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Abstract

OBJECTIVES—To examine the association between life space, a measure of functional status
that describes the range of movement through the environment covered during daily functioning,
and the risk of mortality in older community-based persons.

DESIGN—Two ongoing, prospective observational cohort studies of aging.
SETTING—Greater metropolitan Chicago area.

PARTICIPANTS—One thousand four hundred forty-five community-based older persons
without dementia.

MEASUREMENTS—L.ife space was measured at baseline using a series of questions designed
to measure the extent of participants’ movement throughout their environment, ranging from the
bedroom to out of town. The association between life space and mortality was examined using
proportional hazards models adjusted for age, sex, race, and education.

RESULTS—Over up to 8 years of follow-up (mean 4.1 years), 329 of 1,445 (22.8%) participants
died. In a proportional hazards model adjusted for age, sex, race, and education, a more-
constricted life space was associated with a greater risk of death (hazard ratio = 1.18, 95%
confidence interval = 1.09-1.27, P < .001), such that people with life spaces constricted to their
immediate home environment (score = 3) were approximately 1.6 times as likely to die as those
whose life spaces included trips out of town (score = 0). This association persisted after the
addition of terms for several potential confounders, including physical activity, performance-based
physical function, disability, depressive symptoms, social networks, body mass index, and number
of chronic medical conditions.

CONCLUSION—Constricted life space is associated with greater risk of death in older
community-based persons.

© 2010, Copyright the Authors Journal compilation © 2010, The American Geriatrics Society

Address correspondence to Patricia A. Boyle, Rush Alzheimer’s Disease Center, 600 S. Paulina, 1020B, Chicago, IL 60612.
Patricia_Boyle@Rush.edu.

Conflict of Interest: The editor in chief has reviewed the conflict of interest checklist provided by the authors and has determined that
the authors have no financial or any other kind of personal conflicts with this paper.

Author Contributions: Patricia Boyle had full access to all the data in the study and takes responsibility for the integrity of the data
and the accuracy of the data analysis. She was involved with study concept and design, analysis and interpretation of data, and
preparation of the manuscript. Drs. Buchman, Barnes, and Bennett were involved in study concept and acquisition of data, assisted
with the analysis and interpretation of the data, and critically revised the manuscript for important intellectual content. Dr. James was
involved in the data analysis and interpretation and critically revised the manuscript for important intellectual content. All authors
have seen and approved the final version.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Boyle et al.

Keywords
life space;

METHODS

Participants

Page 2

functional status; death; daily living; disability

Declining functional status is a frequent consequence of aging and is associated with
important health outcomes, including dementia and mortality.1-8 Although functional status
is most commonly measured using tests that focus on specific abilities thought to be
important for daily living (e.g., bathing, dialing a telephone) or physical performance (e.g.,
walking), these approaches do not fully capture the complex repertoire of behavior required
to maintain independence and well-being in the dynamic modern environment in which we
live. Thus, some investigators have proposed that measurement of life space (the range of
movement through the environment covered in daily life) may offer a complementary
approach to studying functional status.’~10 Life space is a multidimensional construct that
integrates physical performance with motivational, psychological, and social factors that
influence how one navigates and interacts with the real world. In cross-sectional analyses, a
constricted life space has been related to negative health outcomes such as depression,
disability, and cognition.82:11.12 Data from prospective studies are limited, although one
study reported an association with mortality in disabled women.12 If life space indeed
provides a useful indicator of real-world functioning, it may have important prognostic
implications for adverse health outcomes, including mortality, even in more-diverse and
non-disabled populations.

Data were used from 1,445 older participants without dementia in the Rush Memory and
Aging Project (MAP)14 and the Minority Aging Research Study (MARS)® to test the
hypothesis that a constricted life space is related to greater risk of all-cause mortality in
persons free of dementia at baseline. Participants completed baseline assessments of life
space and underwent detailed annual clinical evaluations for up to 8 years. The association
between life space and mortality was examined using a proportional hazards model adjusted
for age, sex, race, and education. Next the potential influence of several potential
confounders, including physical activity, performance-based physical function, disability,
depressive symptoms, social networks, body mass index, and number of chronic medical
conditions, was examined. Finally, sensitivity analyses were conducted to verify that the
results were not due to the influence of persons nearing death at the study baseline.

Participants were from two ongoing studies of aging (see below) that the institutional review
board of Rush University Medical Center had approved. These studies employ nearly
identical data collection and operational methods, and data were combined for analytical
purposes.

MAP 14 which began in 1997, is a longitudinal clinical-pathological study of common
chronic conditions of aging. Participants are recruited from approximately 40 retirement
communities and subsidized housing facilities around the Chicago metropolitan area.
Participation requires detailed annual clinical evaluations and organ (brain) donation.
Between 1997 and 2009, more than 1,300 older persons enrolled. The life space measure
was added to the interview in 2001.°

MARS?® began in 2004 and is a study of risk factors for cognitive decline in older African
Americans. Participants are recruited from community-based organizations and subsidized
housing facilities. Participation requires annual clinical evaluations and cognitive testing.

J Am Geriatr Soc. Author manuscript; available in PMC 2012 February 26.
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Between 2004 and 2009, more than 350 older persons enrolled. The life space measure was
made at baseline.

At the time of these analyses, 1,530 persons (1,188 MAP, 342 MARS) had undergone their
baseline clinical evaluation, including assessment of life space since 2001. Of those, 85 with
dementia were excluded (75 MAP, 10 MARS), leaving 1,445 eligible persons (1,113 MAP,
332 MARS); analyses are based on this group. They were followed for up to 8 years (MAP
mean 4.3 + 2.0, range 0-8; MARS mean 3.6, range 0-5), with a mean of 4.1 + 2.0 years of
follow-up; these data were frozen for analyses on December 14, 2009. At baseling,
participants had a mean age of 78.5 + 7.9, a mean of 14.5 + 3.3 years of education, and a
mean score of 27.9 + 2.2 on the Mini-Mental State Examination®; 73.7% (1,065) were
women, and 71.1% (1,028) were white and non-Hispanic.

Clinical Evaluation

Participants from both studies underwent detailed annual clinical evaluations that included
medical history, neurological examinations, and cognitive function testing, as previously
described.1417 A physician classified persons with respect to dementia using the criteria of
the joint working group of the National Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association.18
Cognitive impairment was determined in the same way for both studies.16:17.19

Assessment of Life Space

Life space was assessed using a modified version of the Life Space Questionnaire, a self-
report measure of the range of movement through specified zones of the environment.® Each
zone represents a concentric enlargement of life space ranging from the bedroom to the
porch or patio, parking lot or yard, neighborhood, outside of the neighborhood, outside of
town. Participants were asked whether they had been in each of the six specific zones within
their environment in the past week. The life space score is the sum of yes (scored as a 1, vs
no = 0) responses, and the score was reverse-coded so that the reference group (score = 0)
included individuals with the least-restricted life space and the largest number of persons (as
opposed to the smallest) to obtain a more-stable estimate of the association between life
space and mortality; thus, higher scores indicate a smaller life space. The two most-
restricted life space categories were combined because of small cell sizes, resulting in a life
space measure with scores ranging from 0 (travel outside of town) to 5 (homebound). The
mean score was 0.64 £ 1.16, and the distribution of scores was as follows: 0, n = 955 (66%),
1,n =281 (19%), 2, n = 83 (6%), 3, n =57 (4%), 4, n = 36 (3%), 5, n = 33 (2%).

Other Covariates

Disability was assessed according to the Katz activity of daily living (ADL) and Lawton-
Brody instrumental activity of daily living (IADL) scales.2021 The Katz scale includes six
basic ADLs: walking across a small room, bathing, dressing, eating, transferring from a bed
to a chair, and toileting.2® A composite measure was created by summing the items on
which participants reported the need for assistance; higher scores indicate greater disability
(mean 0.18 + 0.65).

IADLs were assessed using items adapted from the Duke Older Americans Resources and
Services project.2! Items assessed include eight activities: telephone use, meal preparation,
money management, medication management, light and heavy housekeeping, shopping, and
local travel. A composite measure was created by summing the number of items on which
participants reported the need for assistance, with higher scores indicating greater disability
(mean 0.91 + 1.39).

J Am Geriatr Soc. Author manuscript; available in PMC 2012 February 26.
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Gait was assessed using a performance-based test adapted from the procedures of the
Established Populations for Epidemiologic Studies of the Elderly.22 Participants were asked
to walk 8 feet and turn 360°, and the time and number of steps taken to complete each task
were measured. A composite measure was computed by converting scores on the component
measures to z-scores using the baseline mean and standard deviation for the entire cohort
and averaging the z-scores (mean 0.03 + 0.82).23

Physical activity was assessed using three questions adapted from the 1985 National Health
Interview Survey.24 Participants were asked whether they had walked for exercise, done
gardening or yard work, or done calisthenics or general exercise within the past 2 weeks.
The number of activities reported was summed (mean = 1.20 + 0.87).

Depressive symptoms were assessed using a 10-item version of the Center for
Epidemiologic Studies Depression (CES-D) scale.2526 Persons were asked whether they had
experienced each of 10 symptoms in the past week; the score was the humber of symptoms
reported (mean = 1.35 + 1.79).

Social network size was quantified using standard questions regarding the number of
children, family, and friends participants had and how often they interacted with them.2”
Social network size was the number of these individuals seen at least once a month (mean
6.66 + 6.20).

Body mass index (BMI) was calculated as weight in kilograms divided by height in meters
squared.

History of seven medical conditions was self-reported (diabetes mellitus, heart disease,
hypertension, thyroid disease, cancer, head injury, and stroke). The total number of
conditions present was used as an index of chronic illness (mean = 1.40 + 1.05).14

Other variables were age, sex, education (years of schooling completed), and race.

Determination of Vital Status

The autopsy rate for MAP exceeds 80%.14 Thus, for most participants, the exact date of
death was the day an autopsy was performed. Participants from both cohorts are also
contacted quarterly to determine vital status and changes in health, and death is occasionally
learned of then and confirmed by documentation from family or other contacts. Finally,
research assistants regularly search the Social Security Death Index for the small number of
persons it was not possible to contact. At the time of these analyses, vital status was known
within the past 4 months for more than 95% of participants.

Data Analysis

The crude associations between life space and age, sex, education and race were first
examined. Next, the relationship between life space and mortality was examined using a
proportional hazards model adjusted for age, sex, education, and race.28 In subsequent
models, several potential confounders of the association between life space and mortality
weer examined and terms added for the interactions between age, sex, education, and race
and life space. Finally, sensitivity analyses excluding persons who died before the first or
second year of follow-up were conducted. Model validation was performed graphically and
analytically, and there was no evidence of nonlinearity or non-proportionality. Programming
was done in SAS (SAS Institute, Inc., Cary, NC).

J Am Geriatr Soc. Author manuscript; available in PMC 2012 February 26.
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RESULTS

Psychometric Properties of Life Space

Scores on the life space measure ranged from 0 to 5 (median 0, mean 0.64 + 1.16), with
higher scores indicating greater constriction of life space. At baseline, life space was
modestly associated with age (correlation coefficient (r) = 0.18) education (r = —0.16),
depressive symptoms (r = 0.17), disability (ADLs, r = 0.27; IADLs, r = 0.34), gait (r =
—0.29), social networks (r = —0.16), and physical activity (r = —0.13); all P < .001); life
space was not related to BMI or number of chronic medical conditions. Women showed a
trend toward reporting a more-constricted life space than men (P = .06), and white
participants reported more-constricted life space than African Americans (P = .001).

Life Space and Mortality

Over up to 8 years of follow-up (mean 4.1), 329 of 1,445 (22.8%) persons died. Table 1
provides crude baseline data on those who died and survived. Those who died were older
and had more-constricted life spaces, lower MMSE scores, more depressive symptoms,
more disability, and lower BMI; were less physically active; had poorer gait and smaller
social networks; and were more likely to be female and white.

The association between life space and risk of mortality was examined in a core proportional
hazards model adjusted for age, sex, race, and education. In this analysis, more-constricted
life space was associated with greater risk of mortality (hazard ratio (HR) = 1.18, 95%
confidence interval (Cl) = 1.09-1.27). Thus, as illustrated in Figure 1, people with life
spaces constricted to their immediate home environments (life spaces that involved travel no
further than their driveway or yard; score = 3) were approximately 1.6 times as likely to die
than those whose life spaces included travel beyond their home town (score = 0).
Furthermore, because MARS consists only of African Americans, and there are differences
in recruitment strategies for African Americans and white non-Hispanics (the majority of
MAP participants), analyses of the association between life space and mortality were
conducted separately according to cohort. Results of these analyses demonstrated that the
associations were similar (MAP HR =1.17, 95% CI = 1.08-1.27; MARS HR = 1.24, 95%
Cl = 0.86-1.81), although the finding in MARS did not reach significance, probably because
of limited power.

Next, because there are several potential confounders of the association between life space
and mortality, the analysis described above was repeated with additional terms for gait,
disability, depressive symptoms, social networks, BMI, and number of chronic medical
conditions (Table 2). Physical activity, which could be a confounder or mediator of the
association between life space and mortality, was also examined, and the estimate was not
attenuated (Table 2).

Finally, the core analysis above was repeated with terms for the interactions between age,
sex, education, and race and life space in separate models. The association between life
space and mortality was found to vary with age and sex, such that it decreased slightly as
age increased (estimate for the age x life space interaction = 0.99, 95% CI = 0.98-0.99) and
was somewhat stronger in men (estimate for the sex x life space interaction = 1.20, 95% ClI
= 1.03-1.40). No interactions were found with race or education.

Sensitivity Analyses

In sensitivity analyses to examine the robustness of the association between life space and
mortality, the core model was repeated after excluding persons who died before the first
follow-up (Model 1) and then after excluding persons who died before the first or second
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follow-up (Model 2). The HRs were not substantially different (Model 1 HR = 1.17, 95% CI
=1.08-1.27; Model 2 HR = 1.15, 95% CI = 1.05-1.25), although power was reduced
because of the smaller number of deaths.

DISCUSSION

In 1,445 community-based older persons free of dementia, it was found that constricted life
space was associated with greater risk of mortality. That is, a person who had not been to an
area beyond their yard or driveway in the previous week was approximately 1.6 times as
likely to die as a person with a life space involving travel outside town. The association
between life space and mortality was robust in that it persisted even after the inclusion of a
wide variety of potential confounding variables, including traditional measures of physical
performance and disability, and in sensitivity analyses examining the potential influence of
persons nearing death at study baseline. These findings suggest that life space captures
aspects of functional status beyond those assessed using traditional measures and may have
important prognostic implications for health outcomes in advanced age.

Recently, investigators have posited that a focus on more-comprehensive measures of
functional status than those commonly used may provide new information about health and
longevity,8-10 but the literature on life space is limited, consisting mostly of cross-sectional
studies with outcomes such as depressive symptoms and disability.8:%11 The authors are
aware of only one study that prospectively examined the relationship between life space and
mortality. 13 That study involved a cohort of disabled women and focused on incident frailty
(frailty-free mortality was considered a competing risk), but a constricted life space was
associated with a three times greater risk of frailty-free mortality over 3 years. The present
study included men and women and persons without disability and was restricted to persons
without dementia, which increases the validity of the use of this self-report measure.
Furthermore, although the prior study considered self-reported mobility, the current study
included performance-based measures of physical function. That the association between
life space and mortality persisted even after controlling for these covariates suggests that life
space may reflect the complex array of physical and psychosocial factors necessary for
independent functioning in the real world and, consequently, for optimal health outcomes.
Thus, the current study extends prior studies in several important respects and shows an
association between life space and risk of death in a large and diverse cohort of community-
based men and women who underwent detailed clinical assessments and were free of
dementia.

Perhaps surprisingly, the relationship between life space and mortality varied slightly
according to age and sex, such that it was weaker at older ages and stronger in men than
women. It is possible that the effect is attenuated at older ages because the influence of other
health variables becomes more pronounced as age increases (i.e., competing risk). The
finding that the association was somewhat greater in men than women was unexpected. Men
may maintain a larger life space longer than women in old age because of practical
considerations (e.g., men tend to work longer; many older women do not drive), and such
factors may influence the relationship between space and death, but this is speculative, but
overall, the volunteer nature of the cohort limits the inferences one can draw from
differential findings according to demographic variables, and it will be important for future
studies to examine such issues.

The biological basis of the association between life space and mortality is unknown. It is
possible that persons with a constricted life space are sicker and nearer to death, although
the association with mortality persisted even after controlling for chronic diseases and
excluding persons who died during the early follow-up years. Another possibility is that life

J Am Geriatr Soc. Author manuscript; available in PMC 2012 February 26.
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space encompasses psychosocial factors or personality traits that are related to mortality. For
example, persons with a constricted life space may be less able to adapt to the challenges of
aging, such as loss of physical and cognitive function, and have difficulty navigating the
world. Furthermore, having a greater life space may contribute to the effective functioning
of physiological systems, as may be the case of psychosocial factors such as optimism and
wellbeing, which are related to disease biomarkers such as cortisol, inflammation, and
cardiovascular disease.2? Whether this is the case for life space remains uncertain. Future
studies are needed to examine the biological basis of the association between life space and
mortality.

This study has many strengths, including the assessment of life space in two large cohorts of
racially diverse community-dwelling older adults free of dementia; the ability to examine
the role of several potentially important confounders; and sensitivity analyses, ensuring that
the findings were not due to the inclusion of persons very near death at baseline. Limitations
were the selected nature of this cohort, which may have restricted the range of life space
scores and limit the generalizability of findings, and the assessment of life space at only a
single point in time. Future studies are needed to examine the association between life space
and additional health outcomes and to characterize the trajectory of life space in advanced
age.
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Figure 1.
Cumulative hazard of mortality for participants with less- (dotted line) and more- (solid line)
constricted life space.
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Table 1

Participant Baseline Characteristics

Characteristic Survived (n =1,116) Died (n=329) P-Value
Age 76.9 83.9 <.001
Female, n (%) 858 (76) 198 (64) <001*
White, n (%) 738 (65) 282 (97) <001*
Education, years, mean 14.5 14.3 .19
Mini-Mental State Examination score, mean (range 0-30) 28.1 274 <.001
Life space score, mean 0.52 1.04 <.001
Number of depressive symptoms, mean 1.26 1.64 <.001
Disability™

Activity of daily living score, mean (range 0-6) 0.13 0.36 <.001

Instrumental activity of daily living score, mean + standard deviation (range 0-8) 0.68 +1.12 1.67+1.83 .006
Gait score, mean 0.13 -0.29 <.001
Physical activity score, mean 1.24 1.09 .005
Number of social networks, mean 6.87 5.95 .006
Body mass index, kg/m2, mean 28.1 27.1 .006
Number of medical conditions, mean 1.36 1.39 .70

Statistical significance is based on t-tests or

*

chi-square tests.
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Table 2

Association Between Life Space and Mortality After Adjustment for Individual Confounders

Hazard Ratio (95%

Covariate Confidence Interval) P-Value
Depressive symptoms (n = 1,443) 1.16 (1.07-1.25) <.001
Activity of daily living disability (n = 1,443) 1.15 (1.06-1.25) .001
Instrumental activity of daily living disability (n = 1,443) 1.10 (1.01-1.19) .03
Gait (n = 1,444) 1.09 (1.00-1.18) .04
Physical activity (n = 1,444) 1.16 (1.08-1.26) <.001
Social networks (n = 1,440) 1.17 (1.08-1.26) <.001
Body mass index (n = 1,412) 1.16 (1.07-1.26) <.001
Number of medical conditions (n = 1,444) 1.18 (1.09-1.27) <.001

All models controlled for age, sex, education, and race.

J Am Geriatr Soc. Author manuscript; available in PMC 2012 February 26.

Page 11



