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Abstract

Objectives—To evaluate the relation between life-space mobility (extent, frequency, and
independence of movement) and mortality in older women.

Design—~Prospective cohort study.
Setting—Four U.S. clinical sites.
Participants—Women (N=1,498) aged 75-102 years (mean 87.6) followed from 2006-2015.

Measurements—L.ife-space during the past four weeks was assessed by interview, scored from
0 (daily restriction to bedroom) to 120 (daily trips outside town without assistance), and
categorized (0-20, 21-40, 41-60, 61-80, 81-120). All-cause mortality was the primary outcome;
noncancer, cardiovascular, cancer, and noncardiovascular noncancer mortality were secondary
outcomes.

Results—Over mean 5.2 years, 842 (56.2%) women died. Unadjusted risk of all-cause mortality
was 82.6% among women with the lowest level of life-space (0-20 points) compared to 36.2%
among women with the highest level (81-120 points). In multivariable proportional hazards
models, there was a strong relation between decreasing life-space and increasing risk of all-cause
mortality (Prn<0.001). Women with the lowest level of life-space (0-20 points) had 2.4 times
higher risk (95% confidence interval (CI) = 1.5,4.0) of all-cause mortality than women with the
highest level (81-120 points); women with life-space scores between 21-60 had 1.5 times higher
risk of all-cause mortality. Each SD decrease in life-space was associated with a 1.2 times higher
risk (95% Cl=1.1,1.4) of all-cause mortality. Women unable to travel beyond their neighborhood
without assistance had 1.4 times higher (95% CI=1.1,1.7) risk of all-cause mortality. Results were
similar for noncancer, cardiovascular, and other mortality and did not change after control for
underlying disease or living arrangement.

Conclusion—L.ife-space scores of 60 or less were associated with mortality in older women

independent of other strong risk factors.

Keywords
aged; mobility; death; independence; survival

INTRODUCTION

Aging in humans and other species is marked by declining mobility. While mobility
limitations among older adults are often invisible and overlooked in clinical practicel, they
are common and costly. In the U.S. an estimated 15.4 million older Medicare beneficiaries
report limited ability to walk 2-3 blocks, which has been estimated to add $42 billion to
annual health care costs2. Notably, individuals with compromised mobility have an elevated
risk of mortality3-6.

Life-space is an integrated measure of mobility that assesses the extent, frequency, and
independence of an individual’s movement in the four weeks preceding assessment’: 8. In
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contrast to commonly used performance-based (e.g., gait speed) or self-report (e.g., ability
to walk 2-3 blocks) measures of mobility, which assess physical capacity for mobility at a
given point in time, the life-space assessment captures enacted mobility — what individuals
actually do in their daily life — and is thus a multidimensional construct, influenced by a
range of demographic, biological, medical, psychological, sociological, and environmental
factors’~13, In prospective studies, life-space has been shown to predict frailtyl4, decline in
cognitive function® 16, mild cognitive impairment8, incident Alzheimer’s Disease$, and
nursing home admission?’.

Because life-space is a comprehensive measure of enacted mobility, it may also be
particularly well suited for discriminating risk for death in older adults. If shown to be a
reliable predictor of mortality, life-space could be used in research to characterize study
populations and as an endpoint in intervention studies. Moreover, life-space could help to
guide clinical decision-making for the care of older adults by helping to refine survival
estimates and target timely interventions to extend independent mobility and prevent
premature mortality.

A previous prospective study of older men (mean age 79.3 years) with relatively limited
follow-up time (mean 2.7 years) found that life-space independently predicted mortality18.
At this point, replication studies are needed in other populations, including cohorts of
women in very late life. Accordingly, the primary aim of this study was to test the
hypothesis that lower levels of life-space mobility are associated with greater all-cause
mortality in older women. A secondary and exploratory aim was to test the hypotheses that
lower levels of life-space mobility are (i) associated with greater noncancer, cardiovascular,
and other (noncardiovascular, noncancer) mortality, and (ii) not associated with cancer
mortality® 19 in older women.

METHODS

Study Population

Participants were from the Study of Osteoporotic Fractures (SOF), a prospective
observational study. During the baseline examination from 1986 to 1988, 9704 community-
dwelling white women aged 65 years or older were enrolled from population-based listings
in 4 areas of the United States: Baltimore, Maryland; Minneapolis, Minnesota; Portland,
Oregon; and Monongahela Valley near Pittsburgh, Pennsylvania. Between February 1997
and February 1998, an additional 662 African American women 65 years or older were
enrolled at the same 4 sites. Race/ethnicity was self-reported by participants, using
investigator-defined categories. The protocol and consent forms were approved by the
institutional review boards at all of the participating institutions. All participants provided
written informed consent.

Trained clinic staff administered the University of Alabama at Birmingham Life-Space
Assessment8 tool via interview either at the clinic site or at the participant’s residence during
the ninth follow-up visit for SOF between November 2006 and September 2008 to ascertain
daily movement in five life-space levels (described below) during the prior 4 weeks. The
Life-Space Assessment was conducted with the assistance of a proxy if necessary; previous
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studies have demonstrated the construct and concurrent validity and test-retest reliability of
the Life-Space Assessment in older adults”: 8 and that administration of the life-space
assessment to a familiar proxy informant is suitable and provides valid responsesZ°.
Participants with non-missing values for life-space were included in the analysis data set for
this study (N=1,498; 97.7% of 1534 active participants who had a clinic or home visit at the
ninth visit; 58.8% of 2548 total active participants who had a clinic visit, home visit, or self-
administered questionnaire at the ninth visit).

Life-Space Assessment

Mortality

At the ninth follow-up visit for SOF, participants were asked “During the past 4 weeks, have
you been to: other rooms of your home besides the room where you sleep? (level 1); an area
outside your home, such as your porch, deck, or patio, hallway (of an apartment building), or
garage, in your own yard or driveway? (level 2); places in your neighborhood, other than
your own yard or apartment building? (level 3); places outside your neighborhood, but
within your town? (level 4), and places outside your town? (level 5)” For each level,
participants were asked how often they traveled to that area (1=less than 1/wk, 2= 1-3/wk,
3= 4-6/wk, 4=daily), and whether they needed assistance from equipment or another person
to travel to that level (2=no assistance, 1.5=use of equipment only, 1=use of another person
with or without assistance). Individual level scores were calculated by multiplying the level
number by the scores for independence and frequency. In turn, composite life-space scores
were calculated by summing the individual level scores and could range from 0 (restricted to
one’s bedroom) to 120 (daily travel outside one’s town without assistance).

After life-space assessment, women were contacted every 4 months; when they did not
return these questionnaires and could not be reached by telephone, next of kin were
contacted. Death certificates and medical records (where possible) were collected for all
deaths. Centralized physician adjudicators reviewed date and cause of death from death
certificates. Cause of death was classified by International Classification of Diseases, Ninth
Revision (ICD-9) codes as cardiovascular (401-444.9), cancer (140-239.9), or other causes
(codes not in previous categories). Follow-up for vital status was more than 95% complete
over a mean 5.2 +/- 2.2 years after life-space assessment through June 2015. The primary
outcome was all-cause mortality as conceptualization of a single underlying cause of death
is not appropriate for the majority of deaths occurring in late life since these deaths are
usually due to multiple coexisting diseases and conditions?!. Secondary and exploratory
outcomes were non-cancer mortality, cardiovascular mortality, cancer mortality, and other
mortality (noncancer, noncardiovascular), consistent with other studies8: 22,

Other Measurements

At the ninth follow-up visit for SOF, participants self-reported marital status (married vs.
other), race (white non-hispanic vs. other), education (college or greater vs. other), overall
self-rated health compared to others of same age (excellent/good vs. very poor/poor/fair),
smoking status (current, past, never), overnight hospitalization in the past year, living
arrangement (assisted living/nursing home vs. other), and walking for exercise via
questionnaire. Height was measured with a wall-mounted stadiometer and body weight was
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mackey et al.

Page 5

measured with a balance beam or digital scale. Body mass index (BMI) was calculated as
weight (kg) / height (m?2). Global cognitive function was assessed by interview using the
Teng modified Mini-Mental State Examination (3MS)23: 24, Gait speed was assessed as the
fastest of two 6-meter over-ground trials at usual pace from standing®®. Depressive
symptoms were assessed using the Geriatric Depression Scale (score = 6)28.

Participants reported whether a clinician had ever told them they had the following medical
conditions: diabetes mellitus, Parkinson’s Disease, chronic obstructive pulmonary disease
(COPD), myocardial infarction/coronary heart disease, hypertension, congestive heart
failure, stroke, peripheral vascular disease, non-skin cancer, and Dementia/Alzheimer’s
Disease.

Participants indicated if they had body pain or back pain on most days for one month in the
past 12 months (severe/extreme vs. none/mild/moderate). They were categorized as having
an activity of daily living (ADL) limitation if they reported much difficulty with any of the
following five activities or not doing an activity because of a health problem: walking 2-3
blocks; climbing up 10 stairs; getting in and out of bed and chairs; dressing; bathing or
showering?. Similarly, they were classified as having an instrumental activity of daily
limitation (IADL) limitation if they reported much difficulty with any of the following three
activities or not doing an activity because of a health problem: meal preparation; shopping;
or heavy housework?”.

Statistical Analysis

Characteristics of women were compared according to level of life-space using analysis of
variance for normally distributed continuous variables, Kruskal-Wallis for skewed
continuous variables, and chi-square for categorical variables.

Life-space was analyzed as a continuous variable (per standard deviation (SD) decrease),
and as a categorical variable using previously defined 20-point intervals (0-20, 21-40, 41—
60, 61-80, 81-100, 101-120)": 18, Due to the small sample size in the 101-120 group
(n=43), we combined the two highest categories into a single reference category (scores
from 81-120, n=229). Restricted independent life-space was defined as confinement to
one’s neighborhood if assistance (equipment or personal) was not used or not available; life-
space scores ranged from 0 to 87 (mean 39.2 +/- 14.1) for participants with restricted
independent life-space.

We plotted Kaplan-Meier product-limit survival curves to illustrate survival according to
life-space level. We used Cox proportional hazards models to estimate hazard ratios (HRS)
and corresponding 95% confidence intervals (Cls) of mortality according to life-space level.
We adjusted base models for age. Then we added adjustment for gait speed because it
measures capacity for daily movement (and thus supplements actual amount of daily
movement assessed by life-space) and is a strong predictor of mortality in older adults®. To
construct final multivariable models we screened a set of potential confounders: clinic site;
season of life-space assessment; body mass index; walk for exercise; Teng 3MS; race;
marital status; education; self-rated health; hospitalization in past year; smoking status; body
pain; back pain; ADL limitation; IADL limitation; and each of the medical conditions
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mentioned previously. If covariates were associated with life-space and at least one mortality
outcome in age-adjusted models at P<0.10, they were retained and included in initial
multivariable models. Next, if covariates were associated with at least one mortality outcome
at P<0.05 in initial multivariable models, they were retained and included in the final
multivariable models.

We performed several sensitivity analyses to examine the robustness of associations between
life-space and mortality. To examine the extent to which life-space reflects underlying
disease we performed three analyses. First, we excluded women (n=769) who reported a
history of diabetes mellitus, COPD, coronary heart disease, congestive heart failure, stroke,
peripheral vascular disease, or dementia/Alzheimer’s Disease at the time of life-space
assessment; then we re-ran age-adjusted models on the resulting “healthy” subset of
participants. We did not exclude women who reported a history of hypertension or non-skin
cancer, as we did not find these conditions to be associated with life-space (Table 1).
Second, we excluded women (n=33) who died within 6 months of the life-space assessment
and re-ran multivariable models. Third, we adjusted multivariable models for number of
self-reported medical conditions (index of chronic disease burden) rather than individual
medical conditions. To examine the impact of living arrangement on the association between
life-space and mortality, we excluded women (n=79) who reported living in a nursing home
and re-ran multivariable models, as opportunities for daily travel likely differs between
nursing home residents and community-dwelling older adults.

RESULTS

Participants ranged in age from 75 to 102 years with mean +/- SD of 87.6 +/- 3.4 years.
Life-space scores were approximately normally distributed (mean +/— SD 55.4 +/- 23.6,
median 52, interquartile range 37-72). Lower levels of life-space were associated with older
age, slower gait speed, less walking for exercise, and worse cognitive function (Table 1).
Women with lower levels of life-space were also more likely to be white, to live in an
assisted living or nursing home setting, to report severe or extreme body pain, to have an
ADL or IADL impairment, to have had an overnight hospitalization in the past 12 months, to
have depressive symptoms, and to have a variety of medical conditions. Women with lower
levels of life-space were also less likely to be married, to report excellent or good health
compared to others their age, and to have a college education.

Over a mean 5.2 +/- 2.2 years (range 7 days to 7.9 years) of follow-up, 842 (56.2%) women
died (unadjusted rate 109.0 deaths/1,000 person years, 95% CI=101.6 to 116.3). Of these,
244 (29.0%) were classified as cardiovascular deaths, 117 (13.9%) as cancer deaths, and 481
(57.1%) as other (noncardiovascular, noncancer). Among cardiovascular deaths, the most
common subtype was congestive heart failure (n=87, ICD-9 codes 428, 429.2). Among
cancer deaths, the most common subtype was colon cancer (n=21, ICD-9 codes 153-154.9).
Among other deaths, the most common subtype was neurological disease including
Dementias, Alzheimer’s and Parkinson’s Disease (N=114, ICD-9 codes 290-290.9, 331-
331.9, 332-332.1).

JAm Geriatr Soc. Author manuscript; available in PMC 2017 November 01.
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Unadjusted Kaplan-Meier curves for all-cause, noncancer, cardiovascular, and other
mortality are shown in Figure 1 according to category of life-space.

In age-adjusted models, there was a strong relation between decreasing level of life-space
and increasing risk of all-cause mortality (Py;#<0.001) (Table 2). In age-adjusted models,
risk of all-cause mortality was 4.90 times higher among women with the lowest level of life-
space (0-20 points) than in those with the highest level of life-space (81-120 points).
Women with life-space scores between 21 and 60 also had 2-3 times higher risk of all-cause
mortality. Each SD (24 point) decrease in life-space was associated with a 1.61 times higher
risk of all-cause mortality. For women with restricted independent life-space, risk of all-
cause mortality was 2.23 times higher than for women without restricted independent life-
space.

These associations were somewhat attenuated but remained strong and significant after
adding gait speed and full multivariable adjustment (Table 2). In the multivariable model, the
relation between decreasing level of life-space and increasing risk of all-cause mortality
remained strong (Pns<0.001). After multivariable adjustment, women with the lowest level
of life-space (0-20 points) had a 2.44 times higher risk of all-cause mortality than women
with the highest level (81-120 points), and women with life-space scores between 21-60
had 1.45-1.54 times higher risk of all-cause mortality. Each SD decrease in life-space was
associated with a 1.22 times higher risk of all-cause mortality. For women with restricted
independent life-space, risk of all-cause mortality was 1.36 times higher than for women
without restricted independent life-space.

In multivariable models, associations between life-space and the outcomes of non-cancer
and other (noncardiovascular, noncancer) mortality were similar in magnitude to those for
all-cause mortality (Table 2). Life-space was more strongly associated with cardiovascular
mortality than with all-cause mortality, and life-space was not associated with cancer
mortality.

Sensitivity analyses showed that life-space was more strongly associated with all-cause,
noncancer, cardiovascular, and other mortality in age-adjusted models in the subset of
“healthy” women (n=729) who were free of a variety of medical conditions at baseline
(Table 3). In contrast, adjusting for number of medical conditions (index of comorbidity
burden) rather than individual medical conditions did not alter the main multivariable
results. Similarly, excluding the 33 women who died within 6 months of life-space
assessment or the 79 women who lived in nursing homes did not alter the main multivariable
results (data not shown).

DISCUSSION

In this prospective study, unadjusted life-space mobility discriminated among older women
with low/moderate to very high risk for all-cause, noncancer, cardiovascular, and other
(noncardiovascular, noncancer) mortality. After adjustment for strong and established risk
factors for mortality (including age, gait speed, body mass index, physical activity, cognitive
function, self-rated health, smoking, pain, ADL and IADL impairment, history of

JAm Geriatr Soc. Author manuscript; available in PMC 2017 November 01.
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hospitalization, and chronic medical conditions), life-space scores of 60 or less were
significantly associated with elevated risk of mortality. In addition, a 24-point reduction in
life-space was associated with a 22-33% higher risk of mortality, and women with restricted
life-space (confined to their neighborhoods if assistance was not used or not available) had a
36-47% higher risk of mortality than their unrestricted counterparts.

Importantly, life-space was associated with mortality in older women after accounting for
our measures of underlying illness and gait speed. To control for the association between
chronic conditions and mortality, we conducted analyses where we (i) adjusted for
individual medical conditions, (ii) adjusted for number of medical conditions, (iii) excluded
women who died within 6 months of life-space assessment, and (iv) excluded women who
had one or more chronic conditions at the time of life-space assessment. Further, we
adjusted multivariable models for gait speed, which is one of the strongest physical
performance based predictor of mortality in older adults®. Across all of these permutations,
life-space remained significantly associated with mortality, which suggests that enacted
daily mobility contributes to health and survival separately and distinctly from medical
status, disability, and physical capacity; these results also point to the importance of spatial
contributions to health?8,

Life-space likely has some direct influence on mortality through downstream effects on
physical activity and fitness that result in early mortality3: 29. Life-space likely also reflects
underlying unmeasured biological, social, psychological, and environmental factors.
Biological factors may include pre-clinical disease burden, lack of physiological reserve,
frailty, the energy cost of mobility, and disturbances to organ systems. Social factors may
include lack of personal assistance and social support39, limited transportation options3?,
and changing cognitive and emotional functioning. Psychological factors may include
personality, motivation, and mental health9. Environmental factors may include built
environment features such as presence of sidewalks, green and blue spaces, destinations of
interest, weather, and neighborhood safety32 33, To this end, the life-space assessment would
be a simple, quick, and easy-to-administer proxy for a host of other risk factors for mortality.
To target interventions to prevent premature mortality, future research is warranted to
examine biological, social, psychological, and environmental mechanisms underlying the
association between life-space and mortality.

The current study extends our understanding of the relation between life-space and mortality
in older adults. A previous study showed that lower levels of life-space were associated with
higher risk of mortality in older men independent of other established risk factors?8, It
remained uncertain, however, if life-space predicted mortality in women; moreover, as mean
duration of mortality follow-up in that study was 2.7 years, the authors could not exclude the
possibility that life-space was a marker for existing disease. The current study shows that
life-space is associated with mortality in women in very late life (mean age was 87.6 years,
and most women were in their 9" and 10t decades of life). Furthermore, mean duration of
mortality follow-up in the current study was much longer at 5.2 years; thus, the results of the
current study more clearly suggest that limited life-space is a risk factor for future mortality,
even among the oldest old, rather than simply a marker of existing disease.

JAm Geriatr Soc. Author manuscript; available in PMC 2017 November 01.
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Average composite life-space scores among older women in the current study were
considerably lower than average scores among older men in our previous study (55.4 vs.
84.9)18, This likely reflects the older age distribution of women compared to men (mean age
87.6 vs. 79.3 years), but also suggests a sex-based difference in life-space mobility, as has
been noted in previous studies® 1934 and may point to greater risk for social isolation
among older women, and thus greater need among older women for social and
environmental supports to enable mobility.

The strengths of this study are the large and well-characterized study population, long
duration of mortality follow-up, and central physician adjudication of cause of death. This
study also has certain limitations. First, as the average age of participants was 87.6 years
(range: 75 to 102 years), this study does not provide knowledge about the association
between life-space and mortality in younger populations who may have ceiling effects for
the life-space assessment. Second, while the assumption of one underlying cause of death is
reasonable for individuals with a single disease or little comorbidity, assigning a single
underlying cause of death is not appropriate for the vast majority of deaths occurring in very
late life, as these deaths are usually due to multiple coexisting diseases and conditions. Thus,
to avoid bias due to misclassification, the primary outcome for this study was all-cause
mortality, and the cause-specific analyses we reported were exploratory in nature. Of note,
the pattern of associations we observed between life-space and cause-specific mortality was
previously observed between a variety of biomarkers and cause-specific mortality in a
younger (65-69 years) subgroup of women from the SOF cohort?2, and between life-space
and cause-specific mortality in men of mean age 79.3 years18, Therefore, in situations when
it is possible to assign cause of death with more certainty (less error), we would expect even
stronger associations between life-space and cause-specific mortality than found in the
current study. Furthermore, as hypothesized, we found that life-space was not associated
with cancer mortality. This finding is consistent with and reinforces how cancer death has a
different association with biomarkers of aging and frailty than other causes of death8: 19. 22,
A minority proportion (11.5%, n=157) of participants who completed the life-space
assessment without any assistance from a proxy scored <80 on the 3MS, indicative of some
degree of cognitive impairment. Life-space scores from these individuals may not be
accurate and would likely lead to underestimation of the association between life-space and
mortality. Finally, we adjusted the multivariable models for gait speed, ADL and IADL
limitations, and physical activity because we postulated that reductions in the capacity for
movement captured by these variables drive subsequent reductions in enacted mobility
behaivour. Thus, we conceived of these variables as potential confounders of the association
between life-space and mortality, which necessitated statistical adjustment. If these
adjustments were unnecessary, the multivariable adjusted associations reported in this paper
may be underestimated35.

In summary, life-space predicts all-cause, noncancer, cardiovascular, and other
(noncardiovascular, noncancer) mortality in older women. Life-space scores of 60 or less are
associated with these types of mortality independent of other strong risk factors. The life-
space assessment may prove to be a useful tool in clinical practice and geriatric research.
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