find ways to compensate for difficulties, e.g. by using mobility de-
vices.

Performance-based measures

A commonly used performance-based objective measure of mobility is walking
speed, which has been shown to be a reliable and valid measurement of func-
tional performance in older people (Guralnik et al. 2000, Guralnik & Ferrucci
2003). Walking speed can be measured by maximal walking speed (Aniansson
et al. 1980, Latham et al. 2008,) or by habitual walking speed (Cesari et al. 2005)
over different distances, usually 6 or 10 meters. Habitual walking speed shows
the normal performance level in daily life while maximal walking speed shows
the individual’s ability to react in more demanding tasks, such as crossing a
street. Longer distance walking tests, such as the 6-minute walking test and the
long corridor walk, provide information on aerobic capacity (Simonsick et al.
2001, Simonsick et al. 2008). Studenski et al. (2011) showed recently that walk-
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ing speed over 4 meters is informative and easily implemented in practice and
can be used to identify older adults with increased mortality risk. They also
suggested that gait speed is more informative among older people who do not
have mobility limitations and less informative among those who already have
difficulties in mobility (Studenski et al. 2011). During recent years, more interest
has been paid to habitual walking speed, which has been found to be sensitive
in discriminating mobility limitation levels among older people (Kim et al.
2009).

In addition to measurement of walking speed, observation of gait patterns
provides information about walking ability and also an opportunity to evaluate
different components of impaired walking. There are several known age-related
changes in gait patterns, such as decrease in walking speed, step length and
foot elevation, and increase in double-support time (Bock & Beurskens 2010, Ko
et al. 2010). It has been found that gait patterns differ according to the walking
environment. For example, when walking in a laboratory, step duration is long-
er than when walking outdoors in the park (Bock & Beurskens 2010).

2.2.4 Assessment of environmental barriers to and facilitators of outdoor
mobility

WHO defines an environmental barrier as an environmental factor with a nega-
tive influence on activity and an environmental facilitator as an environmental
factor with a positive influence on activity (WHO 2001). These definitions in-
clude perceived as well as objective factors. Environmental barriers are often
connected to accessibility, which refers to an “encounter between the person’s
or group’s functional capacity and the design and demands of the physical en-
vironment” (Iwarsson & Stahl 2003, p.61). An accessible environment is an envi-
ronment in which an individual with any impairment can function indepen-
dently. The term usability is often used interchangeably with accessibility.
However, while accessibility includes both the individual and environmental
domains, usability adds the component of activity, and takes into account user
evaluation of the possibilities to use the environment. Thus accessibility may be
seen as a precondition for usability. A broader term, including the idea of acces-
sibility, is Design for All (DfA) (also known as universal design), which means
designing environments, products and services so that they are accessible to all
people, irrespective of age, gender or functional ability. When focusing on the
design of environments, design for all means the best approximation of the en-
vironmental aspects that meet the needs of the maximum amount of people.
DfA is mostly about changing attitudes throughout society and describes a
process more than a definite result (Iwarsson & Stahl 2003).

To investigate environmental barriers to and facilitators of outdoor mobili-
ty, self-reports and objective measures of environment have been used. No sin-
gle instrument of environmental measurement exists that could be consistently
applied in all situations. Self-reports on the environment include perceptions of
barriers or supportive features in the nearby environment. The benefit of self-
reports is that they reflect the physical environment which the respondent uses.
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Only a few self-report questionnaires are, however, specifically targeted at old-
er people. The self-report assessment tool called the ‘Environmental Analysis of
Mobility Questionnaire’” (EAMQ) (Shumway-Cook et al. 2003) has been found
to be a reliable and valid measure of environmentally determined mobility dis-
ability among older people (Shumway-Cook et al. 2005). Another self-report
instrument, ‘Home and Community Environment’ (HACE), designed to assess
barriers and facilitators in discrete environmental domains, has been tested for
construct validity among older community-living people (Keysor et al. 2005). So
far, neither of these measurement tools has been used in Finland.

Objective measures of the environment give accurate information on e.g.
residential density, street connectivity and distances to services and other pub-
lic facilities. One of the most popular objective environment assessment method,
or tool, is the ‘Geographic Information System” (GIS) (Chang 2008). The GIS is a
computer system that captures, stores, analyzes and displays geographically
referenced data that describes the location and characteristics of spatial features.
The GIS has been used, for example, in transportation planning and increasing-
ly also in health studies (Chang 2008). A simpler, objective measurement tool is
direct neighborhood observation, which involves systematic documentation of
neighborhood characteristics that may have positive or negative implications
for residents” health. Assessment can be conducted by using a ‘Neighborhood
Observational Checklist” (NOC) in which the observer indicates whether certain
environment items are present or absent (Zenk et al. 2007). This method is easy
to translate for use in different countries. The problem with objective measures
has been that they give accurate data on the environment but do not take into
account the person who is using the environment. Thus they do not give an ex-
act picture of the environment that is meaningful for and used by the resident.

The “‘Housing Enabler’ is an observational assessment instrument that was
designed to assess problems in housing accessibility, and it offers a possibility
to study the relationship between environmental barriers and individual capa-
bilities (Iwarsson 1999). The Housing Enabler focuses on the home environment
and does not assess outdoor environments besides the immediate surroundings
of the home. As a result, the Housing Enabler gives a total accessibility score,
which reflects the P-E fit. The Housing Enabler has been used in several Euro-
pean countries and has been translated into English, German, Hungarian, and
Latvian. Recently, a cross-Nordic version was collaboratively developed by
Sweden, Finland, Denmark and Iceland (Helle et al. 2010). However, the use of
the Housing Enabler requires careful rater training and conducting the assess-
ments take a long time. Instrument-specific software is available, which speeds
up the assessment process.

In spite of the growing body of literature on environmental features,
knowledge about the validity of self-reported environmental barriers as com-
pared to objective assessments is limited. A few studies have shown, however,
that differences between measures may be due to individual differences, as
people without recent experiences of their environment, as well as those who
are physically inactive, overweight and have lower SES, more often have mis-
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match between the perceived and objectively measured environment (Finge &
Iwarsson 2003, Gebel et al. 2009), whereas perceived and objectively measured
environmental barriers resemble each other if the respondent has recent expe-
riences of the environment under study (Fange & Iwarsson 2003).

2.2.5 Individual predictors of outdoor mobility decline

In the disablement process model (see page 15), Verbrugge and Jette outline
intra-individual and extra-individual factors that can either reduce or increase
functional limitations. While the main pathway emphasizes the physiological
process, intra-individual factors focus on lifestyle and behavioral changes, psy-
chosocial attributes and coping, and activity accommodations. In addition, pre-
disposing characteristics, such as demographic, social, lifestyle, behavioral and
psychological characteristics, can affect the severity of functional limitation
(Verbrugge & Jette 1994). Depression, SES and fear may be viewed as examples
of the intra-individual factors affecting functioning.

Depressive symptoms

Depressive symptoms include emotions such as depressive mood, feelings of
guilt and worthlessness, feelings of helplessness and hopelessness, but also loss
of appetite and sleeping disturbances (Radloff 1977), and can be seen as an ex-
ample of the psychosocial attributes and coping posited in the disablement
process model (Verbrugge & Jette 1994). The prevalence of depressive symp-
toms among community-dwelling older people range from 8% to 16%, but ma-
jor depression, also called clinical depression, among older people is relatively
rare, ranging from 1% to 4% (Blazer 2003). Major depression can be diagnosed,
if the symptoms are long lasting and if many of the depressive symptoms occur
simultaneously. Depressive symptoms are more frequent among the oldest old,
but the relationship between depression and age can be explained by the higher
proportion of women, and by the presence of physical disability, more cogni-
tive impairments and lower SES (Blazer 2003).

Penninx et al. (1998) studied the impact of depressive symptoms on
change in physical performance in community-dwelling older people over 4
years. They found that depressive symptoms were predictive of subsequent
decline in physical performance. One possible explanation for this association
was that people with depressive symptoms are less engaged in walking, gar-
dening, or vigorous exercise (Penninx et al. 1998). Other studies have also
shown that depressive symptoms increase the risk for outdoor activity restric-
tion (Wilkie et al. 2007, Rosqvist et al. 2008); however, it is also the case that ac-
tivity restrictions increase depression (Lampinen et al. 2000, Choi & McDougall
2007). For example, it was found recently that daily walking was associated
with a lower risk for 8-year incident depressive symptoms among Japanese-
American men (Smith et al. 2010), that a high level of depressive symptoms
prevailed among stroke survivors who had given up traveling by public trans-
port (Wendel et al. 2008), and that depression increased in older people who
had given up other meaningful activities (Duke et al. 2002, Benyamini & Lo-
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mranz 2004). People with mobility limitations report more depressive symp-
toms than persons with only mild or no mobility limitations (Hirvensalo et al.
2007). Negative experiences of the environment as well as sociodemographic
characteristics may also predispose older people to depression (Hybels et al.
2006, Beard et al. 2009Db).

Socioeconomic status

Socioeconomic status is a combined term which has been used to describe a
person’s income, occupation and education level and can either reduce or in-
crease functional limitations, thus reflecting the intra-individual factors posited
in the disablement process model (Verbrugge & Jette 1994). A number of stu-
dies have reported that people with low SES, that is, people who have less edu-
cation and a poor financial situation, have more mobility limitations than
people with higher SES (Avlund et al. 2004, Nordstrom et al. 2007, Sainio et al.
2007, Lang et al. 2008a, Nilsson et al. 2010). Additionally, people with lower SES
are less physically active and give lower self-ratings of their health than people
with higher SES (Wilson et al. 2004, Borodulin et al. 2008).

A recent Danish study showed that financial assets are associated with on-
set of mobility disability (Nilsson et al. 2010). The researchers suggest that psy-
chosocial and behavioral factors (e.g. smoking, physical inactivity, obesity) as
well as work history and chronic conditions may explain the association (Nils-
son et al. 2010). A Finnish study found that morbidity, obesity, smoking and
physical workload are on the pathway from low education to mobility limita-
tion (Sainio et al. 2007).

It has been suggested that home ownership and financial assets are the
best indicators of SES in predicting functional ability (Robert & House 1996,
Grundy & Glaser 2000, Avlund et al. 2004). Those who live in rented apart-
ments are more likely to have problems with the activities of daily living (Rau-
tio et al. 2006) and also have higher risk for institutionalization (Wang et al.
2001) than those living in their own apartment. Home ownership has in many
cases been used as a social indicator (Grundy & Glaser 2000, Rautio et al. 2006),
but it is informative, among other things, about life control, and seems to be a
more important factor than current income (Grundy & Glaser 2000).

Besides the individual’s SES, the sociodemographic and housing charac-
teristics of their neighbourhood have an effect on residents’ wellbeing.
Neighbourhood SES can be defined on the basis of mean household income,
percentage of post-secondary education graduates and percentage of low in-
come households in certain neighbourhoods (Grant et al. 2010). Kamphuis et al
(2009) found in their study that unfavourable neighbourhood conditions (i.e.
poor aesthetics) explained the association between individual SES and less out-
door walking. Low income, poor housing stock and residential instability in-
crease the number of neighbourhood problems (Balfour & Kaplan 2002). Those
who live in disadvantaged neighbourhoods, report significantly worse health
status, and are physically less active, than those in advantaged areas (Ross &
Mirowsky 2001). Low SES neighbourhoods have greater distances to services
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and more traffic noise, while higher SES neighbourhoods have more possibili-
ties for walking, for example better walking routes and more parks, which af-
fects the outdoor walking activity among older people (Grant et al. 2010). This
might help to explain why neighbourhood deprivation has a significant effect
on the development of mobility difficulties in older people (Lang et al. 2008b,
Beard et al. 2009a).

Fear

Fear is a distressing emotion, usually aroused by impending danger, whether
the threat is real or imagined. Fear is an example of negative affect resulting
from mismatch between environmental press and individual competence
(Lawton & Nahemow 1973). Among older people, one major feature that leads
to avoidance of outdoor activities is fear. Most commonly reported fears among
older people are fear of falling and fear of crime (Murphy et al. 2002, Delbaere
et al. 2004, Martin et al. 2005, Stafford et al. 2007, Zijlstra et al. 2007, Foster &
Giles-Corti 2008, Roman & Chalfin 2008). Previous studies have shown that fear
is common, especially among older women, and that fear correlates with factors
such as low SES and poor health (Murphy et al. 2002, Delbaere et al. 2004,
Zijlstra et al. 2007, Scheffer et al. 2008).

Fear of falling has been defined as a lasting concern about falling that
leads to avoidance of activities that the person is capable of performing (Tinetti
& Powell 1993). For example, fear may restrict participation in physical activity
(Murphy et al. 2002, Martin et al. 2005, Wijlhuizen et al. 2007, Zijlstra et al. 2007)
and thus lead to decline in physical capabilities (Cumming et al. 2000, Delbaere
et al. 2004). This can be explained by the self-efficacy theory, which suggests
that people tend to avoid situations that they believe exceed their coping skills
(Bandura 1977). Self-efficacy, which is seen as central in explaining fearful and
avoidant behavior (Bandura 1977), is also very important internal characteristic
for outdoor mobility (Booth et al. 2000, Kono et al. 2004, Lord et al. 2010).

Some studies of fear of falling have proposed that this particular fear
might be part of a more generalized psychological disorder (Murphy et al. 2002)
or generalized fearfulness (Lawrence et al. 1998), which suggests that fear-
related avoidance of activities should be examined from a more general point of
view, rather than focusing on either fear of falling or fear of crime. Thus far, a
general fear or avoidance of walking outdoors has been suggested to be a con-
sequence of crime and disorders in the neighborhood (Roman & Chalfin 2008),
with the result that features of the physical environment have been neglected,
despite the fact that environmental barriers may cause insecurity when moving
outdoors and so predispose older people to avoid outdoor activities.

2.2.6 Physical activity - a basic need

Physical activity is defined in a broad sense as “any bodily movement produced
by the skeletal muscles that results in an expenditure of energy” (Caspersen et
al. 1985). The American College of Sport Medicine and the American Heart As-
sociation produced recommendations for physical activity for older people
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(Nelson et al. 2007) which were formulated with the aim of promoting or main-
taining health by reducing the risk of chronic conditions, functional limitations
and disability. However, these recommendations do not take into account per-
sonal experience of the adequacy of the physical activity engaged in. The major-
ity of older community-dwelling people wish to increase their level of physical
activity, especially if they have mobility limitations (Leinonen et al. 2007, Rasi-
naho et al. 2007). However, a substantial proportion of them also feel that they
lack the opportunity to do so. This situation leads to unmet need for physical
activity, which is the feeling that one’s level of physical activity is inadequate,
and is therefore distinct from the amount of physical activity recommended as
sufficient for good health.

Physical activity can be considered as a basic human need for human. A
basic need, in general, may be defined as “an energizing state that, if satisfied,
conduces toward health and well-being but, if not satisfied, contributes to ill-
being” (Ryan & Deci 2000) . Inadequately met basic needs predict depression
(Blazer et al. 2007), problems in physical functioning (Sachs-Ericsson et al. 2006)
and mortality (Blazer et al. 2005). Studies have shown the prevalence of differ-
ent disturbing behaviors among institutionalized people who are not able freely
to move outdoors, and who are probably experiencing unmet need for physical
activity. For example, a common behavioral disorder among institutionalized
dementia patients is agitation, which is a generalized term for disruptive beha-
viors such as wandering and repeated vocalization. Many studies have found
that access to outdoor environments decrease agitation (Cohen-Mansfield 2007,
Connell et al. 2007, Detweiler et al. 2008), while physical inactivity increases
stress and agitation (Scherder et al. 2010) among institutionalized older people
with dementia.

Previous research in the field of unmet needs among older people has
been limited almost entirely to the needs of care, health services, personal assis-
tance and economic security (Desai et al. 2001, Iliffe et al. 2004, Blazer et al. 2005,
Sachs-Ericsson et al. 2006, Blazer et al. 2007, Lee 2007). Some earlier research
exists on unmet need of physical activity but it is focused on children and ex-
amines whether children meet recommendations laid down for physical activity.
Unmet need for physical activity as a personal experience among older people
has been ignored in research.

2.3 Environmental factors and outdoor mobility decline

Environment and physical activity

In this study the focus is on the outdoor physical environment, which refers to
the neighbourhood area inclusive of the natural and built environment. Previ-
ously it has been stated that environmental features can either facilitate or re-
strict participation in outdoor activities (WHO 2001) and that environmental
conditions affect outdoor physical activity, especially in older adults (Shum-
way-Cook et al. 2003). Sugiyama and Ward Thompson (2007) studied the me-
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chanisms underlying the association between environment and health among
people over 65 years of age. They found that neighborhood environments con-
tribute to health in two ways: by providing opportunities to be physically active
and by providing possibilities for social interaction (Sugiyama & Ward Thomp-
son 2007).

It has been found previously that safe footpaths for walking (Booth et al.
2000, Li et al. 2005), presence of sidewalks (Brownson et al. 2001, Spence et al.
2006, Christensen et al. 2010,) and living within walking distance of accessible
facilities are positively associated with physical activity (Booth et al. 2000, King
et al. 2005, Li et al. 2005, King 2008, Nagel et al. 2008, Grant et al. 2010). On the
other hand, it has also been found that barriers in the outdoor environment,
such as poor street conditions and inadequate lighting, correlate with a lower
level of physical activity and walking and a higher prevalence of outdoor mo-
bility restriction (Booth et al. 2000, Brownson et al. 2001, Hooker et al. 2005,
Mota et al. 2007).

A recent American study of people aged 18-64 with and without disabili-
ties showed that people with disabilities engage less in physical activity than
people without disabilities, but that positive perceptions of the environment
have similar effects on physical activity participation for both. The most mea-
ningful feature in the environment, in terms of physical activity participation,
for people with disabilities was the presence of sidewalks. For people without
disabilities, recreation facilities, trails and parks were most meaningful (Chris-
tensen et al. 2010). Enjoyable scenery and walkable green and open spaces near
the homes are positively associated with walking activity among older people
(Brownson et al. 2001, Li et al. 2005, Spence et al. 2006), although among mid-
dle-aged people, such an association was not found (Hillsdon et al. 2006, Maas
et al. 2008). In addition, a recent review showed that physical activity in natural
environments has more health effects than physical activity in a built indoor or
outdoor environment (Bowler et al. 2010). However, the studies in question
comprised people under age 65, and consequently the results cannot be general-
ized to the older population.

Environment and functional capacity

Previous studies have shown an association between environmental features
and functional capacity, but most of these studies are cross-sectional and only a
few are prospective. However, in cross-sectional studies it has been shown that
people with mobility limitations report more barriers in their environment than
people without limitations (Shumway-Cook et al. 2003). This topic has been
studied in particular in different patient groups, such as people with osteoarth-
ritis (Keysor et al. 2010, White et al. 2010), spinal cord injury (Whiteneck et al.
2004b), and stroke (Rochette et al. 2001). Shumway-Cook et al. (2002) studied
environmental demands associated with community mobility among older
people with and without mobility limitations. They found no differences in en-
countering challenges of distances, traffic density, light levels and weather con-
ditions between those with and those without mobility limitations. However,
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those with mobility limitations encountered more challenges with e.g. manual
doors, carrying packages, and terrain, such as stairs or uneven surfaces (Shum-
way-Cook et al. 2002). Clarke and George (2005) studied the role of the built
environment in the pathway from functional limitation to disability among
older Americans, focusing on lower extremity functions. They found that de-
spite declining physical function, older adults reported greater independence in
IADL functions if they lived in an environment with more land-use diversity,
which was suggested to support active living (Clarke & George 2005).

Some studies have shown that environmental barriers per se are not asso-
ciated with ADL dependence; instead, person-environment interaction, P-E fit,
is the important feature linking them and its importance grows stronger with
advancing age (Werngren-Elgstrom et al. 2008). Clarke and colleagues (2009)
studied long-term trajectories of mobility disability over 15 years and found
that pedestrian-friendly environments are associated with lower risk for having
mobility limitations in old age (Clarke et al. 2009). Balfour and Kaplan (2002)
studied development of overall functional loss among people over 55 years of
age over one year. They found that barriers in the outdoor environment, such as
poor street conditions, poor lighting and heavy traffic increased the risk of func-
tional loss, especially in the lower extremities (Balfour & Kaplan 2002). Similar
results were found among middle-aged African Americans (Schootman et al.
2006).

2.4 Outdoor environment and quality of life in old age

For over three decades, quality of life (QoL) has been used as a broad outcome
measure in health studies (Gill & Feinstein 1994, Halvorsrud & Kalfoss 2007).
Although widely studied, there is no universally accepted definition of QoL.
Many studies have referred to the definition of QoL as “individuals” perception
of their position in life in the context of the culture and value systems in which
they live and in relation to their goals, expectations, standards and concerns”
given by the World Health Organization (WHO Quality of Life group 1995). In
the recent literature, QoL is typically seen as a multidimensional entity which
includes domains such as health and symptoms, mood, functioning, life satis-
faction and participation (Netuveli et al. 2006, Levasseur et al. 2008b). Lawton
(Lawton 1991) defined QoL as “the multidimensional evaluation, by both in-
trapersonal and social-normative criteria, of the person-environment system of
an individual in time past, current, and anticipated”. The present study is
guided by this definition.

Social relationships, independence and autonomy, health, and financial is-
sues are frequently mentioned as determinants of QoL in older people. Addi-
tionally, ability to move around, sensory abilities, and home environment are
mentioned as very important for QoL (Kalfoss & Halvorsrud 2009). The impor-
tance of the environment for QoL has been acknowledged, even if not yet
widely studied (Sugiyama & Ward Thompson 2005, Cutler 2007, Wahl et al.
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2009b). Thus far, studies have been limited to comparing differences in QoL
according to types of housing, such as those living in institutions and those liv-
ing at home. These studies have shown lower QoL scores among those living in
assisted living facilities or nursing homes than those living in ordinary housing
(Cutler 2007, Bodur & Dayanir Cingil 2009, Karakaya et al. 2009). Less is known
about the association between specific features of the outdoor environment and
QoL in older community-dwelling people in general. One recent study showed
that fewer barriers in the physical environment predicted good QoL, but did
not specify the most severe environmental barriers (Levasseur et al. 2008b). A
study among people with spinal cord injuries showed that negative environ-
mental factors decreased their possibilities to move outdoors, thus having nega-
tive effects on life satisfaction (Whiteneck et al. 2004a). However, similar studies
have not been carried out among older people.

Although the association between the environment and QoL has not been
widely studied, knowledge of the benefits of moving outdoors for overall well-
being in older people has increased (Kono et al. 2004, Simonsick et al. 2005). For
example, restrictions on participation in out-of-home activities and having to
give up meaningful activities reduce QoL (Clarke et al. 2000, Ekstrom et al. 2008,
Levasseur et al. 2008a). In their recent literature review, Abraham and col-
leagues (2010) suggest, that to promote health, the most important environmen-
tal aspects are easy access to natural environments and the availability of green
areas. Additionally, perceptions of the environment as pleasant, attractive and
safe are important for general well-being (Abraham et al. 2010).

Natural environments offer multisensory stimulation for the physical,
emotional, psychological and cognitive domains. To have experiences of natural
environments, people do not necessarily have to walk in those environments, as
even passive interaction with the environment has positive health effects, espe-
cially for older people with dementia (Bossen 2010). Relaxing and restorative
effects of natural environments have been observed in many studies among
adult populations. Recovery from the stress is faster and more complete when
the subject is exposed to natural rather than urban environments (Ulrich et al.
1991).

2.5 Summary and study concepts

251 Summary of the literature review

Moving outdoors is a prerequisite for taking care of daily activities, such as
shopping, but also for meeting friends and relatives, doing gardening and tak-
ing a walk for physical exercise or attending different events. Outdoor mobility
limitation is common among older people and increases with advancing age
(Simonsick et al. 2005, Wilkie et al. 2006). Individual features related to outdoor
mobility have been widely studied, but knowledge of the environmental effects
on the development of mobility decline and quality of life in older people is in-
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sufficient. Commonly reported barriers to mobility in the outdoor environment
include e.g. poor lighting, uneven sidewalks, busy traffic and lack of benches
(e.g. Balfour & Kaplan 2002, Stahl et al. 2008). Although there is some evidence
that barriers in the outdoor environment have an effect on participation in
physical activities (Booth et al. 2000), mobility decline (Balfour & Kaplan 2002)
and quality of life (Levasseur et al. 2008b) in older people, most studies have
focused on people under age 65 or have only carried out cross-sectional analys-
es, thus being unable to confirm the temporal order of the associations. More
prospective studies are needed to evaluate the role of the environment in the
disablement process.

A common cause for avoiding outdoor mobility in old age is fear. The
most commonly studied fear is that of falling. Fear may decrease the perceived
opportunities for moving outdoors, potentially leading to unmet physical activ-
ity need. Physical activity can be seen as a basic need, which, if not met, may
lead to adverse health events. The inability to perform desired activities may
also affect the individual’s quality of life.

2.5.2 Study concepts

In the present study, perceived barriers to outdoor mobility represent “the envi-
ronmental press”, which in the disablement process model are seen as the extra-
individual factors that are threats to functional capacity. Personal competence is
studied in terms of walking ability, health status and mood. The imbalance be-
tween the environment and the individual, which Lawton and Nahemow (1973)
referred to as maladaptation, are shown in the present study as fear of moving
outdoors and unmet physical activity need.

In the present study, outdoor mobility refers to walking that takes place
outside of the home, thus leaving transportation and wheelchairs outside the
study. Outdoor mobility decline refers to increase in perceived walking difficul-
ties or loss of walking ability, which in the disablement process model are seen
as functional limitations. Two outdoor mobility tasks, walking 2 km and 0.5 km
which express different stages of mobility decline, are examined.

Quality of life is used as a global outcome of the relationships between
barriers in the outdoor environment and outdoor mobility decline, fear of mov-
ing outdoors and unmet physical activity need.

Table 1 shows the definitions of the central concepts used in the study
grouped according to the ecological model of ageing.
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TABLE 1 Definitions of the central concepts of the thesis grouped according to the eco-
logical model of ageing

Concept

Definition and reference

Environmental demand
Perceived barriers in the
outdoor environment

(L IL 111, IV)

Individual Capabilities
Outdoor mobility
(I, 11, II1)

Outdoor mobility
decline (I, II)

In this thesis physical environment refers to the natural
and built environment near the participant’s home.

Perceived barriers in the outdoor environment are fea-
tures in the physical environment with a negative influ-
ence on activity (WHO 2001)

Ability to move oneself within environments that ex-
pand from one’s home to the neighborhood and to re-
gions beyond (Webber et al. 2010)

In this thesis outdoor mobility decline refers to increase
in perceived walking difficulties or loss of walking abili-

ty

Interaction between environment and individual

Physical activity
(I, 1II)

Unmet physical activity

need (III, IV)

Fear of moving

outdoors (II, 111, IV)

Outcome
Quality of Life (IV)

Any bodily movement produced by skeletal muscles
that result in an expenditure of energy (Caspersen et al.
1985)

Unmet physical activity need is a feeling that one’s level
of physical activity is inadequate. Basic need is an ener-
gizing state that, if satisfied, conduces toward health
and well-being but, if not satisfied, contributes to ill-
being (Ryan & Deci 2000)

An emotional condition that can lead to avoidance of
outdoor activities that are well within a person’s func-
tional health capacity

The multidimensional evaluation, by both intrapersonal
and social-normative criteria, of the person-environment
system of an individual in time past, current, and antici-
pated (Lawton 1991)




3 AIM OF THE STUDY

The purpose of the study was to examine effects of barriers in the outdoor envi-
ronment on outdoor mobility decline and quality of life among older people.
Specifically, the purpose was to examine:

1.

Is there an association between perceived barriers in the outdoor envi-
ronment and development of walking difficulty? (I)

What individual and environmental factors are associated with fear of
moving outdoors and does fear of moving outdoors predict incident
outdoor walking decline? (II)

What individual and environmental factors are associated with unmet
physical activity need and does fear of moving outdoors and barriers
in the outdoor environment predict development of unmet physical ac-
tivity need? (III)

How are barriers in the outdoor environment associated with quality
of life among older people and do fear of moving outdoors and unmet
physical activity need play a role in this association? (IV)



4 DATA AND METHODS

4.1 Study design and participants

The data for the study come from the Screening and Counseling for Physical
Activity and Mobility in Older People (SCAMOB) project. The SCAMOB project
investigates the effects of physical activity counseling among community-
dwelling older people in the city of Jyvaskyld. Jyvaskyld is a city in Central Fin-
land with a population of almost 130 000. The city’s landscape is characterized
by extensive areas of lakes, high hills covered with forests and high ridge in the
middle of the city.

The target population of the study comprised all community-dwelling 75-
to 8l-year-old residents living in the city centre area of Jyvaskyld, Finland
(N=1310) in March 2003. The contact information was gathered from the Fin-
nish population register. A letter informing about the study was sent to all po-
tential participants and soon after receipt of the letter they received a brief
phone call from the study centre, in which they were asked about their health,
physical activity and mobility as well as their willingness to participate in the
study. 1100 persons were reached and 17% of them were excluded because they
were either too physically active or had excessively impaired mobility. In addi-
tion, some refused to continue at this point. A total of 727 people (188 men and
539 women, mean age 77.6 (standard deviation, SD=2.0) years) were willing to
participate in study and were interviewed in their homes. To be eligible for the
study, participants had to be able to walk 500 meters without help from another
person, be only moderately physically active or sedentary (at most 4 hours of
walking or 2 hours of other exercise weekly), have a Mini-Mental State Exami-
nation (MMSE) score > 21 and have no medical contraindications for physical
activity (Leinonen et al. 2007). Of the 727 participants who were interviewed at
home, 657 participated in physical assessments and interviews conducted by a
nurse examiner in the study centre. After the baseline interviews and examina-
tions, 632 people agreed to take part in a randomized controlled trial and were
randomized into an intervention and a control groups.
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In the present study, baseline interview data (n=727) were used for the
cross-sectional analyses and data from the control group (n=314) were used to
follow up the naturally occurring changes in mobility. After the baseline face-
to-face interviews, telephone interviews on mobility were carried out 3 times at
6-month intervals. Face-to-face interviews were conducted again at the 2-year
follow-up point and telephone interviews again 3 times at 6-month intervals.
Thus, the overall follow-up period was 3.5 years.

For prospective analyses on the development of perceived difficulty in
walking 2 km or 0.5 km, those participants who reported no difficulty in these
tasks at baseline (walking 2 km, n=214; walking 0.5 km, n=266) were included.
The drop-out rate in the control group over the 3.5 years was 14% (45 persons).
Of these, 18 died, 16 declined, 8 dropped out because of poor health, 1 moved
and 2 persons were not reached.

4.2 Ethics

The SCAMOB project was approved by the Ethical Committee of the Central
Finland Health Care District. The participants were informed about the research
and signed an informed consent. The study was conducted according to the
guidelines for good scientific and clinical practice laid down by the Declaration
of Helsinki.

4.3 Measurements

4.3.1 Barriers in the outdoor environment

Barriers in the outdoor environment were examined as perceived by the partic-
ipants by using standardized questions. That is, the participants were asked
whether certain environmental features impacted negatively on their possibili-
ties for moving independently outdoors, with the answer options yes/no. This
provided a subjective view of the outdoor environment and features of the
walking routes the participants used. The environmental features asked about
were poor street conditions, hills in the immediate environment, long distances
to everyday services (e.g. shops, banks), lack of resting places, noisy traffic and
dangerous crossroads.

In the analyses environmental barriers were used one at a time (Papers II-
III) or combined (Papers I and IV). For the combined variables, the information
on lack of resting places and long distances was merged and recoded to form
the variable Distances; noisy traffic and dangerous crossroads were recoded as
Traffic; and hilly terrain and streets in poor condition were recoded as Terrain.
For the purpose of Paper I, these three new variables were dichotomized. For
each of the three constructed variables, 0 indicates that neither of the barriers
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were reported, and 1 that one or both of the barriers in the respective variable
were present.

In Paper 1V, the range of each variable was set to 0, 1 or 2. For each of the
variables (Distances, Traffic and Terrain) 2 indicates that both barriers were re-
ported, and 0 that neither and 1 that one of the barriers in the respective varia-
ble was present.

4.3.2 Walking difficulty

Walking difficulty was studied using a structured interview on perceived diffi-
culties in walking 2 km and 0.5 km. The questions were formulated as follows:
“Do you have difficulty in walking 2 km?” and “Do you have difficulty in walk-
ing 0.5 km?”, with the following response options: (1) I am able to manage
without difficulty, (2) I am able to manage with some difficulty, (3) I am able to
manage with great deal of difficulty, (4) I am able to manage only with the help
of another person, and (5) I am unable to manage even with help. For the ana-
lyses, perceived difficulties in walking was dichotomized into “no difficulties”
(1) and “difficulties” (2-5). Difficulties in walking 2 km and 0.5 km express dif-
ferent stages of mobility decline, thus allowing the influence of the environment
on the progression of early and advanced mobility limitation to be studied.

4.3.3 Fear of moving outdoors

We created a variable to describe fear of moving outdoors. This variable was
based on two questions included in a larger questionnaire on outdoor mobility.
In the first question, participants were asked to choose from a list of items all
those which described their situation. Participants who agreed with the state-
ment “I have feelings of insecurity when moving outdoors” were considered to
have fear of moving outdoors. In addition, participants were asked if they avoid
moving outdoors and, if so, to write down their reasons for avoiding going
outdoors. Those who reported that they avoid moving outdoors for reasons that
could be categorized as perceived elements of danger, insecurity due to other
pedestrians or fear were also considered to have fear of moving outdoors. Peo-
ple reporting other reasons for not going outdoors, such as poor vision, were
not categorized as having fear of moving outdoors. To be categorized as having
fear of moving outdoors, the participant had to report either feelings of insecu-
rity when moving outdoors, or avoid moving outdoors because of perceived
elements of danger, insecurity due to other pedestrians or fear, or both.

4.3.4 Unmet physical activity need

Unmet physical activity need was studied by the question “Do you feel that you
would have the opportunity to increase your level of physical activity level if
someone recommended you do so?” and “Would you like to increase your level
of physical activity?”, with the response options yes/no. Persons who felt that
they had no opportunity to engage in physical activity despite being willing to
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increase their physical activity level were defined as experiencing unmet physi-
cal activity need.

4.3.5 Quality of life

Perceived quality of life (QoL) was assessed using the LEIPAD questionnaire
(De Leo et al. 1998). The questionnaire was left with the participants during an
at-home interview, where they were given instructions on how to fill it in. They
were asked to bring the completed questionnaire along to the study centre,
where the nurse examiner checked it. The LEIPAD was constructed for use with
older people, and comprised 31 items related to seven subscales: physical func-
tion (5 items), self-care (6 items), depression and anxiety (4 items), cognitive
functioning (5 items), social relations (3 items), sexual functioning (2 items), and
life satisfaction (6 items). Each item was scored from 0 to 3, with 0 indicating the
best condition and 3 the worst. Each subscale can be used to represent different
dimensions of QoL, but also a summed index of all items can be used as an in-
dicator of overall QoL. Higher scores indicate worse QoL (range 0-93) (De Leo
et al. 1998). In the present study the summed index was used, and ancillary ana-
lyses were performed for each of the subscales.

4.3.6 Physical activity

Habitual physical activity was assessed using a previously validated 7-category
scale (Grimby 1986): (a) mainly resting, (b) most activities performed sitting
down, (c) light physical activity 1-2 h/wk, (d) moderate physical activity 3
h/wk, (e) moderate physical activity at least 4 h/wk, (f) strenuous physical ex-
ercise several times a week, and (g) competitive sports several times a week.
Persons who belonged to the two highest categories had been excluded from
the study before randomization, as they were considered to be too physically
active and thus would not have benefited from the physical activity counseling
intervention, which was the primary research question of the SCAMOB project.

4.3.7 Chronic conditions

Information on chronic conditions was elicited as self-reported physician-
diagnosed chronic conditions by the question: “Do you have any disease or de-
fect diagnosed by a doctor that has lasted over 3 months?” and the response
was written down by the interviewer during the at-home interview. All chronic
conditions reported were later confirmed by a nurse examiner in the clinical
examination held in the study centre. A condition was considered chronic if it
had lasted more than three months. For the purpose of the analyses, the number
of chronic conditions was calculated as the number of different physician-
diagnosed diseases the participants reported. Subsequently, chronic conditions
were divided into the categories of cardiovascular, musculoskeletal and lung
diseases (Leinonen et al. 2007).
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4.3.8 Maximal walking speed

Maximal walking speed was measured in the study centre corridor over a dis-
tance of 10 meters (Aniansson et al. 1980). The participants were allowed 2 to 3
meters for acceleration before the start-line and they were encouraged to walk
as fast as possible without risking their health. Timing was done using a stop-
watch. The participants wore sneakers or walking shoes and use of a walking
aid was allowed if needed.

4.3.9 Potential confounders

Variables reported in previous studies as correlating with environmental factors
and mobility decline were considered as potential confounders. Sociodemo-
graphic indicators included age, living arrangements (alone or with someone),
years of education and perceived financial position (very bad, bad, or moderate
vs. good or very good). Use of mobility devices indoors and outdoors was self-
reported. Cognitive impairment was assessed with the Mini-Mental State Ex-
amination (MMSE) (Folstein et al. 1975) and depressive symptoms with the
Center for Epidemiologic Studies Depression Scale (CES-D) (Radloff 1977).

4.4 Statistical analysis

4.4.1 Descriptive statistics

Descriptive statistics were obtained by using SPSS software program (SPSS inc.
Chicago, IL, versions 14.0, 15.0 and 18.0). Baseline characteristics were de-
scribed by using means and standard deviations or percentages. To test for the
statistical significance of group differences, chi-square tests for the categorized
variables and ¢ tests for the continuous variables were used.

The incidence of walking difficulty (Paper I) was calculated for each envi-
ronmental barrier and expressed as the number of cases per 10 person years.
Time to walking difficulty was calculated as days from the beginning of the
study until the day of the interview when the participant first reported diffi-
culty. The cumulative incidence was calculated by the number of new cases
during the 6-month period divided by the number of subjects at risk at the be-
ginning of the study.

Analysis of variance (ANOVA) (Paper IV) was used to test differences in
the mean QoL scores between groups according to gender, those afraid and not
afraid of moving outdoors, those with and those without perceived unmet
physical activity need and those who reported 0-2 difficulties in outdoor envi-
ronment. Additionally, the correlations between each subscale of the LEIPAD
questionnaire and each environmental variable were calculated to investigate if
the associations were similar to the overall score of the LEIPAD questionnaire.
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All the analyses in each Paper (I-IV) were performed first separately for
women and men. As the associations were practically identical for both sexes,
for the final reports men and women were included in the same analyses ad-
justed for gender.

4.4.2 Multivariate models

Logistic regression analyses

Logistic regression analyses were used to identify the factors associated with
fear of moving outdoors and unmet physical activity need at baseline (Papers II
and III). Age- and gender-adjusted as well as fully adjusted cross-sectional as-
sociations were studied. Additionally, the participants were stratified according
to whether or not they experienced difficulties in walking 2 km to examine
whether the relationship between environmental factors and unmet physical
activity need differed between these groups (Paper III).

In the longitudinal setting, individual and environmental factors as pre-
dictors of unmet physical activity need were studied by using logistic regres-
sion analyses (Paper III). Those reporting unmet physical activity need at base-
line were excluded from these analyses. Separate models were created for the
individual and environmental factors. The first model was adjusted for age and
gender and the second model was a multivariate model in which all the va-
riables were included simultaneously.

Cox regression models

Cox regression models (Cox & Oakes 1984) were used to assess the association
between each environmental barrier and incident walking difficulty in the lon-
gitudinal setting (Paper I). Time to walking difficulty was calculated as days
from the beginning of the study until the day of the interview when the partici-
pant first reported difficulty. Participants were censored when they first re-
ported walking difficulty, at their day of death or at the end of the follow-up,
whichever occurred first. All the analyses were performed separately for per-
ceived difficulty in walking 2 km and 0.5 km, and two models were created for
each environmental variable. In the base model, age and gender were included
as covariates. In the adjusted model, age, gender, physical activity, education in
years, perceived financial situation, cardiovascular, lung, and musculoskeletal
disease, cognitive status and depressive symptoms were included as covariates.

Generalized Estimating Equations model

Fear of moving outdoors as a predictor of perceived walking difficulty was
studied by constructing generalized estimating equations models (GEE) (Liang
& Zeger 1986) (Paper 1I). This approach was chosen, because it was anticipated
that after first reporting walking difficulty some people may also recover from
it. Prevalence at each data collection round, as shown in Figure 4, is a function
of the incidence of, and recovery from, the difficulty state. The exception is the
first follow-up, when prevalence and incidence coincided, as we excluded from
these analyses people who reported walking difficulty at baseline. In the GEE
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models, changes between states from ‘no difficulty’ to ‘difficulty’, and from “dif-
ficulty’ to ‘no difficulty’, were compared between groups formed according to
presence of fear of moving outdoors at baseline. The interaction effects, ex-
pressed as odds ratios (OR), indicate whether the changes differed between
those with fear of moving outdoors compared to those with no fear. Calculating
the ORs for each 6-month follow-up separately was chosen, as it was not possi-
ble to anticipate when the changes would take place and how long they would
last due to lack of earlier studies. Each OR indicates whether changes to and
from the state of difficulty differed statistically significantly between the fear
and no-fear groups over each sequential six-month period with the beginning
of that period as the baseline. In addition, GEE modeling was used to analyze
whether prevalence of perceived walking difficulty over the entire 3.5-year pe-
riod differed significantly between those with fear compared to those with no
fear. All the analyses were performed separately for perceived difficulty in
walking 0.5 km and walking 2 km. Two separate GEE models were constructed
for each distance. The first model was adjusted for age and gender. In the sec-
ond model, age, gender, education in years, musculoskeletal diseases, depres-
sive symptoms, walking speed and environmental factors were included as co-
variates. The analyses were performed with SAS software program version 9.1
(SAS Institute, Inc., Cary, NC) using the GENMOD procedure.

Path analyses
A path analysis model, which is one of the techniques included in structural
equation methods using LISREL (Joreskog & Sorebom 1993), was used for the
analyses of the determinants of QoL (Paper IV). A path analysis made it possi-
ble to study simultaneous associations of the factors influencing QoL as well as
their interrelations. To create the path analysis model, correlation coefficients
were computed for the number of chronic conditions, maximal walking speed,
environmental barriers, unmet physical activity need and fear of moving out-
doors. To carry out model testing, this model requires complete data with no
missing values on any variable. Complete data for the path analysis were avail-
able from 589 participants.

Indicators of model fit were x?, goodness-of-fit index (GFI) (= 0.9 indicates
a good fit), adjusted goodness-of-fit index (AGFI) and root mean square resi-
dual (RMR). The multivariate procedure was accomplished using the LISREL
8.72 program (Scientific Software International, Inc, Lincolnwood, IL).

In all the analyses, when the 95% confidence intervals (Cls) did not in-
clude the value 1, or when p<.05, the results were regarded as statistically sig-
nificant.

Data imputation

For cases with missing values in mobility limitation at some point over the 3.5-
year follow-up, data were imputed with the multiple imputation procedure
implemented in SAS by using information on other mobility tasks and baseline
information on number of long-term diseases, body mass index and MMSE and
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CES-D score (Papers I-III). The sensitivity analyses performed suggested no
substantial differences in effects due to imputation. Subjects who died (n=18)

during the follow-up were censored at the date of death and missing values
were not imputed.



5 RESULTS

5.1 Characteristics of the participants

Table 2 summarizes the baseline characteristics of the participants in the SCA-
MOB project.

TABLE 2 Baseline characteristics of the participants in the SCAMOB project (n=727).

Mean (SD)
Age 77.6 (2.0
Education (years) 9.1 4.2)
Chronic conditions (number) 3.1 (2.0)
Walking speed (m/s) 14 (0.4)
CES-D (score) 10.2 (7.6)
MMSE (score) 26.8 (2.5)
QoL (score) 26.1 (8.9)
%
Women 75
Living alone 58
Financial situation
Good or very good 42
Bad or very bad 58
Lung disease 16
Musculoskeletal disease 50
Cardiovascular disease 67
Difficulties in walking 2 km 33
Difficulties in walking 0.5 km 14
Fear of moving outdoors 56
Unmet physical activity need 14

SD=Standard Deviation
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5.2 Barriers in the outdoor environment

Table 3 summarizes the barriers in the outdoor environment reported by the
participants. The most commonly reported barrier in the outdoor environment
was hills in the immediate vicinity, which was reported by 23% of the partici-
pants. At baseline, people with walking difficulties reported more barriers in
their outdoor environment than those without walking difficulties. In particular,
poor street conditions, hills in the nearby environment, long distances to every-
day services and lack of resting places were more prevalent among people with
walking difficulties. There were no major differences between women and men
in reporting barriers in the outdoor environment.

TABLE 3 Barriers in the outdoor environment at baseline according to gender and dif
ficulties in walking 2 km at baseline among 75- to 81-year-old community-
dwelling people.

Barriers in the Total Women  Men p- Walking  No walking p-

outdoor envi- value*  difficulty  difficulties  value*

ronment n=727 n=539 n=188 n=256 n=467
% % % % %

Poor street con- 19 21 13 .014 23 17 .035

dition

Hills 23 26 16 .005 38 16 <.001

Long distances 10 11 7 .088 15 7 <.001

Lack of resting 12 13 10 403 22 5 <.001

places

Noisy traffic 12 12 11 701 14 12 769

Dangerous 13 14 13 799 13 13 .866

crossroads

* Statistical significance calculated with Chi-square test

5.3 Barriers in the outdoor environment and mobility decline

5.3.1 Barriers in the outdoor environment and development of walking dif-
ficulties (I)

The baseline characteristics of the participants according to the development of
walking difficulty in walking 2 km during the 3.5-year follow-up are shown in Ta-
ble 4. Those who developed walking difficulty during the follow-up reported Dis-
tances and Terrain as environmental barriers to outdoor mobility more often com-
pared to those who did not develop walking difficulty. Additionally, they were
older, had more depressive symptoms and were less physically active than per-
sons who did not develop walking difficulty during the follow-up (Table 4).
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TABLE 4 The baseline characteristics of the 75- to 81-year-old participants (n=214) who
had no walking difficulty at baseline, according to development of difficulty
in walking 2 km during the 3.5-year follow-up (Paper I).

Developed Difficulty No Difficulty p-value®
n=124 n=90
Mean (SD) Mean (SD)
Age 777 (1.7) 771 (2.0) .019
Education in years 9.0 (5.0) 9.9 (4.4) 181
CES-D 9.7 (6.0) 7.0 (5.7 .002
MMSE 270 (2.2) 273 (2.3) 312
% %

Women 73 70 .566
Financial situation .671

Bad or moderate 57 53

Good or very good 43 47
Cardiovascular disease 70 64 .344
Musculoskeletal disease 43 33 136
Lung disease 15 7 .066
Physical Activity .003

Mainly resting 0 0

Most activities

performed sitting

down 1 0

Light physical activity,

1-2h/wk 23 8

Moderate physical

activity, 3 h/wk 52 48

Moderate physical

activity, >4 h/wk 25 44
Barriers in the outdoor environment

Distances 16 4 .004

Terrain 35 17 .006

Traffic 21 21 971

* Chi-square test and f test
CES-D= Center for Epidemiologic Studies Depression Scale
MMSE= Mini-Mental State Examination

SD= Standard Deviation

NOTE: Barriers in the outdoor environment studied were lack of resting places and long
distances (Distances), hilly terrain and poor street conditions (Terrain) and noisy traffic
and dangerous crossroads (Traffic).

Cumulative incidence for difficulty in walking 2 km and 0.5 km at each six-
month follow-up are shown in Table 5. Cumulative incidence for difficulties in
walking 2 km was 59% and in walking 0.5 km 45%.
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TABLE 5 Cumulative incidence of 0.5 km and 2 km walking difficulty at semi-annual
follow-ups among people without walking difficulty at baseline (0.5 km,
n=266; 2 km, n=214) according to whether certain barriers in the outdoor
environment are present or absent.

6 12 18 24 30 36 42
2 km walking Months Months Months Months Months Months Months
Distances Yes 50 58 63 71 75 83 83
(%) (n=24)
No 20 30 36 41 47 51 55
(n=190)
Terrain Yes 33 48 54 57 66 66 70
(%) (n=61)
No 20 27 33 39 44 48 53
(n=153)
Traffic Yes 31 42 44 51 56 56 58
(%) (n=45)
No 21 31 38 42 49 55 58
(n=168)
0.5 km walking
Distances Yes 33 35 45 53 63 65 68
(%) (n=40)
No 10 19 25 28 33 36 39
(n=226)
Terrain Yes 23 30 35 39 46 49 52
(%) (n=84)
No 9 18 25 29 34 37 41
(n=182)
Traffic Yes 17 28 36 41 45 48 50
(%) (n=58)
No 12 20 25 29 35 38 42
(n=208)

NOTE: Barriers in the outdoor environment studied were lack of resting places and long
distances (Distances), hilly terrain and poor street conditions (Terrain) and noisy traffic
and dangerous crossroads (Traffic).

The rate of walking difficulty ranged from 1.4 to 5.4 per 10 person years accord-
ing to the presence of barriers in the outdoor environment and the mobility task
in question. For example, in the group reporting Distances as a barrier in the
outdoor environment, the rate of incident difficulty in walking 2 km was
5.41/10 person years, while among those who did not report that particular en-
vironmental feature, the rate was 2.33/10 person years. For walking 0.5 km, the
corresponding numbers were 3.35/10 person years and 1.46/10 person years,
respectively (Figure 3).
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FIGURE3  The rates of incident walking difficulty in groups based on the perceived
barriers in the outdoor environment among community-living people aged
75- to 81-years without difficulties in walking at baseline. Follow-up time
was 3.5 years with examinations taking place every 6 months. Barriers in the
outdoor environment studied were lack of resting places and long distances
(Distances), hilly terrain and poor street conditions (Terrain) and noisy traffic
and dangerous crossroads (Traffic) (Paper I).
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Cox regression analysis was used to assess the association between each barrier
in the outdoor environment and incident walking difficulty. After adjusting the
models for potential confounders, people who reported Distances as a barrier in
the outdoor environment had approximately twofold risk for incident difficulty
in 2 km and 0.5 km walking (Table 6).

TABLE 6 Cox regression model of the effects of barriers in the outdoor environment on
the development of perceived difficulties in walking 2 km (n=214) and 0.5
km (n=266) among 75- to 81-year-old community-dwelling people without
walking difficulties at baseline in the 3.5-year follow-up (Paper I).

Difficulties in walking 2 km

Base Model* Adjusted Modelt
Environmental barrier HR 95% CI HR 95% CI
Distances 2.66 1.62-4.37 2.19 1.31-3.64
Terrain 2.00 1.37-2.90 1.44 0.96-2.18
Traffic 1.32 0.84-2.06 1.28 0.80-2.05

Difficulties in walking 0.5 km

Base Model* Adjusted Modelt
Environmental barrier HR 95% CI HR 95% CI
Distances 243 1.04-3.77 1.90 1.18-3.03
Terrain 1.62 1.11-2.36 1.15 0.76-1.74
Traffic 1.57 1.02-2.42 1.51 0.96-2.38

* Bivariate associations, adjusted for age and gender

t Adjusted for age, gender, physical activity, education in years, financial situation, cardi-
ovascular-, lung- and musculoskeletal diseases, cognitive status and depressive symp-
toms.

HR= Hazard Ratio

95% CI=95% Confidence Interval

NOTE: Barriers in the outdoor environment studied were lack of resting places and long
distances (Distances), hilly terrain and poor street condition (Terrain) and noisy traffic
and dangerous crossroads (Traffic).

5.3.2 Fear of moving outdoors and walking difficulties (II)

At baseline, 8% of men and 11% of women reported feelings of insecurity when
moving outdoors and 26% of men and 62% of women avoided moving out-
doors because of fear, insecurity due to other pedestrians or other perceived
elements of danger. In total, 65% of women and 29% of men reported one or the
other and were categorized as having fear of moving outdoors.
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People who reported fear of moving outdoors were more likely to be
women, have shorter education, have a poor financial situation, live alone, have
musculoskeletal diseases and slower walking speed and report poor street con-
ditions, noisy traffic and hills as barriers in the outdoor environment. Women
were over four times more likely to report fear of moving outdoors than men
(OR 4.47, 95% CI 3.11-6.41). Each additional year of age increased the odds for
reporting fear of moving outdoors by 7% (OR 1.07, 95% CI 0.99-1.15) (Table 7).

TABLE7 Factors associated with fear of moving outdoors in logistic regression analy-
sis at baseline among 75-to 81-year-old people (n=654-727) (Paper II).

Bivariate® Multivariatet
OR 95% CI OR 95% CI

Living alone 0.94 0.67-1.32 0.77 0.52-1.14
Education in years 094  0.90-0.98 096 0.91-1.01
Financial situation

Bad or moderate vs. good or very good  1.49 1.09-2.04 1.13 0.77-1.65
Cardiovascular disease 1.21 0.87-1.68 1.19 0.83-1.72
Lung disease 099  0.65-1.49 0.83 0.51-1.35
Musculoskeletal disease 1.94 1.42-2.66 1.90 1.33-2.73
CES-D 1.02 0.99-1.04 1.00 0.98-1.03
MMSE 0.96 0.90-1.02 0.93 0.85-1.02
10m walking speed, m/s 0.58  0.36-0.94 0.87 0.48-1.56
Difficulty walking 0.5 km 1.01 0.48-2.15 0.84 0.29-2.38
Difficulty walking 2 km 1.19 0.75-1.82 091 0.50-1.67
Barriers in the outdoor environment

Poor street condition 1.71 1.13-2.58 1.31 0.80-2.12

Hills 1.59 1.08-2.32 1.28 0.81-2.04

Long distances 136  0.81-2.31 114 0.62-2.11

Lack of resting places 136  0.84-2.22 1.04 0.56-1.90

Noisy traffic 2.67 1.57-4.56 240 1.32-4.39

Dangerous crossroads 1.43 0.90-2.29 1.12 0.65-1.95

* Age- and gender-adjusted bivariate odds ratios

t Age- and gender-adjusted multivariate full model with all variables included in the
model simultaneously

CES-D= Center for Epidemiologic Studies Depression Scale

MMSE= Mini-Mental State Examination

OR= Odds Ratio

95% CI=95% Confidence Interval

The prevalence of mobility difficulty at each semi-annual interview during the
3.5-year follow-up among those with and without self-reported difficulty at
baseline in walking 0.5 km or 2 km are shown in Figure 4. The results of the re-
lated GEE models are shown in Table 8. People who reported fear of moving
outdoors but no difficulty walking 0.5 km or 2 km at baseline were three to al-
most five times more likely to develop difficulty during the following six
months. From six months onwards, the changes to and from the difficulty state
were similar between the fear and no-fear groups, making the further ORs non-
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significant and the changes in prevalence parallel. The difference in the preva-
lence of perceived difficulty in walking remained statistically significant
throughout the 3.5 -year follow-up for both walking 0.5 km and 2 km (see Table
8, Figure 4.)

TABLE 8 Effect of fear of moving outdoors on the development of perceived difficult-
ies in walking 0.5 km and 2 km among 75- to 81-year-old people afraid of
moving outdoors vs. not afraid of moving outdoors. Interaction effect, ex-
pressed as Odds ratios (OR), indicates the difference between the groups
over time (Paper II).

Difficulties in walking 0.5 km

Base Model* Adjusted Modelt

Months OR 95% CI OR 95% CI
0-6 2.56 1.39-4.72 4.60 1.92-11.00
7-12 0.71 0.41-1.23 0.52 0.26-1.06
13-18 0.94 0.56-1.59 0.98 0.46-2.08
19-24 0.93 0.54-1.61 0.93 0.40-2.15
25-30 1.05 0.62-1.78 0.87 0.41-1.85
31-36 0.62 0.35-1.08 0.67 0.31-1.44
37-42 1.22 0.70-2.11 1.15 0.54-2.46
Over time p=.063 p=.024

Difficulties in walking 2 km

Base Model* Adjusted Modelt

Months OR 95% CI OR 95% CI
0-6 2.02 1.27-3.22 3.10 1.49-6.46
7-12 0.81 0.54-1.21 0.83 0.47-1.48
13-18 1.04 0.67-1.62 1.07 0.56-2.03
19-24 1.17 0.73-1.87 1.26 0.59-2.68
25-30 0.63 0.39-1.01 0.46 0.22-0.93
31-36 1.16 0.75-1.78 1.43 0.78-2.61
37-42 1.68 1.10-2.55 1.69 0.96-2.96
Over time p=.008 p=-009

* Adjusted for age and gender

t Adjusted for age, gender, education, musculoskeletal disease, depressive symptoms,
walking speed and presence of poor street conditions, hills, long distances, lack of rest-
ing places, noisy traffic and dangerous crossroads.

95% Cl=95% Confidence Interval
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Unadjusted prevalence of perceived difficulty in walking 0.5 km (n=266) and
2km (n=214) among 75- to 81-year-old people without difficulty at baseline
who were followed up every six months for 3.5 years (Paper II).
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5.3.3 Unmet physical activity need (III)

People with unmet physical activity need lived more often with someone and
had more depressive symptoms, better cognitive functioning, slower walking
speed, and more musculoskeletal diseases and perceived walking difficulties
than people who did not report unmet physical activity need. A greater propor-
tion of those reporting unmet physical activity need also reported reduced
physical activity level during the past few years than those without unmet
physical activity need. Of the environmental factors, hills in the immediate en-
vironment, lack of resting places and dangerous crossroads were associated
with unmet physical activity need at baseline (Table 9). In the model in which
the individual and environmental variables were included simultaneously,
good cognitive status (OR 1.25, 95% CI 1.09-1.44), reduction in physical activity
(OR 3.33, 95% CI 1.65-6.74) and presence of dangerous crossroads (OR 2.02, 95%
CI 1.02-4.02) increased and living alone (OR 0.32, 95% CI 0.18-0.57) and good
walking speed (OR 0.26, 95% CI 0.10-0.62) decreased the probability of unmet
physical activity need (not shown in the table).
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TABLE 9 Association of baseline characteristics with unmet physical activity need
among 75- to 81-year-old community-living people (n=643) (Paper III).
Unmet need
Yes No
(n=90) (n=553) p-value* ORt 95% CI
Mean (SD) Mean (SD)
Age 778 (19) 776 (1.9) 249 1.07 0.95-1.20
Education, years 88 (38 92 (43) .399 0.98 0.93-1.04
CES-D score 129 (8.0) 97 (74) <.001 1.05 1.02-1.08
MMSE score 275 (1.9) 270 (21) .031 1.14 1.02-1.28
10-m walking speed, m/s 1.2 (04) 14 (04) <.001 0.15 0.08-0.31
% %
Fear of moving outdoors 58 56 .809 0.97 0.61-1.56
Women 79 75 372 1.27 0.74-219
Living alone 49 59 .063 0.53 0.33-0.86
Financial situation 199 1.34 0.84-2.14
Bad or moderate 64 57
Good or very good 36 43
Cardiovascular disease 72 66 .258 1.35 0.82-2.21
Lung disease 23 15 .093 1.58 0.91-2.75
Musculoskeletal disease 65 50 .006 1.86 1.16-2.99
Difficulty in walking 2 km 60 30 <.001 348 2.19-553
Reduced physical activity 85 61 <.001 3.76 2.04-6.95
Barriers in the outdoor environment
Poor street conditions 24 18 141 1.47 0.87-2.51
Hills 34 21 .006 1.87 1.14-3.02
Long distances 13 9 224 1.47 0.75-2.89
Lack of resting places 22 9 <.001 294 1.65-5.25
Noisy traffic 13 12 673 1.18 0.61-2.28
Dangerous crossroads 21 12 .012 2.06 1.16-3.64

* Chi-square test and f-test

tAge- and gender-adjusted logistic regression analysis

CES-D =Center for Epidemiologic Studies Depression Scale
MMSE=Mini-Mental State Examination

SD= Standard Deviation
OR= Odds Ratio

95% CI= 95% Confidence Interval

Almost all the barriers in the outdoor environment increased the probability of
unmet physical activity need, especially among those with difficulties in walk-
ing 2 km (Table 10). In particular, lack of resting places and dangerous crossroads
were strongly associated with risk for unmet physical activity need among
those with difficulties in walking. Poor street conditions and hills in the nearby
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environment increased the probability of unmet physical activity need also
among those without difficulties in walking.

TABLE10  Barriers in the outdoor environment associated with unmet physical activity
need among those with and without perceived difficulties in walking 2km at
baseline (n=640) (Paper III).

Difficulties in walking No difficulties in walking
(n=215) (n=425)
OR 95% CI OR 95%CI
Poor street conditions
Yes 3.74 1.70-8.25 2.35 1.10-5.03
No 4.36 2.54-7.48 1.00
Hills
Yes 4.04 2.07-7.88 3.05 1.44-6.48
No 4.79 2.71-8.49 1.00
Long distances
Yes 1.52 0.66-3.50 2.30 0.94-5.61
No 3.68 2.24-6.03 1.00
Lack of resting places
Yes 5.71 2.82-11.54 2.80 0.89-8.8
No 3.24 1.93-5.44 1.00
Noisy traffic
Yes 2.82 1.07-7.46 1.73 0.68-4.43
No 3.87 2.34-6.39 1.00
Dangerous crossroads
Yes 7.72 3.28-18.13 2.09 0.90-4.87
No 3.48 2.07-5.84 1.00

Odds ratios (OR) adjusted for age and gender
95% CI = 95% Confidence Interval

Of those who did not report unmet physical activity need at baseline, 15% (17%
of women and 10% of men) developed unmet physical activity need over the
two-year follow-up. In the prospective analyses, fear of moving outdoors in-
creased the risk for developing unmet physical activity need three fold com-
pared to those not afraid (Table 11). Also, those reporting hills in their imme-
diate environment and noisy traffic were over two to over four times more like-
ly to develop unmet physical activity need. In the multivariate model studying
individual factors, fear of moving outdoors was an independent predictor of
unmet physical activity need. In the multivariate model studying environmen-
tal factors, only noisy traffic predicted unmet need for physical activity when all
the environmental factors were included simultaneously in the model adjusted
for age and gender. In the model in which all the individual and environmental
variables were included, the results remained practically unchanged, but the
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statistical power decreased due to the greater number of variables in the model
(data not shown).

TABLE11  Predictors of unmet physical activity need among 75- to 81-year-old commu-
nity-dwelling people (n=214) over two-year follow-up (Paper III).

Bivariate* Multivariatet
OR 95% CI OR 95% CI

Individual factors

Living alone 1.21 0.52-2.82 1.17 0.47-2.86
CES-D 1.03 0.98-1.09 1.03 0.97-1.09
MMSE 0.89 0.75-1.06 0.85 0.69-1.04
Fear of moving outdoors 3.07 1.21-7.81 2.82 1.02-7.75
Education in years 1.01 0.93-1.09 1.04 0.95-1.13
Financial situation

Bad or moderate vs.

Good or very good 112 0.51-2.45 1.38 0.55-3.50
Musculoskeletal disease 2.01 0.91-4.46 1.38 0.56-3.39
Difficulties in walking 2 km 1.42 0.63-3.21 1.22 0.48-3.09
Barriers in the outdoor environment
Poor street conditions 0.98 0.31-3.10 0.52 0.13-2.03
Hills 2.30 1.00-5.27 2.49 0.95-6.54
Long distances 1.28 0.34-4.87 1.50 0.35-6.50
Lack of resting places 0.66 0.14-3.06 0.25 0.04-1.57
Noisy traffic 4.48 1.65-12.16 4.61 1.49-14.33
Dangerous crossroads 1.35 0.46-3.96 1.08 0.34-3.47

* age- and gender-adjusted bivariate associations

T age- and gender-adjusted multivariate model, individual and environment factors analyzed
separately

CES-D =Center for Epidemiologic Studies Depression Scale

MMSE=Mini-Mental State Examination

OR=0dds ratio

95% CI=95% Confidence Interval

5.4 Barriers in the outdoor environment and quality of life (IV)

QoL was worse among those who reported more barriers in their outdoor envi-
ronment and those who experienced fear of moving outdoors and unmet physi-
cal activity need (Figure 5). Those who had slower walking speed and more
chronic diseases also reported worse QoL (r=-.48, p<.001 ; r= .35, p<.001, respec-
tively) (not shown in the figure). All the subscales of QoL showed associations
with perceived barriers in the outdoor environment similar to that of the overall
sum score (data not shown).



54

QOL score

45 -
40 1
35
30

25

20 4

15

10 4

0+

2|8 |28

Men

Women

Sex Fear of |Unmet PA| Distances
moving need
outdoors

Terrain

FIGURE5  Mean QoL score in community-dwelling 75- to 81-year-old people (n=600)

according to gender, fear of moving outdoors, unmet physical activity (PA)
need and barriers in the outdoor environment. Higher scores indicate worse
QoL (range 0-93).
NOTE: Environmental barriers studied were lack of resting places and long
distances (Distances), noisy traffic and dangerous crossroads (Traffic) and
hilly terrain and poor street conditions (Terrain); (0) no perceived difficulties
related to either of the environmental barriers, (1) perceived difficulties re-
lated to one barrier (2) perceived difficulties related to two barriers. All dif-
ferences between groups were statistically significant (p<.001) (Paper IV).

The constructed path analysis model fitted well to the data (x? (7)=12.66; p=.08;
GFI=0.99, AGFI =0.97, RMR=0.02). By adding number of chronic conditions,
maximal walking speed, barriers in the outdoor environment, unmet physical
activity need and fear of moving outdoors into the path model, 36% of the
variation in QoL was explained. The variables Terrain, Traffic and Distances
influenced QoL through either fear of moving outdoors or through unmet physical
activity need, while Distances also had a direct association with QoL. The lower a
person’s walking speed, the more problems reported in the outdoor environment
and outdoor mobility and the poorer the QoL. Details are shown in Figure 6.
Significant indirect associations were found between walking speed and fear of
moving outdoors (p=-0.15, standard error (s.e.)=.03), walking speed and QoL (B=-
0.11, s.e.=.02), number of chronic conditions and QoL (p=0.18, s.e.=.02) and Traffic
and QoL (pB=.14, s.e.=.03). (Indirect associations not shown in the Table)
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The path analyses model of the relationships between perceived barriers in
the outdoor environment, unmet physical activity need and fear of moving
outdoors to quality of life among 75- to 81-year-old community-dwelling
people (n=589). The model includes three layers: individual, environmental
and interaction between individual and environment, all of which together
were associated with QoL (Paper IV).

NOTE: In the model, slow walking speed increases perceived barriers in the
outdoor environment, which affect QoL through fear of moving outdoors
and unmet physical activity need. Arrows indicate significant associations
and their directions between variables. The numbers show the maximum
likelihood estimates of the path coefficients, standard errors are given in pa-
renthesis. The coefficients are significant if they are greater than two times
the standard errors. The R? values indicate the amount of variation in the
dependent variables explained by the other shown variables.



6 DISCUSSION

This study investigated the effects of barriers in the outdoor environment on
outdoor mobility decline and quality of life among older community-dwelling
people. Further, the effects of fear of moving outdoors on development of walk-
ing difficulty and unmet physical activity need were examined.

In this study, perceived barriers in the outdoor environment preceded de-
velopment of walking difficulty over a 3.5-year follow-up. Barriers in the envi-
ronment also underlay fear of moving outdoors, which predicted development
of walking difficulty and unmet physical activity need. However, fear of mov-
ing outdoors predicted walking difficulties independently of the environmental
factors. Unmet physical activity need was found to be more common among
ambulatory community-dwelling older people who have health and mobility
problems and report negative environmental features in their neighborhood.
Barriers in the outdoor environment which encumbered outdoor mobility in-
creased fear of moving outdoors and unmet physical activity need and resulted
in poor QoL among older community-dwelling people.

6.1 Barriers in the outdoor environment and mobility decline

Barriers in the outdoor environment and walking difficulties

This study showed that perceived barriers to mobility in the outdoor environ-
ment precede onset of difficulty in walking 2 km and 0.5 km among commu-
nity-dwelling older people. A few prospective studies have shown previously
that self-reported barriers in the neighbourhood predict loss of physical func-
tion, but in these studies the participants have been middle aged (Schootman et
al. 2006) or “young-old” people over 55 years of age (Balfour & Kaplan 2002).
Other studies have shown an association between environmental barriers and
mobility limitation (Clarke et al. 2008, Wahl et al. 2009a, Keysor et al. 2010,
White et al. 2010), but have been limited to cross-sectional analyses and have
thus been unable to reveal the temporal order in the association.
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There are plausible explanations for the association between environ-
mental barriers and the development of walking difficulty. A demanding envi-
ronment may restrict out-of-home activities in older people, leading to physical
inactivity (Booth et al. 2000) and eventually further decline in functional capac-
ity (Buchner 2003, Gill et al. 2003, Boyle et al. 2007). The results of the present
study showed that physical activity is one of the underlying mechanisms ex-
plaining the association between environmental barriers and walking difficul-
ties. In Finland, seasonal variation should also be kept in mind when interpret-
ing the results. Time of the year may also have an influence on perceived bar-
riers in the environment or perceived walking difficulties, as well as on physical
activity. For example, in winter time snow and ice may render pedestrian areas
unusable (Wennberg et al. 2009), thus affecting willingness to go out (Shum-
way-Cook et al. 2003). In Finland, snowy conditions last from approximately
December till March. In the present study all the baseline interviews took place
during a 3-month period in spring (between April and June) and thereafter at 6-
month intervals during either autumn or spring. Thus seasonal variation is not
likely to add further explanation to the present results.

It is also possible that starting to perceive barriers in the outdoor envi-
ronment may reflect early decline in mobility, as a “pre-stage” which has not
yet developed into manifest mobility limitation. In the earlier studies it was ob-
served that persons who did not report difficulties in walking, but who had
changed their way of doing task (e.g. reported walking more slowly, doing the
task less often, getting tired or needing to rest) had an increased risk for mani-
fest mobility limitation (Fried et al. 2000, Fried et al. 2001, Ménty et al. 2007). It
is possible that among older people modifying walking habits (Fried et al. 2000)
and perceiving the environment as more demanding coincide because the envi-
ronment no longer supports their level of functional capacity (Lawton & Na-
hemow 1973). In this case, reporting perceived barriers in the outdoor environ-
ment may be an early sign of mobility decline. In the present study, crossroads
perceived as dangerous and traffic noise preceded development of limitation in
basic but not advanced mobility. It is possible that sensory losses underlie the
association between perceiving heavy traffic as a barrier to outdoor mobility
and development of limitation in basic mobility. Age-related deterioration in
hearing and vision make it difficult to orient oneself in the environment (Vil-
janen et al. 2009a, Viljanen et al. 2009b) and excessive traffic noise and auditory
and visual signals at intersections may become confusing and lead to concerns
for personal safety and avoidance of such situations (Stahl et al. 2008), thus
leading to physical inactivity and mobility decline.

Fear of moving outdoors

Fear of moving outdoors was common among community-living older people
and predicted mobility decline over the 3.5-year follow-up. The incidence of
new mobility limitation was much higher among those experiencing fear of
moving outdoors during the first 6 months after the baseline, and this remained
significant over the entire 3.5-year follow-up. The results showed that the
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higher risk of developing perceived difficulty in walking 2 km or 0.5 km among
people reporting fear of moving outdoors was not explained by the environ-
mental barriers or health-related factors, but that fear increased the risk of mo-
bility decline independent of these.

Fear of moving outdoors in old age has not been studied before, but pre-
vious studies on fear of falling and fear of crime have yielded similar results on
the underlying factors (Green et al. 2002, Austin et al. 2007, Barnett et al. 2007,
Scheffer et al. 2008). Fear was more common among women than men, which
has also been found in previous studies (Green et al. 2002, Suzuki et al. 2002,
Delbaere et al. 2004, Wood et al. 2008), and good SES decreased the probability
of fear of moving outdoors. In previous studies, a correlation between high SES
and more favorable neighborhood characteristics has been found (Ross & Jang
2000, Balfour & Kaplan 2002, Feldman & Steptoe 2004, Franzini et al. 2005,
Wood et al. 2008). However, in the present study, almost all of the participants
were living in the same urban area, most of them in condominiums and some in
detached houses, and therefore there were only minor differences in neighbor-
hood characteristics across the sample. More years of education and good per-
ceived financial situation may thus be indicators of general resources in life and
thus have a positive influence on the self-reliance of the individual.

It is possible that fear of moving outdoors is a subjective sign of impend-
ing task difficulties. This is in line with the finding that a difference in perceived
difficulties in walking 0.5 km and 2 km emerged during the first six months of
the follow-up. It is also possible that fear-related avoidance of activities accele-
rates the disablement process because of the consequences of physical inactivity
and reduced participation in social and other out-of-home activities. The possi-
bility, that perceived fear of moving outdoors may have a direct effect on per-
ceived difficulty in walking cannot be ruled out. Fear of moving outdoors may
cause feelings of discomfort and thus directly influence perceived difficulty in
outdoor mobility. However, all those with perceived difficulty at baseline were
excluded from the prospective analyses. Thus it is unlikely that overlap in peo-
ple’s minds of the concepts of fear of moving outdoors and perceived difficulty
walking specific distances would explain the results.

As fear of moving outdoors was defined as an emotional condition, it may
also reflect other emotional conditions, such as depression. Depressive symp-
toms also increase the risk of outdoor activity restriction (Wilkie et al. 2007) and
predict incident mobility decline (Penninx et al. 1998). However, in the age- and
gender-adjusted analysis only a weak association between fear of moving out-
doors and depressed mood was observed. The association disappeared in the
multivariate analyses, suggesting that fear of moving outdoors is a phenome-
non independent of depressed mood.

Reporting barriers in the outdoor environment, especially poor street con-
ditions, hills in the nearby environment and noisy traffic, increased the proba-
bility of fear of moving outdoors. Previous studies have found associations be-
tween physical activity and environmental characteristics such as safety (Booth
et al. 2000, Brownson et al. 2001, Foster et al. 2004, Shenassa et al. 2006, Mota et
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al. 2007). It is possible that an environment perceived as too demanding may
accentuate the unwillingness to go outdoors, particularly among people with
mobility limitations (Bruce et al. 2002, Delbaere et al. 2004, Fletcher & Hirdes
2004). Fear of moving outdoor may also be a result of poor self-efficacy. Accord-
ing to the self-efficacy theory, people fear and avoid situations they believe ex-
ceed their coping skills (Bandura 1977) and self-efficacy has been found to be a
very important factor in outdoor mobility (Booth et al. 2000, Kono et al. 2004,
Lord et al. 2010).

Recently, it was suggested that falls are a result of person-environment
mismatch rather than solely environmental hazards (Iwarsson et al. 2009), and
that fear of falling is environmentally determined and should be classified ac-
cording to environment, whether it concerns indoor or outdoor environment
(Deshpande et al. 2009). These findings suggest the existence of fear that is re-
lated to environmental factors, thus supporting the results of the present study.

Unmet physical activity need
This study demonstrated that a fair proportion of those aged 75 to 81 years feel
that they do not have enough opportunities to increase their physical activity
level despite their willingness to do so. Unmet physical activity need was de-
fined in this study as the feeling that one’s level of physical activity is inade-
quate. The results showed that perceived barriers in the outdoor environment
magnified the risk for unmet physical activity need especially among those
whose mobility had started to decline. Mismatch between environmental de-
mand and individual capabilities reduce possibilities for participation, which in
turn may have effects on several other health outcomes and quality of life.
While the present study sheds some light on the development of unmet
physical activity need, in part the dynamics underlying this development re-
main unrevealed and thus warrant further study. Fear of moving outdoors and
reduction in physical activity preceded the development of unmet physical ac-
tivity need together with barriers in the outdoor environment near the home.
Depressive symptoms were observed simultaneously with unmet physical ac-
tivity need, and thus it is possible that depressive symptoms are a consequence
rather than a cause of unmet physical activity need. These findings are in line
with those of previous studies, where high levels of depressive symptoms have
been found among stroke survivors who have given up traveling by public
transport (Wendel et al. 2008) and an increase in depression in older people
who have given up other meaningful activities (Duke et al. 2002, Benyamini &
Lomranz 2004) .

The stability of unmet physical activity need is currently unclear. Almost
half of those with unmet physical activity need at baseline did not report it at
follow-up, which indicates that unmet physical activity need may be transient.
In addition, those who reported that they had reduced their physical activity
level over the past few years were almost four times more likely to report un-
met physical activity need. It seems likely that unmet physical activity need be-
comes evident relatively soon after the occurrence of events causing changes in
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physical activity, such as the need to attend to a sick spouse or a disease or in-
jury leading to mobility decline. Later on, people may adapt to their current
situation and the desire to be more physically active disappears.

Turning to the environmental factors studied, hills in the immediate envi-
ronment and noisy traffic predicted development of unmet physical activity
need in the two-year follow-up. Noisy traffic was an independent predictor of
unmet physical activity need even when adjusted for walking difficulties. It is
possible that traffic noise indicates the existence of busy roads, which are per-
ceived as dangerous by older people (Stahl et al. 2008). Thus it is worries about
personal safety rather than the noise itself that may lead to the perception that
one’s opportunities for physical activity have become restricted, leading further
to the development of unmet physical activity need.

6.2 Barriers in the outdoor environment and quality of life

This study showed that individual capabilities, a demanding outdoor environ-
ment and their interaction explained 36% of the variance in QoL. This finding
can be considered as a sizeable proportion, since important factors known to
affect QoL in old age, such as social relationships and financial situation, were
not included in the analyses. The fact that perceived barriers in the outdoor en-
vironment correlated with all the QoL subscales suggests that the outdoor envi-
ronment may have a broader influence on QoL than has hitherto been acknowl-
edged. While others have reported the importance of the outdoor environment
for the quality of life of older people (Levasseur et al. 2008a), the results of the
present study deepen the existing knowledge on the factors influencing QoL.

In the present study, people with poor functional capacity, defined as
slower walking speed and more chronic conditions, reported their outdoor en-
vironment to be more demanding and had lower QoL than those who were
healthier. This finding coheres with the ecological model of ageing (Lawton &
Nahemow 1973). The fact that fear of moving outdoors and unmet physical ac-
tivity need play a role in the interplay between the outdoor environment and
QoL, is a novel finding. Previously, Levasseur and colleagues (Levasseur et al.
2008b) emphasized that satisfaction with participation is a better predictor of
QoL than the level of participation itself, which is in line with the present find-
ings.

It has been found that natural and green spaces in the neighbourhood
have an effect on well-being (Pretty et al. 2005). Green exercise, that is exercise
in natural outdoor environments, may improve self-esteem and mood (Barton
& Pretty 2010). Spending time in outdoor areas and in natural settings also
promotes restorative experiences such as relaxation and calmness, according to
a study of a Finnish population aged 15-75-years (Korpela et al. 2010). This may
partly explain the results of the present study. People who perceive no oppor-
tunities for moving outdoors either because of the barriers in the outdoor envi-
ronment or because of fear, may also have feelings of depressed mood, with
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negative effects on QoL. Recently, it was also shown that access to clean and
high quality natural environments increases life satisfaction (Vemuri et al. 2011).

For older people, mobility means independence and personal freedom,
both of which are crucial for quality of life (Bourret et al. 2002). Therefore, im-
proving possibilities for outdoor mobility among older people may help en-
hance their QoL by reducing their fear of moving outdoors and alleviating their
unmet need for physical activity.

6.3 Methodological considerations

This study is based on the data from the SCAMOB project, which utilized a
large sample of ambulatory, community-dwelling 75- to 81-year old people of
whom approximately half were included in the present 3.5-year follow-up
study.

First of all, this study used a data set previously collected for the random-
ized controlled study. Using a previously collected data set can be regarded as
an effective alternative because material that has already been collected can be
fully utilized. However, it also presents certain challenges for the study, which
in the present instance mainly concern the study sample. The inclusion criteria
of the study were set according to the primary research question addressed by
the SCAMOB project. Thus the participants in the present study were a trun-
cated sample of community-dwelling older people, as the most disabled and
most vigorous people had already been excluded from the sample. This might
explain the overall low rate of perceived barriers in the environment, since, ac-
cording to previous studies, older people who have severe mobility limitations
also report more barriers in their environment. Thus the results of the present
study may underestimate the effects of barriers in the outdoor environment on
outdoor mobility decline. However, the study design of the SCAMOB project
enabled cross-sectional and prospective analyses on topics that have not been
widely studied before.

To examine perceived barriers in the outdoor environment, standardized
questionnaires were used. A validated tool for environmental evaluation was
not available in the present research, a factor which should be taken into ac-
count when interpreting the results. The environmental factors studied were
considered to be relevant for the mobility in this age group on the basis of earli-
er research conducted in a Finnish context (Heikkinen 1998). It is possible that
some other important features in the environment that older people consider
meaningful for their mobility have not been taken into account in our analyses.
In addition, self-reported barriers in the environment instead of objective meas-
ures were used. However, according to a Swedish study on housing accessibili-
ty, there seem to be more marked differences between self-reports and profes-
sional assessments in samples of persons without current experiences of mov-
ing about in the environment under study. Self-reports of persons with recent
experiences resemble professional assessments (Fange & Iwarsson 2003). In the
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present study, at baseline, all the participants were able to move independently
outdoors and most likely had current experiences of their environments, sug-
gesting that their reports were most probably quite accurate. Moreover, self-
reports on the environment reflect the individual’s customary walking routes
and thus give a more reliable picture of the barriers in the environment than
that conveyed by objective measures (Gebel et al. 2009); thus the method used
to evaluate the environment had relevance for the study and the information
collected was able to answer the study questions.

The concept of fear of moving outdoors integrated information about gen-
eral insecurity when moving outdoors and avoidance of outdoor activities be-
cause of fear, insecurity due to other pedestrians, or elements of danger. It
should be noted that there is no widely accepted instrument to measure fear of
moving outdoors and the data collection was not designed specifically to exam-
ine fear of moving outdoors. Nevertheless, even with the crude measure used,
the results showed that fear may lead to deterioration in functional ability in
old age.

It should also be noted that our definition of unmet physical activity need
concerned physical activity in general, while the environmental features stu-
died were rather specific for outdoor walking. However, walking outdoors is
the most popular form of physical activity among community-dwelling older
people in Finland (Maikil4 et al. 2010) and often a prerequisite for attending oth-
er physical activities. Thus it is not likely that this discrepancy has materially
affected the results.

In the present study, self-reported walking difficulty was used as an out-
come measure in Papers I and II to study the effects of barriers in the outdoor
environment and fear of moving outdoors on mobility decline over a 3.5 -year
follow-up. Although it has been argued that self-reports may not be sensitive
enough to detect changes in functioning over time (Kivinen et al. 1998), among
highly functioning older people self-reports of mobility decline may be even
more sensitive to the changes in functional capacity than objective measures
(Fried et al. 2000, Latham et al. 2008).

To study the development of walking difficulties, two different statistical
methods were used. The effects of the barriers in the outdoor environment on
incident walking difficulty were analyzed with Cox regression analysis. Cox
regression analysis can be used to investigate the association of one or more
explanatory variables from the beginning of the study until the event occurs
(Cox & Oakes 1984). In the present study, data were collected at six-month in-
tervals and thus we do not know at exactly what time points walking difficulty
emerged. This leads to a situation where we have a large group of people who
report a new difficulty at the same measurement point. Cox regression models
were chosen as analytical methods for Paper I, since excluding participants with
walking difficulty at baseline reduced the proportion of participants reporting
barriers in their environment, and hence conducting adequate GEE models for
the 3.5-year follow-up was not possible.
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GEE models were used to study fear of moving outdoors as a predictor of
walking difficulties (Paper II). With GEE models it is possible to take into ac-
count transitions in the states of difficulty reported over the follow-up and
compare the prevalence of walking difficulty in each data collection wave. Each
six-month interval for which data were available during the follow-up, with the
beginning of each period as the reference, i.e. 6 months vs. beginning of study,
12 months vs. 6 months, continuing up to 42 months vs. 36 months, was studied.
With this method it was possible to estimate when the possible decline in mo-
bility occurs, what kinds of transitions happen over time and how long the
possible effect lasts.

GEE models take into account that some people may also recover from a
reported difficulty, while in the Cox regression analyses the participant is cen-
sored when she/he first reports difficulties. However, with both of these me-
thods it is possible to investigate the temporal order of the associations, which
was the main study question.

In the present study, QoL was assessed with the multidimensional LEI-
PAD questionnaire. With a scale consisting of several subscales, there is a risk
of tautological effects in the analyses. Therefore, to avoid overlap, it is necessary
to carefully compare the dimensions of the scale with the predictors of the
model. The LEIPAD questionnaire includes items where the participants are
asked to evaluate their physical functioning in terms of their perceived abilities
to perform daily activities. In the path modeling applied in the present study,
maximal walking speed was chosen as an indicator of physical performance
because it is conceptually separate from the items in the physical function and
self-care subscales of the LEIPAD. Although our analysis of the association be-
tween the environment and quality of life are cross-sectional and causality can-
not be confirmed, path analysis allows us to draw inferences about the direction
of the associations. Even then, the existence of a circular decline where envi-
ronmental barriers lead to mobility loss, in turn leading to perception of the
environment as more challenging than before, is also a possibility.

Two theoretical frameworks were used to guide the analyses. The disab-
lement process model (Verbrugge & Jette 1994) guided the longitudinal analys-
es, while the ecological model of ageing (Lawton & Nahemow 1973) supported
the cross-sectional analyses and helped to explain the associations between the
variables and created a basis for constructing the path analyses model in Paper
IV. The measurements and the associations that were examined in the present
study were based on these theoretical models. The ecological model of ageing
shows the association between the environment and the individual in a dynam-
ic way. This is a difficulty in epidemiological studies, which aim at providing
evidence for causality and find risk factors for different outcomes. However,
there are many similarities between the models, and thus these two models
created a good foundation for the analyses by supporting each other.

This study was conducted in an urban area of central Finland, and thus
the results may not be valid in rural areas or in the bigger cities, a factor which
should be kept in mind when interpreting the results. There might also be some
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national differences in personal as well as environmental characteristics be-
tween Finland and other western countries, as was shown in the MOBILATE
project (Mollenkopf et al. 2004).

The long follow-up time and semi-annual follow-up points allow us to
make inferences on the temporal order of events leading to the development of
walking difficulties and unmet physical activity need, and thus identify indi-
viduals who are at risk for outdoor mobility decline. The strengths of the
present study are the large, population-based sample and the application of
both cross-sectional and longitudinal data analysis on topics related to barriers
in the outdoor environment and outdoor mobility that have not been widely
studied before. The present study offers new knowledge about the barriers in
the outdoor environment affecting outdoor mobility and QoL among older
people and emphasizes the importance of the environment in the disablement
process.

6.4 Future directions

The results of this research suggest several new study hypotheses and direc-
tions. Since the relationship between environmental barriers and individual
capabilities seem to have important effects on outdoor mobility, it would be
beneficial to target more research on life-space mobility, which reflects the abili-
ty to move outdoors in a specific environment (Stalvey et al. 1999, Baker et al.
2003). Studying life-space mobility offers possibilities to identify the factors that
are crucial for the ability to maintain community mobility.

Modifications of the environment, but also modifications on the individual
level, such as strength training, may improve P-E fit, offering better possibilities
for adaptive behavior. This leaves the question, how can the environment be
modified to support functioning, to prevent mobility limitations and to reduce
fear of moving outdoors and unmet physical activity need? Although this study
shed some light on these questions, the need remains for more knowledge on
the associations between the environment and people’s possibilities to partici-
pate in out-of-home activities. This would help to prevent marginalization with
respect to physical activity and increase possibilities for physical activity, thus
improving functional ability and quality of life.

The concepts of unmet physical activity need and of fear of moving out-
doors are new, and therefore more studies related to these concepts is needed to
confirm the present results. In particular, a study for addressing the differences
between fear of moving outdoors, fear of falling and fear of crime would be im-
portant to distinguish these concepts from each other. Replication studies are
needed both in different environments - urban, suburban and rural - and
among different populations, from the most severely disabled to active seniors.

This study showed that fear of moving outdoors is very common among
community-dwelling older people; however we still do not know whether there
are different levels of severity in fear, whether there are differences in the level
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of avoidance of activities and what kinds of behavioral changes fear causes. The
development of in-depth methods to assess fear of moving outdoors is needed
to clarify these questions. Since the present study applied a purely quantitative
approach, qualitative or mixed methods could be useful in seeking to under-
stand how these phenomena are experienced by older people themselves. In
addition, the consequences of unmet physical activity need remain unclear.

People who experience unmet physical activity need form a fruitful target
group for physical activity promotion, because they have the willingness to par-
ticipate in physical activities. However, traditional physical activity promotion
programs are likely to be ineffective among them as they may need more sup-
port. For example, volunteer walking buddies may be used to encourage them
to exercise, by alleviating their fear of moving outdoors and to support them in
facing barriers in the outdoor environment. This topic merits further research.

Homeboundness is an extreme form of participation restriction and it is
known to be associated with severe disability (Simonsick et al. 1998). It is not
well known how barriers in the outdoor environment affect the development of
homeboundness, and how these possible environmental barriers can be mod-
ified. This could usefully be studied, since current health care policy in Finland
favors home care instead of institutional care. This policy change leads to a sit-
uation where even more severely disabled people are living at home and are at
risk of becoming homebound.

The findings of the present study show that barriers in the outdoor envi-
ronment predict the development of walking difficulties and that physical ac-
tivity explains part of this association. However, the mechanisms underlying
the association remain unknown and call for further studies. A better under-
standing of the mechanisms behind P-E fit and its effects on health outcomes in
old age is needed, as this would help in planning interventions and environ-
ments that promote outdoor mobility and well-being in community-dwelling
older people.



7 MAIN FINDINGS AND CONCLUSIONS

The main findings and conclusions can be summarized as follows:

1.

Perceived barriers in the outdoor environment, especially long distances
to everyday services and lack of resting places, preceded development of
walking difficulties among older people.

Fear of moving outdoors was common among older people. Poor socio-
economic status, musculoskeletal diseases, slow walking speed and the
presence of poor street conditions, hills in the nearby environment and
noisy traffic were associated with fear of moving outdoors at baseline.

Fear of moving outdoors increased the risk of developing walking diffi-
culties independently of the barriers in the outdoor environment.

Unmet physical activity need was more prevalent among those with
musculoskeletal diseases, depressive symptoms and mobility limitations.
Hills in the nearby environment, lack of resting places and dangerous
crossroads were associated with unmet physical activity need at baseline,
and the association was especially strong among those with walking dif-
ficulties.

Fear of moving outdoors and noisy traffic predicted development of
unmet physical activity need over a two-year follow-up.

Older people with more barriers in their outdoor environment, fear of
moving outdoors and unmet physical activity need reported worse QoL.

Barriers in the outdoor environment which encumbered outdoor mobili-
ty, increased perceptions of fear of moving outdoors and unmet physical
activity need, and were associated with poor QoL in older people.
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YHTEENVETO (FINNISH SUMMARY)

Ulkoymparistotekijat, ulkona liikkumisen heikkeneminen ja eliminlaatu
idkkdilla ihmisilla

Ulkona liikkkuminen on perusedellytys itsendiselle suoriutumiselle paivittdisistd
toiminnoista, kuten kaupassa kidynnille, mutta se myos kohentaa mielialaa, ter-
veyttd ja toimintakykyd sekd vahvistaa autonomiaa. Kédvelylenkkeily on yksi
suosituimmista ikddntyneiden ihmisten liikuntamuodoista, ja jo sangen ly-
hyidenkin matkojen liikkuminen ulkona edistdd ja ylldpitdd toimintakykya.
Ymparistotekijdt voivat kuitenkin luoda esteitd ulkona liikkumiselle, erityisesti
silloin kun liikkumiskyky on heikentynyt ja aistitoiminnoissa on puutteita. Yk-
silon kykyjen ja ympériston asettamien vaatimusten on oltava tasapainossa,
jotta toiminta olisi optimaalista, ylldpitden toimintakykyad sekd mahdollistaen
osallistumisen haluttuihin aktiviteetteihin. Kykyihin ndhden liian haasteellinen
ympdristo johtaa toiminnan vihenemiseen ja siten myos toimintakyvyn heik-
keneminen nopeutuu. Vaikka ympariston merkitys idkkédiden ihmisten toimin-
takykyyn on usein todettu, tieteellinen tutkimus aiheesta on pinnallista ja rajoit-
tuu usein vain poikittaisanalyyseihin todeten ympaériston ja toimintakyvyn vé-
lilld olevan yhteytta.

Ulkona liikkumista rajoittavista peloista tutkituimpia ovat kaatumisen
pelko sekd rikoksen pelko. Henkil6t, jotka kokevat esimerkiksi kaatumisen pel-
koa, saattavat vélttdd liikkumista, jotta eivét altistuisi kaatumisille. Ulkona liik-
kumiseen saattaa myos vaikuttaa yleisempi pelkotila, joka syntyy tunteesta,
ettei selviydy ulkona liikkumisesta esimerkiksi haasteellisen ympariston takia.
Téllaista yleistd ympaéristotekijoistd johtuvaa ulkona liitkkumisen pelkoa ei kui-
tenkaan ole aiemmin mééritelty eikd tutkittu. Taméntyyppinen pelkotila saattaa
johtaa ulkona liikkumisen vilttamiseen myos sellaisilla henkil6illd, jotka fyysi-
sen kykynsd puolesta pystyisivit liikkumaan ulkona. Pelko ei kuitenkaan poista
halukkuutta liikkumiseen. T&lloin on seurauksena kokemus siitd, ettei péddse
liikkkumaan niin paljon kuin haluaisi, joka tdssd tutkimuksessa madriteltiin tyy-
dyttaméattomiksi lilkunnantarpeeksi. Tyydyttdiméton liikunnantarve on aiem-
massa kirjallisuudessa tuotu esiin ldhinnd lasten ja nuorten liikuntakdyttayty-
misen yhteydessd, jolloin silld on tarkoitettu liikuntasuositusten tayttymista.
Iakkdiden kohdalla ei tdsté ole kyse, vaan tyydyttamattomalla liikunnantarpeel-
la tarkoitetaan henkilokohtaista kokemusta liikkumisen riittdmattomyydesta.

Elaménlaatu on yksi tutkituimmista osa-alueista ikdantymistutkimuksessa.
Eldmé&nlaadun mddrittdjind on yleensd tuotu esiin sosiaaliset suhteet, terveys ja
taloudellinen tilanne. My6s ympériston ja ulkona liikkumisen merkitys on to-
dettu, mutta sithen kohdistuva tutkimus on ollut vadhiistd. Kun ulkona liikku-
minen rajoittuu ja ihmisen elinpiiri pienenee, silld on vaikutusta myds elimén-
laatuun.

Tassd tutkimuksessa selvitettiin koettujen ulkoympériston esteiden vaiku-
tusta itseraportoitujen litkkumisvaikeuksien syntymiseen sekd eldménlaatuun
kotona asuvilla 75-81-vuotiailla henkilsilld. Lisdksi tarkasteltiin kahta uutta
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ulkona litkkumiseen liittyvéad késitettd, ulkona liikkumisen pelkoa ja sen seura-
uksia, sekd tyydyttdamitontd liilkunnan tarvetta ja siihen johtavia tekijoitd.
Tutkimuksessa kaytettiin Screening and Counselling for Physical Activity and
Mobility in Older People (SCAMOB) - projektin aineistoa. Alkuhaastatteluihin
osallistui 727 Jyvéaskyldn kaupungin keskusta-alueella kotona asuvaa 75-81-
vuotiasta henkilod. Alkuhaastattelujen jdlkeen osallistujat satunnaistettiin koe-
tai kontrolliryhmaan. Tassa tutkimuksessa kaytettiin SCAMOB-projektin alku-
mittausaineistoa (n=727) poikittaisanalyyseihin sekd 3.5-vuoden seuranta-
aineistoa kontrolliryhméstd pitkittdisanalyyseihin (n=314).

Tutkimuksen tulokset osoittavat, ettd koetut ympériston esteet lisddvat
riskid uusien kévelyvaikeuksien syntymiseen. Fyysinen aktiivisuus selitti osan
tistd yhteydestd, mutta ympériston vaikutus séilyi silti merkittdvand. Erityisesti
pitkét etdisyydet palveluihin ja levdhdyspaikkojen puute lisdédvit riskia kavely-
vaikeuksien syntymiseen yli kaksinkertaisesti verrattuna henkiltihin jotka eivit
kyseisid ympériston esteitd raportoineet.

Koetut ympariston esteet my6s lisdsivit ulkona liikkumisen pelkoa hyvi-
kuntoisilla ikdantyneilld. Yli puolet tutkimukseen osallistuneista pelkési liikkua
ulkona. Erityisesti liikenteen melu lisdsi ulkona liikkumisen pelkoa, mutta myos
katujen huono kunto ja mékinen maasto olivat turvattomuuden taustalla. Pelko
oli yleisempdd naisilla, niilld jotka asuivat yksin, niilld jotka kokivat taloudelli-
sen tilanteensa heikoksi sekd joilla oli tuki- ja litkuntaelinsairauksia. Ulkona
lilkkumisen pelolla oli suuri vaikutus myos liikkumisvaikeuksien syntymiseen.
Ne henkil6t, jotka raportoivat ulkona liikkumisen pelkoa, mutta joilla ei ollut
liikkkumisvaikeuksia alkutilanteessa, oli yli kolminkertainen riski saada uusi
kavelyvaikeus ensimmadisen puolen vuoden seurannan aikana verrattuna niihin
jotka eivit peldnneet ulkona liikkumista.

Ulkona liikkumisen pelko sekd litkenteen melu ennustivat tyydyttdmat-
tomén liikunnantarpeen syntymistd. Tyydyttamaton liikunnantarve on melko
yleinen ilmi6 itsendisesti kotona asuvilla ikddntyneilld. Erityisesti tyydyttama-
tontd liilkunnantarvetta kokivat henkilot, joilla oli haasteellinen kodin ldhiym-
péristo ja liikkkumisvaikeuksia.

Eldménlaatunsa kokivat heikommaksi ne henkil6t, joilla on useita esteitd
ympadristdssddn, sekd ne, jotka kokivat ulkona liikkumisen pelkoa ja tyydytta-
métontd liitkunnantarvetta. Polkumallianalyysi osoitti, ettd ympariston esteet
heikensivit eldimdnlaatua ulkona liikkumisen pelon ja tyydyttaméattoman lii-
kunnantarpeen kautta. Kuitenkin pitkit etdisyydet palveluihin seké levihdys-
paikkojen puute vaikuttivat myos suoraan heikkoon eldmanlaatuun.

Yhteenvetona voidaan todeta, ettd koetut ympariston esteet lisdavat riskid
itseraportoitujen liikkumisvaikeuksien syntymiseen ja heikentdvat mahdolli-
suuksia ulkona liikkumiseen, siten heikentden eldminlaatua hyvakuntoisilla,
itsendisesti kotona asuvilla idkkailla ihmisilld. Tama tutkimus osoittaa, ettd ym-
pariston merkitys idkkdiden ihmisten toimintakyvyn yllapitimisessd on suu-
rempi kuin on aikaisemmin huomattu. Ulkona liikkumisen pelkoa seké tyydyt-
tamétontd liikunnantarvetta kokevat ikddntyneet ihmiset on tdrked tunnistaa
ajoissa, koska he ovat edelleen halukkaita lilkkumaan mutta tarvitsevat siihen
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erilaista tukea ja ohjausta kuin nuoremmat. Lisdksi liikkumisen esteiden ratkai-
seminen on tarkeds, jotta voitaisiin edistdd tasavertaisia mahdollisuuksia liikun-
taan osallistumiseen, ja siten estdd uusien toiminnanvajauksien syntymista.
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OBJECTIVES: To study which individual characteristics
and environmental factors correlate with fear of moving
outdoors and whether fear of moving outdoors predicts
development of mobility limitation.

DESIGN: Observational prospective cohort study and
cross-sectional analyses.

SETTING: Community and research center.
PARTICIPANTS: Seven hundred twenty-seven community-
living people aged 75 to 81 were interviewed at baseline, of
whom 314 took part in a 3.5-year follow-up.
MEASUREMENTS: Fear of moving outdoors and its po-
tential individual and environmental correlates were as-
sessed at baseline. Perceived difficulties in walking 0.5 km
and 2 km were assessed twice a year over a 3.5-year period.
RESULTS: At baseline, 65% of the women and 29% of the
men reported fear of moving outdoors. Poor socioeconomic
status; musculoskeletal diseases; slow walking speed; and
the presence of poor street conditions, hills in the nearby
environment, and noisy traffic correlated with fear of mov-
ing outdoors. At the first 6-month follow-up, participants
with fear of moving outdoors had more than four times the
adjusted risk (odds ratio (OR) = 4.6, 95% confidence in-
terval (CI) = 1.92-11.00) of developing difficulties in walk-
ing 0.5km and a three times greater adjusted risk
(OR = 3.10, 95% CI = 1.49-6.46) for developing difficulty
in walking 2km compared with those without fear. The
difference in the prevalence of walking difficulties remained
statistically significant over the 3.5-year follow-up (P =.02
and P =.009, respectively).

CONCLUSION: Fear of moving outdoors is common in
older adults and increases the risk of developing self-
reported difficulties in walking 0.5 km and 2 km. Knowl-
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edge about individual and environmental factors underly-
ing fear of moving outdoors and finding ways to alleviate
fear of moving outdoors are important for community
planning and prevention of disability. ] Am Geriatr Soc
57:634-640, 2009.

Key words: fear of moving outdoors; walking difficulty;
environment; aging

In older people, loss of the ability to move outdoors may
threaten independent living in the community and par-
ticipation in social and physical activities. Outdoor physical
activity, particularly walking, plays a key role in the main-
tenance of functional independence in old age.'

One model of the disablement process indicates that
“disability is not a personal characteristic, but is instead
a gap between personal capability and environmental de-
mand.”? Health-related factors, together with environmen-
tal features, may restrict outdoor activities, and changes in
one may affect the other.>* Previous studies have shown
that environmental features, such as poor street conditions
and lighting, correlate with a lower level of physical activity
and walking and a higher prevalence of outdoor mobility
restriction.’~!% Of individual characteristics, physical inactiv-
ity, low socioeconomic status, depression, and illnesses have
been observed to predict incident mobility limitation.!!~14

Understanding the factors affecting outdoor mobility in
older adults helps to find ways to facilitate and motivate
older adults to move outdoors, thus potentially preventing
the development of disabilities.> Fear of moving outdoors
may be a factor contributing to the risk of developing mo-
bility limitation. The definition used in the current study is
an adaptation of a previously developed definition of fear of
falling: “a lasting concern about falling that leads to an
individual avoiding activities that he/she remains capable of
performing.”'S That is, fear of moving outdoors was de-
fined for the current study as an emotional condition that
can lead to avoidance of outdoor activities that are well
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within a person’s functional health capacity. This study
asked whether people were having feelings of insecurity
when moving outdoors and, if they avoided going outdoors,
whether that was because of fear.

To the authors’ knowledge, fear of moving outdoors
has not been studied before. Studies of fear in older adults
have mostly concerned fear of crime'®~'? or health concerns
(e.g., fear of falling in general).'®2%-24 These studies have
shown that fear is common, especially in older women, and
that fear correlates with factors such as low socioeconomic
status and poor health.*!7-25-27 Studies on fear of falling
and fear of crime give support to the suggestion that fear
may restrict physical activity®?>2%28:2% and thus lead to
decline in physical capabilities.2®-3¢

The “Screening and Counseling for Physical Activity
and Mobility” project (SCAMOB) provided an opportunity
to study fear of moving outdoors in community-living older
persons who were able to walk independently outdoors but
still could perceive difficulty in walking. The aim was to
study which individual characteristics and environmental
factors correlate with fear of moving outdoors and to ex-
amine whether fear of moving outdoors predicts develop-
ment of mobility limitation over a 3.5-year follow-up.

METHODS

Design

This observational study was based on cross-sectional
analyses of baseline data and prospective twice-annual
follow-up data over a 3.5-year period on the control group
recruited for SCAMOB, a randomized controlled trial
(ISRCTN 07330512). The SCAMOB project investigates
the effects of physical activity counseling in community-
living older people. The study design and methods are de-
scribed in detail elsewhere.3!

Study Population

The target population of the study comprised community-
living residents of the City of Jyviskyld, Finland, aged 75 to
81. In 2003, 727 people (188 men and 539 women, mean
age 77.6 & 2.0) were interviewed in their homes. Of these,
657 participated in physical assessments and interviews
conducted by a nurse examiner in the study center.

To be eligible for the follow-up of this study, partici-
pants had to have a Mini-Mental State Examination
(MMSE) score greater than 21, be able to walk 500 m
without help from another person, be only moderately
physically active or sedentary (at most 4 hours of walking
or 2 hours of other exercise weekly), and have no medical
contraindications for physical activity.>! Telephone inter-
views on mobility were conducted three times at 6-month
intervals after baseline, face-to-face interviews were con-
ducted at the 2-year follow-up point, and telephone inter-
views were conducted again three times at 6-month intervals
after that for an overall follow-up period of 3.5-years.

Baseline interview data (N =727) were used for the
cross-sectional analyses, and data from the SCAMOB con-
trol group (n=314) were used to follow up the naturally
occurring changes in mobility. The dropout rate in the con-
trol group over 3.5 years was 14% (45 persons); 18 died, 16
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declined, eight dropped out because of poor health, one
moved, and two could not be reached.

For prospective analyses on the development of per-
ceived difficulty in walking 2 km or 0.5 km, control group
members who reported no difficulty in these tasks at base-
line were included (walking 2 km, n = 214; walking 0.5 km,
n=266).

The ethical committee of the Central Finland Central
Hospital approved the SCAMOB project. Participants
were informed about the research and signed an informed
consent.

Measurements

Background Characteristics

Sociodemographic indicators included age, living arrange-
ments (alone or with someone), years of education, and
perceived financial position (very bad, bad, or moderate vs
good or very good). Information on chronic conditions was
elicited as self-reported physician-diagnosed chronic con-
ditions that the nurse examiner confirmed in the clinical
examination. A condition was considered chronic if it had
lasted longer than 3 months. Chronic conditions were then
divided into the categories of cardiovascular, musculoskel-
etal, and lung diseases. Use of mobility devices indoors and
outdoors was self-reported. At baseline, 10% of the par-
ticipants used a cane, and none used a walker or wheelchair
when moving outdoors. Cognitive impairment was assessed
using the MMSE3? and depressive symptoms using the
Center for the Epidemiologic Studies Depression Scale
(CES-D).33

Fear of Moving Outdoors

A variable was created to describe fear of moving outdoors
based on two questions included in a larger questionnaire
on health, lifestyle, and outdoor mobility.3!-3* In the first
question, participants were asked to choose from a list of
items all those that described their situation. Participants
who agreed with the following statement, “I have feelings of
insecurity when moving outdoors,” were considered to have
fear of moving outdoors. In addition, participants were
asked whether they avoided moving outdoors and, if so, to
write down their reasons for avoiding going outdoors.
Those who reported that they avoided moving outdoors
because of reasons that could be categorized as perceived
elements of danger, insecurity due to other pedestrians, or
fear were also considered to have fear of moving outdoors.
People reporting other reasons for not going outdoors, such
as poor vision, were not categorized as having fear of mov-
ing outdoors. To be categorized as having fear of moving
outdoors, participants had to report feelings of insecurity
when moving outdoors; or avoiding moving outdoors be-
cause of perceived elements of danger, insecurity due to
other pedestrians or fear; or both.

Maximal Walking Speed

Maximal walking speed was measured in the study center
corridor over a distance of 10 m. Participants were allowed
2m to 3m for acceleration before the start line and were
encouraged to walk as fast as possible without risking their
health. Timing was done using a stopwatch. Participants
wore sneakers or walking shoes, and use of a walking aid
was allowed if needed. Walking speed has previously been
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shown to be a reliable and valid measurement of functional
performance in older people.3*

Mobility

Perceived difficulties in walking 2km and 0.5km were
studied twice a year over the 3.5-year follow-up period. The
questions were formulated as follows: “Do you have diffi-
culty in walking 0.5km?” and “Do you have difficulty in
walking 2 km?” with response options: I am able to manage
without difficulty, [ am able to manage with some difficulty,
T am able to manage with great deal of difficulty, I am able
to manage only with the help of another person, and I am
unable to manage even with help. For the analyses, options
were dichotomized as “no difficulty” (1) and “difficulty”
(2-5).

Environmental Factors

Environmental factors were examined as perceived by the
participants, using standardized questionnaires, providing a
subjective view of the participants’ environment and fea-
tures of the walking routes they used. Participants were
asked whether certain environmental features weakened
their possibilities for physical activity, with yes or no re-
sponses. The perceived environmental features studied were
poor street conditions, hills in the nearby environment, long
distances to everyday services (e.g., shops, banks), lack of
resting places, noisy traffic, and dangerous crossroads.

Statistical Analysis

Background characteristics, fear of moving outdoors, envi-
ronmental factors, and walking speed were assessed at
baseline, and perceived difficulty in mobility was studied
twice a year over the 3.5-year follow-up period. Baseline
characteristics were described using means and standard
deviations or percentages. Differences between the fear
and no-fear groups were assessed using chi-square tests for
categorized variables and #-tests for continuous variables.
Logistic regression models were used to study factors as-
sociated with fear of moving outdoors. First only age and
sex were adjusted for. Thereafter, all variables suspected of
correlating with fear of moving outdoors were included in
the model. When the 95% confidence intervals (CIs) did not
include 1, or P<.05, the differences were regarded as sta-
tistically significant. SPSS version 14.0 (SPSS Inc., Chicago,
IL) was used for the statistical analyses in the present cross-
sectional setting.

Fear of moving outdoors as a predictor of perceived
walking difficulty was studied by constructing generalized
estimating equation (GEE) models.3® This approach was
chosen, because it was anticipated that, after first reporting
walking difficulty, some people may recover from it. Prev-
alence at each data collection round, as shown in Figure 1, is
a function of incidence of and recovery from the difficulty
state. The exception is the first follow-up when prevalence
and incidence coincided, because people who reported
walking difficulty at baseline were excluded from these an-
alyses. In the GEE models, changes between states from no
difficulty to difficulty and from difficulty to no difficulty
were compared between groups formed according to pres-
ence of fear of moving outdoors at baseline. The interaction
effects, expressed as odds ratios (ORs), indicate whether
changes differed between those with fear of moving out-
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Figure 1. Unadjusted prevalences of perceived difficulty in
walking 0.5 km (n=266) and 2km (n=214) in subjects aged
75 to 81 without difficulty at baseline who were followed up
every 6 months for 3.5 years.

doors and those with no fear. It was decided to calculate the
ORs for each 6-month follow-up separately, because when
the changes would take place and how long they would last
could not be anticipated because of lack of earlier studies.
Each OR indicates whether changes to and from the state of
difficulty differed statistically significantly between the fear
and no-fear groups over each sequential 6-month period,
with the beginning of that period as the baseline. In addi-
tion, GEE modeling was used to analyze whether preva-
lence of perceived walking difficulty over the entire 3.5-year
period differed statistically significantly between those with
fear and those with no fear. All analyses were performed
separately for perceived difficulty in walking 0.5 km and
2km. Two separate GEE models were constructed for each
distance. In the base model, age and sex were included as
covariates. In the adjusted model, age, sex, education in
years, musculoskeletal diseases, depressive symptoms,
walking speed, and environmental factors were included
as covariates. For cases with missing values at some point
over the 3.5-year follow-up, data were imputed with the
multiple imputation procedure implemented in SAS by
using information on other mobility tasks and baseline in-
formation, such as number of long-term diseases, body
mass index, and MMSE and CES-D score. The sensitivity
analyses performed suggested no substantial differences
in effects due to imputation. Subjects who died (n =18)
during follow-up were censored at the date of death, and



JAGS APRIL 2009-VOL. 57, NO. 4

missing values were not imputed. The analyses were per-
formed with SAS version 9.1 (SAS Institute, Inc., Cary, NC)
using the GENMOD procedure.

RESULTS

At baseline, the mean age + standard deviation of the par-
ticipants (n = 727) was 77.6 £ 1.9 (range 75-81), and 75%
were women. At baseline, 8% of men and 11% of women
reported feelings of insecurity when moving outdoors, and
26% of men and 62% of women avoided moving outdoors
because of fear, insecurity because of other pedestrians, or
other perceived elements of danger. In total, 65% of women
and 29% of men reported one or the other and were cat-
egorized as having fear of moving outdoors.

Baseline individual and environmental characteristics
are shown in Table 1 categorized according to presence or
absence of fear of moving outdoors. People who reported
fear of moving outdoors were more likely to be female, to

Table 1. Association Between Baseline Characteristics
and Fear of Moving Outdoors in Community-Living Peo-
ple Aged 75 to 81

Fear No Fear
Characteristic (n=1405) (n=322) P-Value*
Age, mean + SD 777+20 774+20 .08
Education, years, mean + SD 85+ 35 97 +48 <.001
Center for Epidemiologic 10.7 £ 7.8 95473 .037
Studies Depression Scale
score, mean =+ SD
Mini-Mental State Examination ~ 26.6 + 2.4  26.9 + 2.6 .102
score, mean + SD
10-m walking speed, m/s, 130 £ 04 142404 <.001
mean =+ SD
Female, % 86 59 <.001
Living alone, % 63 51 .001
Financial situation, % .003
Bad or moderate 63 53
Good or very good 37 47
Cardiovascular disease, % 68 65 .46
Lung disease, % 17 16 72
Musculoskeletal disease, % 69 40 <.001
Use of cane, % 10 10 .95
Walking 0.5 km, % 48
No difficulties 84 85
Difficulties 16 15
Walking 2 km, % .06
No difficulties 62 68
Difficulties 38 32
Environmental factors, %
Poor street condition 23 14 .002
Hills 27 17 .001
Long distances 12 8 10
Lack of resting places 13 10 a7
Noisy traffic 16 7 <.001
Dangerous crossroads 15 1 13

* Chi-square test and -test.
SD = standard deviation.
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have less education, to have a poorer financial situation, to
live alone, to have musculoskeletal diseases and slower
walking speed, and to report poor street condition, noisy
traffic, and hills in their environment. Older age correlated
with fear of moving outdoors with borderline significance
(P =.08). The results are shown with men and women
combined in the same analyses because the associations
were almost identical for both sexes. Women were more
than four times as likely to report fear of moving outdoors
as men (OR =4.47,95% CI = 3.11-6.41). Each additional
year of age increased the odds of reporting fear of moving
outdoors by 7% (OR =1.07, 95% CI=0.99-1.15). The
associations were further inspected using logistic regression
models with presence of fear of moving outdoors as the
outcome. The models adjusted for age and sex, as well as
the full model with all covariates included, were mostly in
agreement with the crude analyses (Table 2). Further ana-
lyses were performed stratifying data according to presence
of difficulties in walking 2 km at baseline, and it was ob-
served that poor street conditions, noisy traffic, and hills
increased the probability of having fear of moving out-
doors, particularly in those who reported difficulty walking
2 km and much less so in those without perceived difficulty
(data not shown).

Table 2. Factors Associated with Fear of Moving Out-
doors in Logistic Regression Analysis at Baseline in People
Aged 75 to 81 (N = 654-727)

Bivariate™

Multivariate

Odds Ratio (95%

Factor Confidence Interval)

Living alone

Education in years
Financial situation bad or
moderate versus good or very
good

Cardiovascular disease
Lung disease
Musculoskeletal disease
Center for Epidemiologic
Studies Depression Scale
score

Mini-Mental State Examination
score
10 m walking speed, m/s
Difficulties versus no
difficulties walking 0.5 km
Difficulties versus no
difficulties walking 2 km
Environmental factors
Poor street condition 1.71 (1.13-2.58)
Hills 1.59 (1.08-2.32)
Long distances 1.36 (0.81-2.31)
Lack of resting places 1.36 (0.84-2.22)
Noisy traffic 2.67 (1.57-4.56)
Dangerous crossroads 1.43 (0.90-2.29)

0.94 (0.67-1.32)
0.94 (0.90-0.98)
1.49 (1.09-2.04)

0.77 (0.52-1.14)
0.96 (0.91-1.01)
1.13 (0.77-1.65)

1.21 (0.87-1.68)
0.99 (0.65-1.49)
1.94 (1.42-2.66)
1.02 (0.99-1.04)

1.19 (0.83-1.72)
0.83 (0.51-1.35)
1.90 (1.33-2.73)
1.00 (0.98-1.03)

0.96 (0.90-1.02) 0.93 (0.85-1.02)

0.58 (0.36-0.94)
1.01 (0.48-2.15)

0.87 (0.48-1.56)
0.84 (0.29-2.38)

1.19(0.75-1.82) 0.91 (0.50-1.67)

1.31 (0.80-2.12)
1.28 (0.81-2.04)
1.14 (0.62-2.11)
1.04 (0.56-1.90)
2.40 (1.32-4.39)
1.12 (0.65-1.95)

* Age- and sex-adjusted bivariate odds ratios.
" Age- and sex-adjusted multivariate full model with all variables included in
the model simultaneously.
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Table 3. Effect of Fear of Moving Outdoors on the
Development of Perceived Difficulty Walking 0.5 km and
2 km in People Aged 75 to 81 Afraid of Moving Outdoors
Versus Not Afraid of Moving Outdoors

Base Model* Adjusted Model
Months OR (95% Confidence Interval)
Difficulty walking 0.5 km
0-6 2.56 (1.39-4.72) 4.60 (1.92-11.00)
7-12 0.71 (0.41-1.23) 0.52 (0.26-1.06)
13-18 0.94 (0.56-1.59) 0.98 (0.46-2.08)
19-24 0.93 (0.54-1.61) 0.93 (0.40-2.15)
25-30 1.05 (0.62-1.78) 0.87 (0.41-1.85)
31-36 0.62 (0.35-1.08) 0.67 (0.31-1.44)
37-42 1.22 (0.70-2.11) 1.15 (0.54-2.46)
Over time P=.06 P=.02
Difficulty walking 2 km
0-6 2.02 (1.27-3.22) 3.10 (1.49-6.46)
7-12 0.81 (0.54-1.21) 0.83 (0.47-1.48)
13-18 1.04 (0.67-1.62) 1.07 (0.56-2.03)
19-24 1.17 (0.73-1.87) 1.26 (0.59-2.68)
25-30 0.63 (0.39-1.01) 0.46 (0.22-0.93)
31-36 1.16 (0.75-1.78) 1.43 (0.78-2.61)
37-42 1.68 (1.10-2.55) 1.69 (0.96-2.96)
Over time P=.008 P=.009

Note: Interaction effect expressed as odds ratio (OR) indicates the difference
between the groups over time.

* Adjusted for age and sex.

 Adjusted for age, sex, education, musculoskeletal disease, depressive symp-
toms, walking speed and presence of poor street conditions, hills, long dis-
tances, lack of resting places, noisy traffic, and dangerous crossroads.

The prevalence of mobility difficulty at each 6-month
interview during the 3.5-year follow-up in those without
self-reported difficulty at baseline in the 0.5km or 2km
walking are shown in Figure 1. The results of the related
GEE models are shown in Table 3. People who reported fear
of moving outdoors but no difficulty walking 0.5km or
2 km at baseline were three to almost five times as likely to
develop perceived difficulty during the following 6 months.
From 6 months onward, the changes to and from the per-
ceived difficulty state were similar between the fear and no-
fear groups, making the further ORs nonsignificant and the
changes in prevalence parallel. The difference in the prev-
alence of perceived difficulty in walking remained statisti-
cally significant throughout the 3.5-year follow-up for
walking 0.5 km and 2 km (Table 3 and Figure 1).

DISCUSSION

In the present study, fear of moving outdoors predicted
greater risk of developing self-reported difficulties in walk-
ing 0.5 km and 2 km during the first 6 months after baseline.
The resulting difference in prevalence remained significant
over the entire 3.5-year follow-up. It was observed that fear
of moving outdoors is common in older people, especially in
women, and that poor socioeconomic status, musculoskel-
etal diseases, slow walking speed, and the presence of neg-
ative environmental features underlay fear of moving
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outdoors but do not explain the greater risk of incident
mobility limitation of those with fear of moving outdoors.

In the previously developed disablement process
model? and an ecological model of aging,* disability is seen
as a gap between personal capability and environmental
demand, suggesting that personal and environmental com-
ponents have to be in balance to support adaptive behavior.
Fear of moving outdoors may be a consequence of perceived
imbalance between environmental demand (or threat) and
personal capability, and it was anticipated that fear of
moving outdoors would contribute to the path-
way from environmental and individual risks to outdoor
mobility limitation. The results showed that the presence of
other risk factors for mobility decline did not explain the
higher risk of developing perceived difficulty walking 2 km
or 0.5 km in people reporting fear of moving outdoors but
that fear increased the risk of mobility decline independent
of these risk factors. Adjusting the GEE models for poten-
tial confounders did not attenuate the ORs but instead
increased them.

It is possible that fear of moving outdoors is a subjec-
tive sign of impending task difficulties. This is consistent
with the finding that differences in perceived walking diffi-
culties in 0.5km and 2km emerged during the first 6
months of follow-up. It is also possible that fear-related
avoidance of activities accelerates the disablement process
because of the consequences of physical inactivity and re-
duced participation in social and other out-of-home activ-
ities. Earlier studies have shown that outdoor physical
activity mediates the association between fear of falling and
falls.?® The possibility that perceived fear of moving out-
doors may have a direct effect on perceived difficulty in
walking cannot be excluded. Fear of moving outdoors may
cause feelings of discomfort and thus directly influence per-
ceived difficulty in outdoor mobility, although all potential
subjects with perceived difficulty at baseline were excluded
from the prospective analyses. It is unlikely that overlap in
people’s minds in the concepts of fear of moving outdoors
and perceived difficulty walking specific distances would
explain the results. Furthermore, it cannot be excluded that
time of year may influence fear of moving outdoors or per-
ceived walking difficulties, although all baseline interviews
took place during a 3-month period in spring and thereafter
at 6-month intervals during autumn or spring. Because
people with and without fear of moving outdoors were al-
ways interviewed at the same time of the year, seasonal
variations are not likely to add further explanation.

To the best of the authors’ knowledge, this is the first
study on fear of moving outdoors in old age, but previous
studies on fear of falling and fear of crime have yielded
similar results about underlying factors.!”2%2%37 Some
studies of fear of falling have recognized that this partic-
ular fear might be part of a more generalized psychological
disorder?’ or generalized fearfulness,>® which suggests a
need for more broad-based approach to this phenome-
non. It is also possible that fear of moving outdoors reflects
other emotional conditions, such as depression. Depressive
symptoms also increase the risk of outdoor activity restric-
tion,>” although in the age- and sex-adjusted analysis, only
a weak association between fear of moving outdoors and de-
pressed mood was observed, which disappeared in the multi-
variate analyses, suggesting that fear of moving outdoors is
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a phenomenon independent of depressed mood. Unfortu-
nately, data for addressing the associations between fear of
falling, fear of crime, and fear of moving outdoors were not
available in this study. This topic warrants further study.

Being female, having less education and musculoskeletal
diseases, and presence of noisy traffic correlated with fear
of moving outdoors. In addition, other studies have found
that fear is more common in women that men.”17-26:27:40
Furthermore, higher socioeconomic status, indicated by
more education and good perceived financial situation, de-
creased the probability of fear of moving outdoors. In pre-
vious studies, correlation between high socioeconomic
status and the more favorable neighborhood characteris-
tics has been found,?”-*!~** although in this study, almost all
of the participants were living in the same urban area, most
of them in condominiums and some in detached houses, and
therefore there were only minor differences in neighbor-
hood characteristics across the sample. Years of education
and good perceived financial situation may thus be indica-
tors of general resources in life and thus have a positive
influence on the self-reliance of the individual.

Reporting that the neighborhood was demanding, in
terms of poor street conditions, hills in the nearby environ-
ment, and noisy traffic, increased the probability for fear of
moving outdoors. According to reports by the Finnish Road
Administration** and some other previous studies, lighting
conditions, snow, and ice affect the willingness of older
adults to go out.*® In a previous study,** excessive noise,
inadequate lighting, traffic, and limited access to public
transportation were connected with greater risk of loss of
physical function. Other studies have also found associa-
tions between physical activity and environmental charac-
teristics such as safety.>®%%%” It is possible that an
environment perceived as stressful may accentuate unwill-
ingness to go outdoors, particularly in people with mobility
limitations.2'-2648:4 In contrast, in the data used for the
current study, no information on supportive environmental
aspects were available, but positive environmental factors
should also be taken into account in further studies.

In this study, good walking speed protected from fear of
moving outdoors, whereas musculoskeletal diseases in-
creased its risk. The category of musculoskeletal diseases
included conditions such as arthritis but also previous frac-
tures and osteoporosis. People with osteoporosis are aware
of their risk of fractures’® and may thus develop fear of
moving outdoors. A bone fracture is a dramatic and painful
event and will likely lead to fear and avoidance of activities
that may predispose the person to report fear of moving
outdoors.

The strengths of this study are the large, popula-
tion-based sample and cross-sectional and longitudinal data
analyses of a topic that has not been widely studied. The
longitudinal analyses gave us the opportunity to study the
temporal connections between fear of moving outdoors and
perceived walking difficulties. There is no widely accepted
instrument to measure fear of moving outdoors. This study
suggests that fear of moving outdoors is an existing and
meaningful phenomenon and supports the need to develop
a validated self-report measure for this phenomenon. This
study was not designed specifically to examine fear of mov-
ing outdoors. Nevertheless, even with a crude measure, the
results showed that fear may lead to deterioration in func-
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tional ability in old age. In addition, because of the sample
characteristics of the original study, the community-living
sample of older people for the current study was truncated
(with a rather narrow age range and the most disabled and
the most vigorous individuals excluded). Therefore, the re-
sults may be viewed as an underestimation rather than an
overestimation of the effects of fear of moving outdoors on
perceived walking difficulty.

CONCLUSION

Fear of moving outdoors is common in older adults and
increases the risk of developing perceived walking difficul-
ties. Knowledge about the individual and environmental
factors underlying fear of moving outdoors and finding
ways to alleviate fear of moving outdoors are important for
community planning and prevention of disability. The topic
warrants further study.
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OBJECTIVES: To examine which individual and environ-
mental factors correlate with unmet physical activity need
in old age and predict development of unmet physical ac-
tivity need (the feeling that one’s level of physical activity is
inadequate and thus distinct from the recommended
amount of physical activity) over a 2-year follow-up.
DESIGN: Observational prospective cohort study and
cross-sectional analyses.

SETTING: Community and research center.
PARTICIPANTS: A total of 643 community-living ambu-
latory people aged 75 to 81 took part in face-to-face inter-
views and examinations at baseline and 314 at the 2-year
follow-up.

MEASUREMENTS: Unmet physical activity need and its
potential individual and environmental correlates were as-
sessed at baseline. Development of unmet physical activity
need was assessed over the 2-year follow-up period.
RESULTS: At baseline, all participants were able to walk
at least 500 m outdoors, but 14% perceived unmet physical
activity need. Unmet physical activity need was more prev-
alent in those with musculoskeletal diseases, depressive
symptoms, and mobility limitations. Hills in the nearby
environment, lack of resting places, and dangerous cross-
roads correlated with unmet physical activity need at base-
line; the association was especially strong in those with
walking difficulties. Significant baseline predictors for inci-
dent unmet physical activity need (15%) included fear of
moving outdoors, hills in the nearby environment, and
noisy traffic.

CONCLUSION: Unmet physical activity need is common
in ambulatory community-living older people who have
health and mobility problems and report negative environ-
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mental features in their neighborhood. Solutions to over-
come barriers to physical activity need to be developed to
promote equal opportunities for physical activity partici-
pation. ] Am Geriatr Soc 58:707-712, 2010.

Key words: unmet need; physical activity; environment;
aging

hysical activity is typically defined as any bodily move-

ment produced by skeletal muscles that result in an ex-
penditure of energy.! The need for physical activity is
fundamental for human beings of all ages. Because of its
health benefits, such as preventing chronic conditions, mo-
bility loss, and maintaining community independence,? it
is now recognized that older people need to be encouraged
to maintain and adopt an active life-style (e.g., the Second
World Assembly on Ageing in 2002%). It is widely recog-
nized that frail older people in residential care facilities are
extremely physically inactive, but unmet need for physical
activity in community-living, ambulatory people has not
been acknowledged.

An earlier study found that the majority of older com-
munity-living people wished to increase their level of phys-
ical activity,® but a substantial proportion of them also felt
that they lacked the opportunity to do so. This situation was
defined as unmet need for physical activity, because the
people in question were less physically active than they
wished to be. Unmet physical activity need is, then, the
feeling that one’s level of physical activity is inadequate and
is therefore distinct from the amount of physical activity
recommended as sufficient for good health.” To the authors’
knowledge, the unmet need of physical activity in older
people has not been studied before. A basic need, in general,
may be defined as “an energizing state that, if satisfied,
conduces toward health and well-being but, if not satisfied,
contributes to ill-being.”® Inadequately met basic needs
predict depression,” problems in physical functioning,'®
and mortality.'! Previous research in the field of unmet
needs of older people has been limited almost entirely to
the needs of care, health services, personal assistance, and
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economic security.”~'# Satisfying physical activity need is
unique in the sense that it ranges from physiological func-
tions, such as breathing or muscle activity, to valued social
activities, such as doing volunteer work or going to an art
event, referring to participation as described in the Inter-
national Classification of Functioning, Disability and
Health.! It is currently unclear what factors lead to
unmet need for physical activity in ambulatory commu-
nity-living older people. An earlier study of ambulatory
people showed that a greater proportion of those who per-
ceived difficulty in walking were more willing to increase
their physical activity than those who perceived no such
difficulties.'® Moreover, negative environmental features
may restrict participation in physical activities, especially
for those who perceive difficulty in walking, thus leading to
severe functional deterioration.'”>!8 Loss of personal capa-
bilities together with high environmental demands reduce
the opportunity for adaptive behavior'® and may thus pre-
dispose people to perceive unmet need for physical activity.
The aim of this study was to examine which individual
characteristics and environmental factors correlate with
unmet physical activity need, whether and, if so, how
environmental features are related to unmet physical activ-
ity need in older people with perceived walking difficulties,
and what factors would predict the development of unmet
physical activity need over a 2-year follow-up period.

METHODS

Design

This observational study was based on cross-sectional anal-
yses of baseline data and prospective follow-up data over a
2-year period on the control group recruited for a random-
ized controlled trial entitled “Screening and Counselling for
Physical Activity and Mobility” (SCAMOB) (ISRCTN
07330512). The SCAMOB project investigates the effects
of physical activity counseling in community-living older
people in Finland. The study design and methods have been
described in detail elsewhere.®

Study Population
The target population of the study comprised community-
living residents of the City of Jyviskyli, Finland, aged 75 to
81 (N =1,310). To be eligible for the study, participants
had to have a Mini-Mental State Examination (MMSE)
score greater than 21, be able to walk 500 m without help
from another person, be only moderately physically active
or sedentary (at most 4 hours of walking or 2 hours of other
exercise weekly), and have no medical contraindications for
physical activity.® After screening, there were 643 partici-
pants in the cross-sectional analyses and 314 participants in
the control group for the follow-up of the development of
unmet physical activity need. For the prospective analyses
on the development of unmet physical activity need, those
control group members who did not have unmet physical
activity need at baseline were selected (n = 214). The drop-
out rate in the follow-up group over 2 years was less than
10%.

The Ethical Committee of the Central Finland Central
Hospital approved the SCAMOB project. Participants were
informed about the research and signed informed consent.

APRIL 2010-VOL. 58, NO. 4 JAGS

Measurements

The outcome measure of this study, unmet physical activity
need, was studied using the question “Do you feel that you
would have the opportunity to increase your level of phys-
ical activity level if someone recommended you do s0?” and
“Would you like to increase your level of physical activity?”
with the response options of yes or no. Persons who felt that
they had no opportunity to engage in physical activity but
were willing to increase their physical activity level were
defined as experiencing unmet physical activity need.

Sociodemographic indicators included age, living ar-
rangements (alone or with someone), years of education,
and perceived financial position (very bad, bad, or moder-
ate vs good or very good). Information on chronic condi-
tions was elicited as self-reported physician-diagnosed
chronic conditions that a nurse examiner confirmed in the
clinical examination. A condition was considered chronic if
it had lasted longer than 3 months. Chronic conditions were
then divided into the categories of cardiovascular, muscu-
loskeletal, and lung diseases. Cognitive impairment was
assessed using the MMSE?® and depressive symptoms with
the Center for Epidemiologic Studies Depression Scale.>!

Fear of moving outdoors was self-reported. People who
reported feelings of insecurity when moving outdoors or
avoidance of going outdoors because of perceived elements
of danger or insecurity due to other pedestrians or fear were
categorized as having fear of moving outdoors.??

Maximal walking speed was measured in the study
center corridor over a distance of 10 m. Participants were
allowed 2 to 3m for acceleration before the start line and
were encouraged to walk as fast as possible without risking
their health. Time was taken with a stop watch. Participants
wore sneakers or walking shoes, and use of a walking device
was allowed if needed.

Mobility limitation was studied using a structured in-
terview on perceived difficulties in walking 2 km. The ques-
tion was formulated as follows: “Do you have difficulty in
walking 2 km?” with the following response options: (1) I
am able to manage without difficulty, (2) I am able to man-
age with some difficulty, (3) [ am able to manage with great
deal of difficulty, (4) I am able to manage only with the help
of another person, and (5) I am unable to manage even with
help. For the analyses, perceived difficulties in walking was
dichotomized as no difficulties (1) and difficulties (2-5).

Self-reported reduction in physical activity was as-
sessed retrospectively at baseline. Participants were asked
about changes in their amount of physical activity during
the past few years, and five response options were given: (1)
reduced a lot, (2) reduced a little, (3) remained as before, (4)
increased a little, and (5) increased a lot. For the analyses,
self-reported reduction in physical activity was dichotomi-
zed as reduced (1-2) and not reduced (3-5).

Environmental factors were examined as perceived by
the participants using standardized questions providing a
subjective view of the outdoor environment and features of
the walking routes they used. That is, the participants were
asked whether certain environmental features negatively
affected their possibilities for moving independently out-
doors (yes or no). The environmental features asked about
were poor street conditions, hills in the immediate envi-
ronment, long distances to everyday services (e.g., shops,
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banks), lack of resting places, noisy traffic, and dangerous
crossroads.

Statistical Analyses

Baseline characteristics were described using means and
standard deviations or percentages. In the cross-sectional
setting, differences between those with and without unmet
physical activity need were analyzed using chi-square tests
for the categorical variables and #-tests for the continuous
variables. The results are shown with men and women
combined in the same analyses, because the sex-stratified
analyses showed almost identical results for both sexes.
Logistic regression analyses were used to identify the factors
associated with unmet physical activity need at baseline.
Age-, sex-, and fully adjusted associations were calculated.
Finally, the participants were stratified according to
whether they experienced difficulties walking 2 km to de-
termine whether the relationship between environmental
factors and unmet physical activity need differed between
these groups.

In the longitudinal setting, individual and environmen-
tal factors as predictors of unmet physical activity need
were studied using logistic regression analyses. Those re-
porting unmet physical activity need at baseline were ex-
cluded from these analyses. Two separate models were
created for the individual and environmental factors. The
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first model shows the age- and sex-adjusted bivariate asso-
ciations, and the second model is a multivariate model in
which all of the variables were included simultaneously and
adjusted for age and sex.

SPSS version 14.0 (SPSS Inc., Chicago, IL) was used for
all of the statistical analyses. When the 95% confidence
intervals (Cls) did not include 1, or when P was <.035, the
results were regarded as statistically significant.

RESULTS

The mean age of the participants (n = 643) was 77.6 £+ 1.9;
75% were women.

At baseline, 67% (68% of women and 63% of men)
were willing to increase their physical activity level, and
36% (35% of women and 37% of men) felt that they had
no opportunities to do so. In total, 14% (15% of women
and 12% of men) were categorized as having unmet phys-
ical activity need at baseline, because they reported will-
ingness to increase their physical activity while also
perceiving no opportunity to do so.

Baseline individual and environmental characteristics
are shown in Table 1 according to the presence or absence
of unmet physical activity need. People with unmet physical
activity need more often lived with someone and had de-
pressive symptoms, good cognitive functioning, slow walk-
ing speed, musculoskeletal diseases, and perceived walking

Table 1. Baseline Characteristics of Community-Living People Aged 75 to 81 with and without Unmet Physical Activity

Need (n=643)

Odds Ratio"
Characteristic With (n=90) Without (n = 553) P-Value* (95% Confidence Interval)

Age, mean + SD 778 £1.9 776 £1.9 25 1.07 (0.95-1.20)
Education, years, mean + SD 8.8 +38 92+43 40 0.98 (0.93-1.04)
Center for Epidemiologic Studies 129 + 8.0 97 +74 <.001 1.05 (1.02-1.08)
Depression Scale score, mean + SD
Mini-Mental State Examination score, mean + SD 275+19 270 £ 21 .03 1.14 (1.02-1.28)
10-m walking speed, m/s, mean + SD 12+04 14+£04 <.001 0.15 (0.08-0.31)
Fear of moving outdoors, % 58 56 .81 0.97 (0.61-1.56)
Female, % 79 75 37 1.27 (0.74-2.19)
Living alone, % 49 59 .06 0.53 (0.33-0.86)
Financial situation, % .20 1.34 (0.84-2.14)

Bad or moderate 64 57

Good or very good 36 43
Cardiovascular disease, % 72 66 .26 1.35 (0.82-2.21)
Lung disease, % 23 15 .09 1.58 (0.91-2.75)
Musculoskeletal disease, % 65 50 .006 1.86 (1.16-2.99)
Difficulty walking 2 km, % 60 30 <.001 3.48 (2.19-5.53)
Reduced physical activity, % 85 61 <.001 3.76 (2.04-6.95)
Environmental factors, %

Poor street conditions 24 18 14 1.47 (0.87-2.51)

Hills 34 21 .006 1.87 (1.14-3.02)

Long distances 13 9 22 1.47 (0.75-2.89)

Lack of resting places 22 9 <.001 2.94 (1.65-5.25)

Noisy traffic 13 12 .67 1.18 (0.61-2.28)

Dangerous crossroads 21 12 .01 2.06 (1.16-3.64)

* Chi-square test and #-test.
" Age- and sex-adjusted logistic regression analysis.
SD = standard deviation.
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Table 2. Environmental Factors Associated with Unmet
Physical Activity Need in Participants with and without
Perceived Difficulties in Walking 2km at Baseline
(n = 640)

Odds Ratio (95% Confidence Interval)*

Factor Difficulties (n = 215) No Difficulties (n = 425)

Poor street conditions

Yes 3.74 (1.70-8.25) 2.35 (1.10-5.03)
No 4.36 (2.54-7.48) 1.00
Hills
Yes 4.04 (2.07-7.88) 3.05 (1.44-6.48)
No 4.79 (2.71-8.49) 1.00
Long distances
Yes 1.52 (0.66-3.50) 2.30 (0.94-5.61)
No 3.68 (2.24-6.03) 1.00
Lack of resting places
Yes 5.71 (2.82-11.54) 2.80 (0.89-8.84)
No 3.24 (1.93-5.44) 1.00
Noisy traffic
Yes 2.82 (1.07-7.46) 1.73 (0.68-4.43)
No 3.87 (2.34-6.39) 1.00
Dangerous crossroads
Yes 7.72 (3.28-18.13) 2.09 (0.90-4.87)
No 3.48 (2.07-5.84) 1.00

* Adjusted for age and sex.

difficulties. They had also reduced their physical activity
level over the past few years. Of the environmental factors,
hills in the immediate environment, lack of resting places,
and dangerous crossroads were associated with unmet
physical activity need at baseline (Table 1). In the full
model, good cognitive status (odds ratio (OR) = 1.25,95%
CI = 1.09-1.44), reduction in physical activity (OR = 3.33,
95% CI=1.65-6.74), and presence of dangerous cross-
roads (OR = 2.02, 95% CI = 1.02-4.02) increased and liv-
ing alone (OR=0.32, 95% CI=0.18-0.57) and good
walking speed (OR=0.26, 95% CI=0.10-0.62) de-
creased the probability of unmet physical activity need
(data not shown in table).

Almost all of the negative environmental factors in-
creased the probability of unmet physical activity need,
in particular in those with difficulties in walking 2km
(Table 2). In particular, lack of resting places and dangerous
crossroads were strongly associated with risk of unmet
physical activity need in those with difficulties walking.
Poor street conditions and hills in the nearby environment
also increased the probability of unmet physical activity
need in those without difficulties in walking.

Of those who did not report unmet physical activity
need at baseline, 15% (17% of women and 10% of men)
developed unmet physical activity need over the 2-year fol-
low-up. In the prospective analyses, fear of moving out-
doors resulted in three times the risk of developing unmet
physical activity need compared with not being afraid
(Table 3). Participants reporting hills in their immediate
environment and noisy traffic were more than two times to
more than four times as likely to develop unmet physical

APRIL 2010-VOL. 58, NO. 4 JAGS

activity need. In the multivariate model studying individual
factors, fear of moving outdoors was an independent pre-
dictor of unmet physical activity need. In the multivariate
model studying environmental factors, only noisy traffic
predicted unmet need for physical activity when all of the
environmental factors were included simultaneously and
the model adjusted for age and sex. In the model including
all of the individual and environmental variables, the results
remained practically unchanged, but the statistical power
decreased because of the greater number of variables in the
model (data not shown).

DISCUSSION

To the authors’ knowledge, this study is the first to target
unmet need for physical activity in older people, and it
demonstrates that a fair proportion of those aged 75 to 81
feel that they do not have enough opportunities to increase
their physical activity level despite a willingness to do so.
Unmet physical activity need is the feeling that one’s level of
physical activity is inadequate and is therefore distinct from
the amount of physical activity recommended as sufficient
for maintaining good health.” The results of the present
study suggest that negative environmental features magnify
the risk for unmet physical activity need in those whose
mobility has started to decline. According to the ecological
model of aging,'® human behavior is the outcome of per-
sonal capabilities, environmental demands, and the inter-

Table 3. Predictors of Unmet Physical Activity Need in
Community-Living People Aged 75 to 81 (n = 214) over 2
Years of Follow-Up

Odds Ratio
(95% Confidence Interval)

Predictor Bivariate™ Multivariate”

Individual factors
Living alone
Center for the Epidemiologic
Studies Depression Scale
Mini-Mental State Examination
Fear of moving outdoors
Education in years

Financial situation
Bad or moderate vs good or
very good

Musculoskeletal disease

Difficulties vs no difficulties

walking 2km

Environmental factors
Poor street conditions 0.98 (0.31-3.10)
Hills 2.30 (1.00-5.27)
Long distances 1.28 (0.34-4.87)
Lack of resting places 0.66 (0.14-3.06)
Noisy traffic 4.48 (1.65-12.16)
Dangerous crossroads 1.35 (0.46-3.96)

1.21 (0.52-2.82)
1.03 (0.98-1.09)

1.17 (0.47-2.86)
1.03 (0.97-1.09)

0.89 (0.75-1.06)
3.07 (1.21-7.81)
1.01 (0.93-1.09)

0.85 (0.69-1.04)
2.82 (1.02-7.75)
1.04 (0.95-1.13)

112 (051-2.45)  1.38 (0.55-3.50)

2.01 (0.91-4.46)
1.42 (0.63-3.21)

1.38 (0.56-3.39)
1.22 (0.48-3.09)

0.52 (0.13-2.03)
2.49 (0.95-6.54)
1.50 (0.35-6.50)
0.25 (0.04-1.57)
461 (1.49-14.33)
1.08 (0.34-3.47)

* Age- and sex-adjusted bivariate associations
" Age- and sex-adjusted multivariate model, individual and environment fac-
tors analyzed separately.
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action of these two components. It was anticipated that
unmet physical activity need would be a consequence of a
mismatch between environmental demands and reduced
personal capabilities; these results support this assumption.

Although the present study sheds some light on the
development of unmet physical activity need, the dynamics
underlying this development remain partially unrevealed
and thus warrant further study. Fear of moving outdoors
and reduction in physical activity preceded the development
of unmet physical activity need, together with negative en-
vironmental features near the home. Depressive symptoms
were observed simultaneously with unmet physical activity
need, and thus it is possible that depressive symptoms are a
consequence rather than a cause of unmet physical activity
need. These findings are consistent with those of previous
studies in which high-level depressive symptoms have been
found in stroke survivors who have given up traveling using
public transport?? and an increase in depression in older
people who have given up other meaningful activities.>*>°

Stability of unmet physical activity need is currently
unclear, although almost half of those with unmet physical
activity need at baseline did not report it at follow-up,
which indicates that unmet physical activity need may be
transient. It seems likely that unmet physical activity need
becomes evident relatively soon after the occurrence of
events causing changes in physical activity, such as the need
to attend to a sick spouse or a disease or injury leading to
mobility decline. Later on, people may adapt to their cur-
rent situation, and the desire to be more physically active
may disappear. This is consistent with the finding that
walking difficulties coincided with unmet physical activity
need, whereas fear of moving outdoors preceded it. An
earlier study showed that fear of moving outdoors predicts
the development of new walking difficulties in the near fu-
ture,?? possibly leading to the development of unmet phys-
ical activity need.

It is also possible that fear of moving outdoors leads to
unmet physical activity need because of poor self-efficacy.
According to the self-efficacy theory, people fear and avoid
situations they believe exceed their coping skills,?® whereas
previous studies of fear of falling and fear of crime suggest
that fear restricts participation in outdoor activities.?’-2°
Ancillary analyses showed that fear of moving outdoors
reduced perceived possibilities for physical activity but did
not attenuate willingness to increase physical activity.

Turning to the environmental factors studied, hills in
the immediate environment and noisy traffic predicted de-
velopment of unmet physical activity need in the 2-year
follow-up. Noisy traffic was an independent predictor
of unmet physical activity need even when adjusted for
walking difficulties. Consistent with the finding of a recent
study identifying problems in pedestrian environments as
perceived by older people,3° traffic noise may indicate a
perception of busy roads that are dangerous, in which case,
it is worries about personal safety rather than the noise itself
that may lead to the perception that opportunities for
physical activity have become restricted and in turn to the
development of unmet physical activity need.

The strengths of the present study are the large, pop-
ulation-based sample and the application of cross-sectional
and longitudinal analysis of a topic that has not been widely
studied before. The longitudinal setting allows inferences to
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be made on the temporal order of events leading to the
development of unmet physical activity need and thus iden-
tify individuals who are at risk for marginalization from
physical activity. One limitation of this study is that that
definition of unmet physical activity need considered phys-
ical activity in general, whereas the environmental features
studied were rather specific for walking. Nevertheless,
walking outdoors is the most popular form of physical
activity of community-living older people in Finland and
often a prerequisite for attending other physical activities.
Thus, it is likely that the results were not substantially
weakened. In addition, the population studied was a trun-
cated sample of community-living older people, because the
most-disabled and most-vigorous people were excluded.®
The proportion of those in the general population experi-
encing unmet physical activity need is probably larger than
in the sample. Hence the results probably underestimate the
extent of the problem.

CONCLUSION

Unmet physical activity need is relatively common in
ambulatory community-living older people, especially for
those with health and mobility problems who also report
negative environmental features in their neighborhood.
These people form a fruitful target group for physical
activity promotion, although traditional physical activity
promotion programs are likely to be ineffective for them
because they may need more support. For example, volun-
teer walking buddies may be used to encourage them to
exercise. This topic merits further research.
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OBJECTIVES: To examine the association between barri-
ers in the outdoor environment and perceived quality of life
(QoL) in old age and to assess whether fear of moving out-
doors and unmet physical activity need contribute to this
association.

DESIGN: Cross-sectional.

SETTING: Community and research center.
PARTICIPANTS: Five hundred eighty-nine, community-
dwelling people aged 75 to 81 took part in face-to-face
home-interviews and examinations in the research center.
MEASUREMENTS: QoL was assessed using the LEIPAD
questionnaire. Environmental barriers were studied based
on self-reports of lack of resting places or long distances
(distances), noisy traffic or dangerous crossroads (traffic),
and hilly terrain or poor street condition (terrain). Fear of
moving outdoors and unmet physical activity need were
self-reported, and maximal walking speed was measured
over 10 m. A path analyses model using LISREL was used
for the statistical analyses.

RESULTS: QoL was worse among those who reported
more barriers in their outdoor environment, experienced
fear of moving outdoors or unmet physical activity need,
and had slower walking speed and more chronic diseases. In
the path model, in which 36% of the variation in QoL was
explained, terrain, traffic and distances influenced QoL
through fear of moving outdoors or unmet physical activity
need, whereas distances had a direct association with QoL.
CONCLUSION: An outdoor environment that encumbers
outdoor mobility increases perceptions of fear of moving
outdoors and unmet physical activity need and is associated
with poor QoL in older people. More research is needed
to confirm the temporal order and causality of these obser-
vations. J Am Geriatr Soc 58:2154-2159, 2010.
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For more than a decade, quality of life (QoL) has been
used as a broad outcome measure in health intervention
studies.! Although widely studied, there is no universally
accepted definition of QoL. Many studies have referred to
the definition of QoL as “individuals’ perception of their
position in life in the context of the culture and value sys-
tems in which they live and in relation to their goals, ex-
pectations, standards and concerns” given by the World
Health Organization Quality of Life group.? In the recent
literature, QoL is typically seen as a multidimensional en-
tity that includes domains such as health and symptoms,
mood, functioning, life satisfaction, and participation.>*
The ecological model of aging® considers human be-
havior and well-being to be strongly related to the envi-
ronment where a person lives and to her or his capabilities.
Lawton® defined QoL as “the multidimensional evaluation,
by both intrapersonal and social-normative criteria, of the
person-environment system of an individual in time past,
current, and anticipated.” The importance of environment
for QoL has been acknowledged, even if not yet widely
studied.”>® Studies have been limited to comparing differ-
ences in QoL according to types of housing, such as insti-
tutions and in the community. These studies have shown
lower QoL scores for participants living in assisted living
facilities or nursing homes than for those living in the com-
munity.8~10 Less is known about the association between
specific features of outdoor environment and QoL in older
community-dwelling people in general. One recent study
showed that fewer barriers in the physical environment
predicted good QoL but did not specify the most-severe
environmental barriers.? A study of people with spinal cord
injuries showed that negative environmental factors de-
crease possibilities of moving outdoors, thus having nega-
tive effects on life satisfaction.!! Similar studies have not
been conducted in older people, although there are studies
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showing that barriers in the outdoor environment increase
the risk of functional loss'? and walking difficulties' and
decrease physical activity participation.!'* A previous ana-
lyses of the current data found that perceived barriers in the
outdoor environment correlated with experiencing fear of
moving outdoors and unmet physical activity need.!5-'®

In recent years, knowledge of the benefits of moving
outdoors for physical, psychological, and social well-being
in older people has increased.!”>'® For example, restrictions
on participation in out-of-home activities and having to
give up meaningful activities reduce QoL.'=2! It is there-
fore intuitive that the presence of environmental barriers
may decrease QoL in older community-dwelling people,
but to best of the authors’ knowledge, no studies on this
topic have been published.

The aim of the study was to examine the associations
between perceived barriers in the outdoor environment and
QoL in older community-living people who are able to
move independently outdoors and to assess whether fear
of moving outdoors and unmet physical activity need play
a role in this association. The results of this study will
increase understanding of the role of the outdoor environ-
ment for QoL in ambulatory community-dwelling older
people. Such knowledge regarding environmental barriers
to outdoor mobility and physical activity is important when
planning residential areas for all ages.

METHODS

Design and Study Population

The data for this study are from the baseline measurements
of the randomized controlled trial entitled “Screening and
Counseling for Physical Activity and Mobility” (SCA-
MOB). The study design and methods have been described
in detail elsewhere.??

The target population for the study comprised all com-
munity-dwelling residents of the City of Jyviskyli, Finland,
aged 75 to 81 (N =1,310). To be eligible for the study,
participants had to have a Mini-Mental State Examination
(MMSE) score greater than 21, be able to walk 500 m
without help from another person, be only moderately
physically active or sedentary (at most 4 hours of walking
or 2 hours of other exercise weekly), and have no medical
contraindications for physical activity.?> The SCAMOB
project (International Standard Randomised Controlled
Trial Number 07330512) investigates the effects of physical
activity counseling in community-dwelling older people in
Finland. Seven hundred twenty-seven people (539 women,
188 men; mean age 77.6 & 2.0) were interviewed in their
homes, of whom 657 participated in physical assessments
and interviews conducted by a nurse examiner in the study
center.

The Ethical Committee of the Central Finland Central
Hospital approved the SCAMOB project. Participants
were informed about the research and signed an informed
consent.

Measurements

Quality of Life
Perceived QoL was assessed using the LEIPAD question-
naire.?? The participants were left the questionnaire during
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an at-home interview, given instructions on how to fill it in,
and asked to bring it to the study center, where the nurse
examiner checked it. The LEIPAD is constructed for use
with older people and includes 31 items related to seven
subscales: physical function (5 items), self-care (6 items),
depression and anxiety (4 items), cognitive functioning (5
items), social relations (3 items), sexual functioning (2
items), and life satisfaction (6 items). Each item is scored
from 0 to 3, with 0 indicating the best condition and 3 the
worst. Each subscale can be used to represent different di-
mensions of QoL, and a summed index of all items can be
used as an indicator of overall QoL. In the present study, the
summed index was used. Higher scores indicate worse QoL
(range 0-93).23 Reliability of the questionnaire has been
found to be good (0.81), and good or at least acceptable
values of internal consistency have been found (Cronbach
alpha 0.55-0.79).2%

Fear of Moving Outdoors

People who reported feelings of insecurity when moving
outdoors or avoided going outdoors because of perceived
elements of danger or insecurity due to other pedestrians or
fear were categorized as having fear of moving outdoors.'’
Fear of moving outdoors has been found to be common in
community-dwelling ambulatory people and to predict de-
velopment of outdoor walking difficulty.!’

Unmet Physical Activity Need

Unmet physical activity need is the feeling that one’s level of
physical activity is inadequate and was studied using the
questions, “Do you feel that you would have the opportu-
nity to increase your level of physical activity if someone
recommended you do so?” and “Would you like to increase
your level of physical activity?” with response options of yes
or no. Persons who reported that they had no opportunity
to engage in physical activity but reported willingness to
increase their physical activity level were defined as expe-
riencing unmet physical activity need.'® It was previously
found that people with walking difficulties are more likely
to have unmet physical activity need and that reduction in
physical activity precedes the development of unmet phys-
ical activity need. Additionally, unmet physical activity
need may be transient, with almost half of those who re-
ported unmet physical activity need not reporting it after 2
years.!®

Barriers in the Outdoor Environment

Perceived barriers in the outdoor environment were exam-
ined using standardized questions'’ to elicit a subjective
view of the outdoor environment and of the walking routes
used. Participants were asked whether environmental bar-
riers limited their ability to move independently outdoors
(yes/no). The barriers studied were lack of resting places
and distances perceived to be long (distances: range 0-2),
noisy traffic and dangerous crossroads (traffic: range 0-2),
and hilly terrain and streets in poor condition (terrain:
range 0-2). For each of the three constructed variables, 2
indicates that both barriers were reported, 1 that one of the
barriers was reported, and 0 that neither was reported.

Number of Chronic Conditions
The number of chronic conditions was calculated on the
basis of how many different physician-diagnosed diseases
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participants reported. A condition was considered chronic
if it had lasted longer than 3 months. Information on
chronic conditions was elicited using the question: “Do you
have any disease or defect diagnosed by a doctor that has
lasted longer than 3 months?” The interviewer wrote the
response down during the at-home interview. A nurse ex-
aminer confirmed chronic conditions later during the clin-
ical examination in the study center, and only confirmed
chronic conditions were calculated.??

Maximal Walking Speed

Maximal walking speed was measured in the study center
corridor over a distance of 10 m. Participants were allowed
2 to 3m for acceleration before the start line and were en-
couraged to walk as fast as possible without risking their
health. Timing was done using a stopwatch. Participants
wore sneakers or walking shoes, and use of a walking aid
was allowed if needed.?? Walking speed has previously been
shown to be a reliable and valid measurement of functional
performance in older people.?*

Statistical Methodology

Baseline characteristics were described using means and
standard deviations or percentages (Table 1). Analysis of
variance (ANOVA) was used to test differences in mean
QoL scores between groups according to sex, self-reported
fear of moving outdoors, self-reported unmet physical ac-
tivity need, and self-reported zero to two difficulties in the
outdoor environment. Sex-stratified ANOVA analyses were
also performed to investigate whether the results were sim-
ilar in men and women. Correlations between each subscale
of the LEIPAD questionnaire and each environmental vari-

Table 1. Characteristics of the Participants (n = 589)

Characteristic* Value

Age, mean =+ SD 77.6 +£1.94
Quality of life score, mean + SD 26.1 +8.9
Number of chronic conditions, mean =+ SD 3.05 +1.98
Walking speed, m/s, mean + SD 1.36 + 0.37
Female, % 75
Afraid of moving outdoors, % 56
Unmet physical activity need, % 13
Lack of resting places and long distances to everyday services, %

0 82

1 15

2 B
Noisy traffic and dangerous crossroads, %

0 79

1 18

2 3
Poor street condition and hills in the immediate environment, %

0 67

1 24

2 9

*0 = no perceived difficulties related to the environmental barriers, 1 = per-
ceived difficulties related to one barrier, 2 = perceived difficulties related to
two barriers.

SD = standard deviation.
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able were calculated to determine whether the associations
resembled the overall score of the LEIPAD questionnaire.
SPSS version 14.0 (SPSS Inc., Chicago, IL) was used for the
ANOVAs. When P<.035, the results were regarded as sta-
tistically significant.

To construct a path analysis model, correlation coeffi-
cients were computed for QoL, number of chronic condi-
tions, maximal walking speed, perceived environmental
barriers, unmet physical activity need, and fear of moving
outdoors. A path analysis model, which is one of the tech-
niques included in structural equation methods using
LISREL (Scientific Software International, Inc., Lincoln-
wood, IL), was used for the analyses of the determinants of
QoL. Path analysis makes it possible to study simultaneous
associations of the factors influencing QoL, as well as their
interrelations. Results of the path analysis are shown with
the maximum likelihood estimates of the path coefficients
(beta coefficients) and their standard errors (SE). Of the 657
participants, 600 had answered all of the questions on the
QoL questionnaire. Most of the missing data concerned
sexual life, and another 11 subjects had missing informa-
tion on unmet physical activity need. Thus, 589 participants
had complete data for analysis.

Indicators of fit of the model were chi-square (%2),
goodness-of-fit index (GFI) (>0.9 indicates a good fit), ad-
justed GFI (AGFI), and root mean square residual (RMR).
The multivariate procedure was accomplished using the
LISREL 8.72 program.

RESULTS

Baseline individual and environmental characteristics are
shown in Table 1. The mean age of the participants was
77.6 (range 75-81), and 75% were women. The QoL sum
score ranged from 7 to 66, with higher scores indicting
worse QoL. The results are shown with women and men
combined in the same analyses, because associations were
almost identical for both sexes. QoL correlated statistically
significantly with all of the variables. QoL was worse in
participants who reported more barriers in their outdoor
environment and those who experienced fear of moving
outdoors and unmet physical activity need (Figure 1).
Those who had slower walking speed and more chronic
diseases reported also worse QoL (correlation coefficient
(r)= —0.48, P<.001; » = 0.35, P<.001, respectively) (not
shown in the figure). The associations between all of the
subscales of QoL and perceived barriers in the outdoor en-
vironment were similar to the associations between the
overall sum score and perceived barriers in the outdoor
environment (data not shown).

The constructed path analysis model fitted well to the
data (32 (7)=12.66; P =.08; GFI=0.99, AGFI=0.97,
RMR =0.02). By adding number of chronic conditions,
maximal walking speed, perceived environmental barriers,
unmet physical activity need, and fear of moving outdoors
into the path model, 36% of the variation in QoL was ex-
plained. The variables terrain, traffic, and distances influ-
enced QoL through fear of moving outdoors or unmet
physical activity need, whereas distances also had a direct
association with QoL. The lower a person’s walking speed,
the more problems reported in the outdoor environment
and outdoor mobility and the poorer the QoL. Details are
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QOL score

40 mQOL score '—

Distances Traffic Terrain

Sex Fearof | \jnmet
moving physical
outdoors activity

need

Figure 1. Mean quality of life (QoL) score in community-dwell-
ing people aged 75 to 81 (N =600) according to sex, fear of
moving outdoors, unmet physical activity need, and barriers in
the outdoor environment. Higher scores indicate worse QoL
(range 0-93). Environmental barriers studied were lack of rest-
ing places and long distances (distances), noisy traffic and dan-
gerous crossroads (traffic), and hilly terrain and poor street
condition (terrain): 0 = no perceived difficulties related to either
of the environmental barriers, 1 = perceived difficulties related
to one barrier, 2 = perceived difficulties related to two barriers.
All differences between groups were statistically significant
(P<.001).

Distances
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shown in Figure 2. Significant indirect associations
were found between walking speed and fear of moving
outdoors (B = —0.15 (SE = 0.03)), walking speed and QoL
(B= —0.11(0.02)), number of chronic conditions and QoL
(B=0.18 (0.02)) and Traffic and QoL (B =0.14 (0.03))
(indirect associations not shown in Figure 2).

DISCUSSION

This study shows that perceived barriers in the outdoor
environment reduce QoL in older people and that fear of
moving outdoors and unmet physical activity need mediate
this association. Although others have reported on the im-
portance of the outdoor environment for the QoL of older
people,?! the current study deepens the existing knowledge
on the factors influencing QoL.

The present findings cohere with the ecological model
of aging, in which human behavior and well-being are
strongly related to the environment in which a person lives
and to his or her individual capabilities.® In the current
study, people who had more chronic conditions and slower
walking speed reported more barriers in their outdoor en-
vironment and had lower QoL than those who were health-
ier. The fact that fear of moving outdoors and unmet
physical activity need play a role in the interplay between
the outdoor environment and QoL is a novel finding. Unmet
physical activity need emerges when people are not satisfied
with their ability to participate in physical activities. This is
in line with previous research® that found that satisfaction
with participation was a better predictor of QoL than the

Number of - —_—
chronic 1 0.23 (0.04) Unmet physical
conditions S[TT—"—| activity need |15
g oA16(o.04)/'

= )

5 S

S Sy

S Ny QoL

< »

B i 2_

< Traffic Fear of moving 009 (0.08) R°=0.36

outdoors
Walking ~0.30 (0.04) /
speed
-

Terrain

R2=0.33

Figure 2. The path analyses model of the relationships between quality of life (QoL) and perceived barriers in the outdoor envi-
ronment, unmet physical activity need, and fear of moving outdoors in community-dwelling people aged 75 to 81 (n = 589). The
model includes three layers (individual, environmental, and an interaction of individual and environment) that together are associated
with QoL. In the model, slow walking speed increased perceived barriers in the outdoor environment, which affect QoL through fear
of moving outdoors and unmet physical activity need. Arrows indicate significant associations and their directions between variables.
The numbers show the maximum likelihood estimates of the path coefficients, standard errors are given in parenthesis. The coefficients
are significant if they are greater than two times the standard errors. The coefficient of determination (R?) values indicate the amount
of variation in the dependent variables that the other shown variables explain.
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level of participation itself. Some other studies have re-
ported parallel findings. For example, giving up meaningful
activities results in a high level of depressive symptoms in
older people.?’ Although the association between QoL and
fear of moving outdoors had not previously been studied,
studies of fear of falling and fear of crime have shown that
fear is strongly correlated with poorer QoL.2%27

The present study assessed QoL using the multidimen-
sional LEIPAD questionnaire. With a scale consisting of
several subscales, there is a risk of tautological effects in the
analyses, so to avoid overlap, it is necessary to carefully
compare the dimensions of the scale with the predictors of
the model. The LEIPAD questionnaire includes items in
which the participants are asked to evaluate their physical
functioning in terms of their perceived ability to perform
daily activities. In the path modeling applied in the present
study, maximal walking speed was chosen as an indicator of
physical performance because it is conceptually separate
from the items in the physical function and self-care sub-
scales of LEIPAD.

Perceived barriers in the outdoor environment and
specific problems in outdoor mobility explained 36 % of the
variance in QoL. This a fair proportion, because significant
factors known to affect QoL, such as social relationships
and financial situation, were not included in the analyses.
The fact that perceived barriers in the outdoor environment
correlated with all of the QoL subscales suggests that the
outdoor environment may have a broader influence on QoL
than has hitherto been acknowledged. This topic warrants
further studies.

The strengths of this study were the large, population-
based sample and data analyses on a topic that has not been
previously widely studied. The findings enhance under-
standing of the importance of barriers in the outdoor en-
vironment for QoL in community-dwelling older people.
Additionally, the results of the study are easily implemented
in practice and offer possibilities for multidimensional col-
laboration between community planners and healthcare
professionals. This kind of knowledge is needed when plan-
ning environments that promote physical activity and well-
being in community-dwelling older people.

Although the analyses are cross-sectional, and causality
cannot be confirmed, path analysis allows inferences about
the direction of the associations to be drawn. Even then, the
existence of a circular decline, in which environmental bar-
riers lead to mobility loss, which in turn leads to perception
of the environment as more challenging than before, is also
a possibility. Future studies should address ways to alleviate
this situation.

This study was conducted in an urban area of central
Finland, so the results may not be valid in rural areas, a
caveat that should be kept in mind when interpreting the
findings. There might also be some national differences in
personal and environmental characteristics between Fin-
land and other western countries, as was shown in the
MOBILATE project,?® although it seems unlikely that the
association between perceived barriers in the outdoor en-
vironment and QoL would differ across countries. Never-
theless, more studies in different settings are needed. In
addition, the population studied was a truncated sample of
community-dwelling older people, because the most dis-
abled and most vigorous people were excluded, and all of
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the participants were able to move independently outdoors.
People with functional limitations often report more envi-
ronmental barriers and worse QoL than people without
functional limitations.?? Thus, the results may be viewed as
an underestimation of the association between perceived
barriers in the outdoor environment and QoL.

For older people, mobility means independence and
personal freedom, both of which are crucial for QoL.3°
Therefore, improving possibilities for outdoor mobility of
older people may help enhance their QoL by reducing their
fear of moving outdoors and meeting their need for physical
activity.

CONCLUSION

An outdoor environment that encumbers outdoor mobility
increases perceptions of fear of moving outdoors and unmet
physical activity need and is associated with poor QoL in
older people. These results provide insight into how neg-
ative features of the outdoor environment influence QoL.
More research is needed to confirm the temporal order and
causality of these observations.
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eksentrisessd, konsentrisessa ja isometrisessa
lihastyossa. 77 p. (150 p.)

Yhteenveto 2 p. 2002.

PERTTUNEN, JaRMO, Foot loading in normal

and pathological walking. 86 p. (213 p.)
Yhteenveto 2 p. 2002.

LEINONEN, Ra1a, Self-rated health in old age.

A follow-up study of changes and
determinants. 65 p. (122 p.) Yhteenveto 2 p.
2002.

GRETSCHEL, ANU, Kunta nuorten osallisuus-
ympéristond. Nuorten ryhmén ja kunnan
vuorovaikutussuhteen tarkastelu kolmen
lilkuntarakentamisprojektin laadunarvioinnin
keinoin. - The municipality as an involvement
environment - an examination of the
interactive relationship between youth groups
and municipalities through the quality
assessment of three sports facilities
construction projects. 236 p. Summary 11 p.
2002.

PovyHONEN, TaranNt, Neuromuscular function
during knee exercises in water. With special
reference to hydrodynamics and therapy. 77 p.
(124 p.) Yhteenveto 2 p. 2002.

HirvENSALO, MIR], Liikuntaharrastus
idkkaand. Yhteys kuolleisuuteen ja avun-
tarpeeseen seké terveydenhuolto liilkunnan
edistdjdna. - Physical activity in old age -
significance for public health and promotion
strategies. 106 p. (196 p.) Summary 4 p. 2002.
KONTULAINEN, Sayja, Training, detraining and
bone - Effect of exercise on bone mass and
structure with special reference to
maintenance of exercise induced bone gain.
70 p. (117 p.) Yhteenveto 2 p. 2002.

PrrkANEN, HANNU, Amino acid metabolism in
athletes and non-athletes. - With Special
reference to amino acid concentrations and
protein balance in exercise, training and
aging. 78 p. (167 p.) Yhteenveto 3 p. 2002.
LmvaTtaNeN, LEena, Kokemuksellisen oppimi-
sen kautta kohti terveyden edistamisen
asiantuntijuutta. Hoitotyon ammatti-
korkeakouluopiskelijoiden terveyden edista-
misen oppiminen hoitotydn harjoittelussa.

- Towards health promotion expertise
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92

93

94

95

96

97

98

99

through experiential learning. Student
nurses’ health promotion learning during
clinical practice. 93 p. (164 p.) Summary

4 p. 2002.

StaAnL, Tivo, Litkunnan toimintapolititkan
arviointia terveyden edistdmisen kontekstissa.
Sosiaalisen tuen, fyysisen ympéariston ja
poliittisen ympériston yhteys liikunta-aktiivi-
suuteen. - Evaluation of the Finnish sport
policy in the context of health promotion.
Relationships between social support,
physical environment, policy environment
and physical activity 102 p. (152 p.) Summary
3 p. 2003.

Ociso, Kazuyuki, Stretch Reflex Modulation
during Exercise and Fatigue. 88 p. (170 p.)
Yhteenveto 1 p. 2003.

RauHASALO, ANNELIL, Hoitoaika lyhenee - koti
kutsuu. Lyhythoitoinen kirurginen toiminta
vanhusten itsensd kokemana. - Care-time
shortens - home beckons. Short term surgical
procedures as experienced by elderly patients.
194 p. Summary 12 p. 2003.

PALOMAKI, SIRKKA-L11sA, Suhde vanhenemiseen.
lakkaat naiset elamansé kertojina ja raken-
tajina. - Relation to aging. Elderly women as
narrators and constructors of their lives.

143 p. Summary 6 p. 2004.

SALMIKANGAS, ANNA-KATRIINA, Nakertamisesta
hanketoimintaan. Tapaustutkimus Nakertaja-
Hetteenméen asuinalueen kehittamistoimin-
nasta ja liikunnan osuudesta yhteissuun-
nittelussa. - From togetherness to project
activity. A case study on the development of a
neighbourhood in Kainuu and the role of
physical activity in joint planning. 269 p.
Summary 8 p. 2004.

YLONEN, MaaRriT E., Sanaton dialogi. Tanssi
ruumiillisena tietona. - Dialogue without
words. Dance as bodily knowledge. 45 p.

(135 p.) Summary 5 p. 2004.

TUMMAVUORI, MARGAREETTA, Long-term effects
of physical training on cardiac function and
structure in adolescent cross-country skiers.

A 6.5-year longitudinal echocardiographic
study. 151 p. Summary 1 p. 2004.

SiroLA, Kirst, Porilaisten yhdeksasluokkalaisten
ja kasvattajien kéasityksia nuorten alkoholin-
kaytostd ja alkoholinkdyton ehkaisysta. -
Views of ninth graders, educators and parents
in Pori, Finland on adolescent alcohol use and
on preventing alcohol use. 189 p. Summary

3 p. 2004.

LamPINEN, PArvi, Fyysinen aktiivisuus, harras-
tustoiminta ja liikkumiskyky idkkdiden ihmis-
ten psyykkisen hyvinvoinnin ennustajina. 65-
84-vuotiaiden jyvaskylildisten 8-vuotisseuruu-
tutkimus. - Activity and mobility as associates
and predictors of mental well-being among
older adults. 94 p. (165 p.) Summary 2 p. 2004.
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RANTA, SARI, Vanhenemismuutosten etenemi-
nen. 75-vuotiaiden henkiléiden antropo-
metristen ominaisuuksien, fyysisen toiminta-
kyvynja kognitiivisen kyvykkyyden muutok-
set viiden ja kymmenen vuoden seuranta-
aikana. - The progress of aging processes. A 5-
and 10-year follow-up study of the changes in
anthropometrical characteristics and physical
and cognitive capacities among 75-year-old
persons. 186 p. Summary 2 p. 2004.

SIHVONEN, SANNA, Postural balance and aging.
Cross-sectional comparative studies and a
balance training intervention. - Ikdantyminen
ja tasapaino. Eri ikdisten tasapaino ja tasa-
painoharjoittelun vaikuttavuus ikdéntyneilld
palvelukodissa asuvilla naisilla. 65 p. (106 p.)
Yhteenveto 2 p. 2004.

RissaNEN, AARO, Back muscles and intensive
rehabilitation of patients with chronic low
back pain. Effects on back muscle structure
and function and patient disability. - Selka-
lihakset ja pitkdaikaista selkékipua sairasta-
vien potilaiden intensiivinen kuntoutus.
Vaikutukset selkélihasten rakenteeseen ja
toimintaan seké potilaiden vajaakuntoisuu-
teen. 90 p. (124 p.) Yhteenveto 2 p. 2004.
KaLLINEN, MAaURi, Cardiovascular benefits and
potential hazards of physical exercise in
elderly people. - Liikunnan hyodylliset ja
mahdolliset haitalliset vaikutukset ikdénty-
neiden verenkiertoelimistoon. 97 p. (135 p).
Yhteenveto 2 p. 2004.

SAAKSLAHTI, ARJA, Liikuntaintervention vaiku-
tus 3-7-vuotiaiden lasten fyysiseen aktiivi-
suuteen ja motorisiin taitoihin seké fyysisen
aktiivisuuden yhteys sydén- ja verisuonitau-
tien riskitekijoihin. - Effects of physical
activity Intervention on physical activity and
motor skills and relationships between
physical activity and coronary heart disease
risk factors in 3-7-year-old children. 153 p.
Summary 3 p. 2005.

HAMALAINEN, Pi1a, Oral health status as a
predictor of changes in general health among
elderly people. 76 p. (120 p.) Summary 2 p.
2005.

LiuNnamo, Arja, Suomalaisnuorten seksuaali-
kasvatus ja seksuaaliterveystiedot oppilaan ja
koulun ndkékulmasta. Arviointia terveyden
edistdmisen viitekehyksessa. - Sexual
education and sexual health knowledge
among Finnish adolescents at pupil and
school level. Evaluation from the point of view
of health promotion. 111 p. (176 p.) Summary
5 p. 2005.

IsHiIkAwWA, MASAKI, I vivo muscle mechanics
during human locomotion. Fascicle-tendinous
tissue interaction during stretch-shortening
cycle exercises. - Venytysrefleksin muutokset
litkkeessd ja vasymyksessd. 89 p. (228 p.)
Yhteenveto 1 p. 2005.
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KARrk1, ANNE, Physiotherapy for the functioning
of breast cancer patients. Studies of the
effectiveness of physiotherapy methods and
exercise, of the content and timing of post-
operative education and of the experienced
functioning and disability . - Rintasyopaleikat-
tujen toimintakyky ja sithen vaikuttaminen
fysioterapiassa ja harjoittelussa. 70 p. (138 p.)
Yhteenveto 3 p. 2005.

RajaNiemy, VEsa, Liikuntapaikkarakentaminen
jamaankdyton suunnittelu. Tutkimus eri
vdestoryhmit tasapuolisesti huomioon
ottavasta lilkuntapaikkasuunnittelusta ja sen
kytkemisestd maankaytts- ja rakennuslain
mukaiseen kaavoitukseen. - Sports area
construction and land use planning - Study of
sports area planning that considers all the
population groups even-handedly and
integrates sports area planning with land use
planning under the land use and building act.
171 p. Summary 6 p. 2005.

WaNG, QINGJU, Bone growth in pubertal girls.
Cross-sectional and lingitudinal investigation
of the association of sex hormones, physical
activity, body composition and muscle
strength with bone mass and geometry. 75 p.
(117 p.) Tiivistelméa 1 p. 2005.

RorPONEN, ANNINA, The role of heredity,

other constitutional structural and behavioral
factors in back function tests.- Perimé, muut
synnynndiset rakenteelliset tekijit ja
kayttaytymistekijit seldn toimintakyky-
testeissd. 78 P. (125 p.) Tiivistelma 1 p. 2006.
ARKELA-KAUTIAINEN, MARJA, Functioning and
quality of life as perspectives of health in
patients with juvenile idiopathic arthritis in
early adulthood. Measurement and long-term
outcome. - Toimintakyky ja elaménlaatu
terveyden ndkokulmina lastenreumaa
sairastaneilla nuorilla aikuisilla. Mittaaminen
ja pitkéaikaistulokset. 95 p. (134 p.)
Tiivistelma 2 p. 2006.

Rautio, NINa, Seuruu- ja vertailututkimus
sosioekonomisen aseman yhteydesta
toimintakykyyn idkkailld henkiloilla.

- A follow-up and cross-country comparison
study on socio-economic position and its
relationship to functional capacity in elderly
people. 114 p. (187 p.) Summary 3 p. 2006.
TikkAINEN, PiRjo, Vanhuusian yksindisyys.
Seuruutukimus emotionaalista ja sosiaalista
yksindisyyttd maarittavista tekijoista. -
Loneliness in old age - a follow-up study of
determinants of emotional and social
loneliness. 76 p. (128 p.) Summary 2 p. 2006.
AHTIAINEN, JuHA, Neuromuscular, hormonal
and molecular responses to heavy resistance
training in strength trained men; with special
reference to various resistance exercise
protocols, serum hormones and gene
expression of androgen receptor and insulin-
like growth factor-I. - Neuromuskulaariset,



116

117

118

119

120

121

122

STUDIES IN SPORT, PHYSICAL EDUCATION AND HEALTH

hormonaaliset ja molekulaariset vasteet voi-
maharjoittelussa voimaurheiljjoilla. 119 p.
(204 p.) Yhteenveto 2 p. 2006.

PajaLa, Satu, Postural balance and suscepti-
bility to falls in older women. Genetic and
environmental influences in single and dual
task situations. - likkdiden naisten tasapai-
nokyky yksinkertaisissa sekd huomion jaka-
mista vaativissa tilanteissa ja kaatumisriski-
periman merkitys yksildiden vilisten erojen
selittdjind. 78 p. (120 p.) Yhteenveto 3 p. 2006.
TiaNEN, KrisTiNA, Genetics of skeletal muscle
characteristics and maximal walking speed
among older female twins. - Lihasvoiman ja
kdvelynopeuden periytyvyys idkkailld
naiskaksosilla. 77 p. (123 p.) Yhteenveto 2 p.
2006.

SJ16GREN, TuuLIkkl, Effectiveness of a workplace
physical exercise intervention on the
functioning, work ability, and subjective well-
being of office workers - a cluster randomised
controlled cross-over trial with one-year
follow-up. - Tyopaikalla tapahtuvan fyysisen
harjoitteluintervention vaikuttavuus
toimistotyontekijéiden toimintakykyyn,
tyokykyynja yleiseen subjektiiviseen elamén-
laatuun - ryhmétasolla satunnaistettu vaihto-
vuorokoe ja vuoden seuranta. 100 p. (139 p.)
Tiivistelma 3 p. 2006.

Lyyra, TuNA-MARi, Predictors of mortality in
old age. Contribution of self-rated health,
physical functions, life satisfaction and social
support on survival among older people.

- Kuolleisuuden ennustetekijat idkkadssa
viestdssd. Itsearvioidun terveyden, fyysisten
toimintojen, eldmaan tyytyvaisyyden ja
sosiaalisen tuen yhteys idkkdiden ihmisten
eloonjddmiseen. 72 p. (106 p.) Tiivistelmd 2 p.
2006.

SoiNt, MARKUS, Motivaatioilmaston yhteys
yhdeksasluokkalaisten fyysiseen aktiivisuu-
teen ja vithtymiseen koulun liikuntatunneilla.
- The relationship of motivational climate to
physical activity intensity and enjoyment
within ninth grade pupils in school physical
education lessons. 91 p. 2006.

VuoriMaa, Timo, Neuromuscular, hormonal
and oxidative stress responses to endurance
running exercises in well trained runners. -
Neuromuskulaariset, hormonaaliset ja
hapettumisstressiin liitty vt vasteet
kestdvyysjuoksuharjoituksiin hyvin
harjoitelleilla juoksijoilla. 93 p. (152 p.)
Yhteenveto 3 p. 2007.

MononEeN, Kaisu, The effects of augmented
feedback on motor skill learning in shooting.
A feedback training intervention among
inexperienced rifle shooters. - Ulkoisen
palautteen vaikutus motoriseen oppimiseen
ammunnassa: Harjoittelututkimus koke-
mattomilla kivadriampujilla. 63 p.
Yhteenveto 4 p. 2007.

123

124

125

126

127

128

129

130

SALLINEN, JANNE, Dietary Intake and Strength
Training Adaptation in 50-70 -year old Men
and Women. With special reference to muscle
mass, strength, serum anabolic hormone
concentrations, blood pressure, blood lipids
and lipoproteins and glycemic control.

- Ravinnon merkitys voimaharjoittelussa
50-70 -vuotiailla miehill4 ja naisilla 103 p.
(204 p.) Yhteenveto 3 p. 2007.

KasiLa Kirsti, Schoolchildren’s oral health
counselling within the organisational context
of public oral health care. Applying and
developing theoretical and empirical
perspectives. 96 p. (139 p.) Tiivistelma 3 p.
2007.

Pyori4, Outl, Reliable clinical assessment of
stroke patients’” postural control and
development of physiotherapy in stroke
rehabilitation. - Aivoverenkiertohéiris-
potilaiden toimintakyvyn luotettava kliininen
mittaaminen ja fysioterapian kehittaminen Ita-
Savon sairaanhoitopiirin alueella. 94 p. (143
p.) Yhteenveto 6 p. 2007.

VaLkeINEN, HELL, Physical fitness, pain and
fatigue in postmenopausal women with
fibromyalgia. Effects of strength training.

- Fyysinen kunto, kipu- ja visymysoireet ja
sdannollisen voimaharjoittelun vaikutukset
menopaussi-idn ohittaneilla fibromyalgiaa
sairastavilla naisilla. 101 p. (132 p.)
Yhteenveto 2 p. 2007.

HAMALAINEN, Kirsl, Urheilija ja valmentaja
urheilun maailmassa. Eetokset, ihanteet ja
kasvatus urheilijoiden tarinoissa. - An athlete
and a coach in the world of sports. Ethos,
ideals and education in athletes” narratives.
176 p. Tiivistelmé 2 p. 2008.

ArrTASALO, MINNA, Promoting physical activity
of working aged adults with selected personal
approaches in primary health care.
Feasibility, effectiveness and an example of
nationwide dissemination. - Tyoikdisten
litkkunnan edistiminen avoterveydenhuol-
lossa - tyotapojen toteuttamiskelpoisuus ja
vaikuttavuus sekd esimerkki yhden tydtavan
levittamisestd kdytantoon. 105 p. (161 p.)
Yhteenveto 3 p. 2008.

PortEGyS, Erja, Asymmetrical lower-limb
muscle strength deficit in older people.

- Alaraajojen lihasvoiman puoliero idkkailla
ihmisilla. 105 p. (155 p.) Yhteenveto 3 p. 2008.
LAITINEN-VAANANEN, SIRPA, The construction of
supervision and physiotherapy expertise: A
qualitative study of physiotherapy students’
learning sessions in clinical education.

- Opiskelijan ohjauksen ja fysioterapian
asiantuntijuuden rakentuminen: Laa-
dullinen tutkimus fysioterapiaopiskelijan
oppimistilanteista tycharjoittelussa. 69 p.
(118 p.) Yhteenveto 3 p. 2008.
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IIvoNEN, SusanNa, Early Steps -litkunta-
ohjelman yhteydet 4-5-vuotiaiden paivikoti-
lasten motoristen perustaitojen kehitykseen.

- The associations between an Early Steps
physical education curriculum and the
fundamental motor skills development of 4-5-
year-old preschool children. 157 p. Summary
4 p. 2008.

ORTEGA-ALONSO, ALFREDO, Genetic effects on
mobility, obesity and their association in

older female twins. 87 p. 2009.

Huwwmi, Juna, Molecular and hormonal
responses and adaptation to resistance
exercise and protein nutrition in young and
older men. - Voimaharjoittelun fysiologiset ja
molekyylibiologiset vaikutukset lihaskasvun-
sddtelyssd lisdproteiinia nautittaessa tai

ilman. 109 p. (214 p.) Yhteenveto 2 p. 2009.
MartinmAK, Kaisu, Transient changes in heart
rate variability in response to orthostatic task,
endurance exercise and training. With
special reference to autonomic blockades and
time-frequency analysis. - Sykevaihtelun
muutokset ortostaattisessa testissd, kestavyys-
lilkunnassa ja kestavyysharjoittelussa kayt-
tden hyvéksi autonomisen siételyn salpaus-
kokeita ja aika-taajuusanalyysia . 99 p.

(151 p.) Yhteenveto 2 p. 2009.

SEDLIAK, MILAN, Neuromuscular and
hormonal adaptations to resistance training.
Special effects of time of day of training. 84 p.

(175 p.) 2009.

NIKANDER, Riku, Exercise loading and bone

structure. 97 p. (141 p.) Yhteenveto 1 p. 2009.
KorHONEN, Marko T., Effects of aging and
training on sprint performance, muscle
structure and contractile function in athletes.
- Ikdantymisen ja harjoittelun vaikutukset
nopeussuorituskykyyn, lihasten rakenteeseen
ja voimantuotto-ominaisuuksiin urheilijoilla.
123 p. (211 p.) Tiivistelma 5 p. 2009.
JAVANAINEN-LEVONEN, TARjA, Terveydenhoitajat
lilkkunnanedistdjina lastenneuvolatyossa.

- Public Health Nurses as Physical Activity
Promoters in Finnish Child Health Clinics.

104 p. (148 p.) Summary 6 p. 2009.

Kremora, ULLa, Opettajaksi opiskelevien
vuorovaikutustaitojen kehittaminen liikun-
nan aineenopettajakoulutuksessa.-

Developing student teachers” social
interaction skills in physical education
teacher education. 92 p. (138 p.) Summary 4 p.
2009.

Niemi, REeTTA, Onks tavallinen koe vai
sellanen, missa pitdd miettii? Ympéaristo-
lahtoisen terveyskasvatuspedagogiikan
kehittdminen narratiivisena toiminta-
tutkimuksena. - Is this a normal test or do we
have to think? Developing environmentally
oriented health education pedagogy through
narrative action research . 215 p. 2009.
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VON BONSDORFF, MIKAELA, Physical activity

as a predictor of disability and social and
health service use in older people. - Fyysinen
aktiivisuus toiminnanvajauden ja sosiaali- ja
terveyspalvelujen kdyton ennustajana idk-
kailld henkilsilla 101 p. (134 p.) Yhteenveto
2 p. 2009.

PaLoMAKl, SANNA, Opettajaksi opiskelevien
pedagoginen ajattelu ja ammatillinen
kehittyminen liikunnanopettajakoulutuk-
sessa. - Pre-service teachers’ pedagogical
thinking and professional development in
physical education teacher education. 118 p.
(163 p.) Summary 3 p. 2009.

VEenMas, HANNA, Litkuntamatkalla Suomessa.
Vapaa-ajan valintoja jalkimodernissa
yhteiskunnassa. - Sport tourism in Finland -
leisure choices in the post-modern society.
205 p. Summary 10 p. 2010.

Kokko, Sami, Health promoting sports club.
Youth sports clubs” health promotion
profiles, guidance, and associated

coaching practice, in Finland. 147 p. (230 p.)
Yhteenveto 5 p. 2010.

KAARIA, SANNA, Low back disorders in the
long term among employees in the
engineering industry. A study with 5-, 10-
and 28-year follow-ups. - Metalliteolli-
suuden tyontekijoiden alaseldn sairaudet
ikdantyessa: METELI-tutkimuksen 5-, 10-
ja 28-vuotisseurantatutkimus. 76 p. (102 p.)
Yhteenveto 2 p. 2010.

SanTTILA, MATTI, Effects of added endurance
or strength training on cardiovascular and
neuromuscular performance of conscripts
during the 8-week basic training period. -
Lisdtyn voima- ja kestdvyysharjoittelun
vaikutukset varusmiesten hengitys- ja
verenkiertoelimiston sekd hermo-lihas
jdrjestelman suorituskykyyn kahdeksan
viikon peruskoulutuskauden aikana.

85 p. (129 p.) Yhteenveto 2 p. 2010.

MANTY, MINNA, Early signs of mobility decline
and physical activity counseling as a
preventive intervention in older people. -
Liikkumiskyvyn heikkenemistad ennakoivat
merkit ja litkkuntaneuvonta liikkumisvai-
keuksien ehkdisyssa idkkailla henkililla.
103 p. (149 p.) Yhteenveto 2 p. 2010.
RANTALAINEN, TivMo, Neuromuscular function
and bone geometry and strength in aging. -
Neuromuskulaarinen suorituskyky luun
geometrian ja voiman selittdjand
ikdantymisen yhteydessa. 87 p. (120 p.)
Yhteenveto 1 p. 2010.

Kurrunen, Sami, Muscle and joint stiffness
regulation during normal and fatiguing
stretch-shortening cycle exercise . -

Lihas- ja niveljaykkyyden siétely normaalin
sekd vasyttavan venymis-lyhenemissykli -
tyyppisen harjoituksen aikana . 76 p. (142 p.)
Yhteenveto 1 p. 2010.
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PrruLAINEN, Harry, Functional adaptation of
sarcolemma to physical stress. -
Lihassolukalvon toiminnallinen mukautu
minen fyysiseen kuormitukseen.

103 p. (178 p.) Yhteenveto 2 p. 2010.
VILJANEN, ANNE, Genetic and environmental
effects on hearing acuity and the association
between hearing acuity, mobility and falls in
older women. - Kuulon tarkkuuden periy-
tyvyysja yhteys liikkumiskykyyn seka
kaatumisiin idkkaiilld naisilla. 85 p. (116 p.)
Yhteenveto 2 p. 2010.

KuLmALA, JENN, Visual acuity in relation to
functional performance, falls and mortality
in old age. - Heikentyneen niontarkkuuden
vaikutus toimintakykyyn, kaatumisiin ja
kuolleisuuteen idkkailld henkilsilla. 98 p.
(140 p.) Yhteenveto 3 p. 2010.

NivaLa, SIrkkA, Kokemuksellinen vanhene-
minen sotainvalideilla. Suomalaisten so-
tainvalidien kokemus eldméankulustaan ja
ikdantymisestédan. - Disabled war veterans
and experiential ageing. Finnish disabled
war veterans and their experience of the
course of their lives and growing older.

178 p. Summary 4 p. 2010.

RiNNE, MaRJO, Effects of physical activity,
specific exercise and traumatic brain injury
on motor abilities. Theoretical and
pragmatic assessment. 86 p. (134 p.)
Tiivistelma 2 p. 2010.

MikkoLa, Tuja, Genetic and environmental
contributions to bone structural strength in
postmenopausal women. - Perimén ja
ymparistotekijéiden vaikutus luun lujuuteen
vaihdevuosi-idn ohittaneilla naisilla. 77 p.
(130 p.) Yhteenveto 2 p. 2010.

SaLo, PeTRI, Assessing physical capacity,
disability, and health-related quality of life
in neck pain. 93 p. (132 p.) Yhteenveto 2 p.
2010.

RoNKAINEN, PauLa, Towards powerful old
age. Association between hormone
replacement therapy and skeletal muscle. -
Vaihdevuosioireisiin kidytettavan HRT:n
yhteys luurankolihaksiston rakenteeseen ja
toimintaan. 118 p. (170 p.) Yhteenveto 2 p.
2010.

Kirrikoski, SINIKkA, The McKenzie method in
assessing, classifying and treating non-
specific low back pain in adults with special
reference to the centralization phenomenon.
- McKenzien mekaaninen diagnostisointi- ja
terapiamenetelma tutkittaessa, luokitel-
taessa ja hoidettaessa aikuisten epéspesifia
alaselkékipua. 90 p. (130 p.) Yhteenveto 2 p.
2010.
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MUTIKAINEN, SARA, Genetic and environ-
mental effects on resting electrocardio-
graphy and the association between
electrocardiography and physical activity,
walking endurance and mortality in older
people. - Lepo-EKG -muuttujien periy-
tyvyys sekd yhteydet fyysiseen aktiivisuu-
teen, kdvelykestavyyteen ja kuolleisuuteen
idkkailla henkiloilla. 84 p. (131 p.)
Yhteenveto 3 p. 2010.

VoLaGyy, EszTer, Bone, fat and muscle gain in
pubertal girls. Effects of physical activity.
76 p. (138 p.) Tiivistelma 1 p. 2010.
SILLANPAA, ELINA, Adaptations in body
composition, metabolic health and physical
fitness during strength or endurance
training or their combination in healthy
middle-aged and older adults. 113 p.

(179 p.) Yhteenveto 3 p. 2011.

KARAVIRTA, LAURA, Cardiorespiratory,
neuromuscular and cardiac autonomic
adaptations to combined endurance and
strength training in ageing men and
women. - Yhdistetyn kestévyys- ja voima-
harjoittelun vaikutukset hengitys- ja veren-
kiertoelimiston sekd hermo-lihasjérjestel-
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