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Abstract

Background—Life-space mobility assesses the extent, frequency, and independence of an 

individual’s movement. Limited life-space may be an early marker of end-of-life.
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Objectives—To evaluate the relation between life-space and mortality in older men.

Design—Prospective cohort study.

Setting—Six U.S. clinical sites.

Participants—Three thousand eight hundred ninety-two men aged 71–98 years, followed from 

2007–2011.

Measurements—Life-space during the past month was assessed as 0 (daily restriction to one’s 

bedroom) to 120 (daily trips outside one’s town without assistance) and categorized into 20-point 

intervals. Primary outcome: non-cancer mortality. Secondary outcomes: all-cause, cardiovascular, 

cancer, and non-cardiovascular non-cancer mortality.

Results—Over 2.7 years (2007–2011), 373 (9.6%) men died, 230 from non-cancer causes. 

Unadjusted risk of non-cancer mortality was 41.2% among men with the lowest level of life-space 

(0–20 points, n=34) versus 2.4% among men with the highest life-space (101–120 points, n=868), 

a 17-fold difference. In multivariable-adjusted models, there was a strong linear trend between 

decreasing life-space and increasing risk of non-cancer mortality (P=0.005). Compared to men 

with the highest life-space, risk of non-cancer mortality was 3.8-fold higher (95%CI:1.3,11.5) 

among men with the lowest life-space. Each SD (24 point) decrease in life-space was associated 

with a 1.3-fold higher risk (1.1–1.5) of non-cancer mortality. Men who did not travel beyond their 

neighborhood without assistance (n=471) had a 1.5-fold higher risk (1.0–2.3) of non-cancer 

mortality. Results were similar for all-cause mortality and did not change after control for chronic 

disease burden.

Conclusion—Life-space predicted a variety of mortality endpoints in older men; scores ≤40 

were associated with mortality independent of other risk factors.

Keywords

aged; mobility limitation; mortality; independence; activities of daily living

INTRODUCTION

Declining mobility is a hallmark of the aging process across multiple species that is 

associated with increased mortality. Older adults who maintain higher levels of energy 

expenditure, and therefore mobility, have decreased mortality.1 In addition, performance-

based measures of mobility, such as aerobic fitness and 400-meter walk time, are strongly 

associated with mortality in older adults.2, 3

Life-space is a novel and integrated measure of mobility that assesses the extent, frequency, 

and independence of an individual’s movement within his environment.4, 5 Life-space is 

distinct from traditional performance-based measures of mobility because it assesses an 

individual’s enacted mobility rather than physical capacity at a given point in time. Life-

space is therefore a multidimensional construct, conceived to be influenced by psychosocial 

and environmental factors in addition to physical capacity.

Life-space, as a comprehensive measure of mobility, may discriminate risk of death in older 

adults and thereby help to appropriately tailor care and target interventions that extend 
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independent mobility and prevent premature mortality. The aim of this study was to test the 

hypothesis that lower levels of life-space are associated with greater non-cancer, all-cause, 

cardiovascular, and other (non-cardiovascular non-cancer) mortality.

METHODS

Study Population

Participants were from the Osteoporotic Fractures in Men (MrOS) study, a prospective 

observational study of aging. During the baseline examination from March 2000 to April 

2002, 5,994 men ≥65 years were enrolled at six US clinical centers: Birmingham, Alabama; 

Minneapolis, Minnesota; Palo Alto, California; Monongahela Valley near Pittsburgh, 

Pennsylvania; Portland, Oregon; and San Diego, California. Men were not eligible to 

participate if they reported bilateral hip replacement or required assistance from another 

person in ambulation.6, 7 The protocol and consent forms were approved by the institutional 

review boards at all of the participating institutions. All participants provided written 

informed consent.

The University of Alabama at Birmingham Life-space Assessment 5 tool was administered 

by interview by trained clinic staff at the third follow-up visit for MrOS between March 

2007 and March 2009 to ascertain movement in five life-space levels (described below) 

during the month prior to assessment. Participants with non-missing values for life-space 

were included in the analysis dataset for this study (n=3892; 79.8% of active participants at 

the third visit; 99.5% of active participants who had a clinic/home visit at the third visit).

Life-Space Assessment

Specific questions were: “During the past 4 weeks, have you been to: level 1-“other rooms 

of your home besides the room where you sleep?”; level 2-“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 3-“places in your neighborhood, other than your own yard or 

apartment building?”; level 4-“places outside your neighborhood, but within your town?”; 

level 5-“places outside your town?” For each level, participants were asked how often they 

traveled to that area and whether they needed assistance from equipment or another person. 

Participants decided their meaning of neighborhood and town.

The composite life-space score was calculated by assigning a score to each of the 5 levels 

and summing the 5 scores. Individual level scores were obtained by multiplying the level 

number (1–5) by a value for independence (2=no assistance; 1.5=use of equipment only; 

1=use of another person with/without equipment) by a value for frequency (1=less than 

once/week; 2=1–3 times/week; 3=4–6 times/week; and 4=daily). Composite life-space 

scores could range from 0 (restricted to one’s bedroom) to 120 (traveled outside one’s town 

daily without assistance). The maximum life-space score for individuals who were restricted 

to their home (level 1) was 8 (daily trips outside their bedroom without any assistance); to 

areas outside their home (level 2) was 24; to their neighborhood (level 3) was 48, to their 

town (level 4) was 80, and to outside their town (level 5) was 120.
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Mortality

Following life-space assessment, men were contacted by mail every 4 months. When men 

did not return these questionnaires and could not be reached by phone, next of kin were 

contacted; death certificates and medical records (where possible) were collected for all 

deaths. Central physician adjudicators reviewed date and cause of death from death 

certificates. Cause of death was broadly categorized by International Classification of 

Diseases (ICD)-9 codes as cardiovascular (codes 396.9–441.5), cancer (codes 141.9–205.0), 

and other causes (codes not in the previous categories). Follow-up for vital status was more 

than 99% complete during mean (SD) of 2.7 (0.6) years after life-space assessment through 

January 2011. The primary outcome was non-cancer mortality; we excluded cancer 

mortality because cancer is not a degenerative disease, and markers of longevity and aging 

typically have weak associations with cancer mortality.8 Secondary outcomes included total 

all-cause mortality, cardiovascular mortality, cancer mortality, and other mortality (non-

cancer non-cardiovascular).

Other Measurements

Race (white/not white), education (≥college), and marital status (married/not married) were 

self-reported. Height was measured with a wall-mounted Harpenden stadiometer (Holtain 

Ltd, DyFed, UK), and body weight was measured with a balance beam or digital scale. Body 

mass index (BMI) was calculated as weight (kg)/height (m2). Overall self-rated health 

(excellent/good vs. fair/poor/very poor) and smoking status (never/past/current) were 

ascertained by questionnaire. Cognitive function was assessed by interview with the Teng 

modified mini-mental state (3MS) examination.

Participants reported whether a clinician had ever told them they had certain medical 

conditions, including diabetes, high or low thyroid, coronary heart disease (myocardial 

infarction, angina, or blocked coronary arteries requiring angioplasty or stenting), congestive 

heart failure, stroke, hypertension, peripheral vascular disease, dementia or Alzheimer’s 

disease, Parkinson’s disease, chronic kidney disease, chronic obstructive pulmonary disease 

(COPD), liver disease, rheumatoid arthritis, and non-skin non-melanoma cancer.

Depression symptoms were assessed by the Geriatric Depression Scale (score ≥6).9 Gait 

speed was assessed as the fastest of two trials of usual-pace walking over a 6-meter over-

ground course. Physical activity was assessed with the Physical Activity Scale for the 

Elderly.10 Participants reported whether they had limited their activities because of back 

pain in the past 12 months and the degree to which pain interfered with normal work inside 

and outside the home (not at all/a little bit vs. moderately/quite a bit/extremely).11 Men also 

reported limitations in five instrumental activities of daily living (meal preparation, 

shopping, heavy housework, managing money, taking medications) and in four activities of 

daily living (walking 2–3 blocks, climbing 10 stairs, getting in/out of bed/chairs, bathing or 

showering); those who reported any difficulty with any activity or not doing an activity 

because of a health or physical problem were considered to have an IADL or ADL 

limitation, respectively.12
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Statistical Analysis

Characteristics of men were compared across levels of life-space using ANOVA for 

normally distributed continuous variables, Kruskal-Wallis for skewed continuous variables, 

and χ2 tests for categorical variables.

Life-space was analyzed as a continuous variable (per SD decrease) and as a categorical 

variable using previously defined levels based on 20-point intervals (0–20;21–40;41–60;61–

80;81–100;101–120).4 Restricted independent life-space was defined as confinement to 

one’s neighborhood if assistance (equipment or personal) was not used or available; 

participants with restricted independent life-space had life-space scores between 4–102 with 

mean (SD) of 42.1 (15.9).

Kaplan-Meier product-limit survival curves were used to illustrate survival by life-space 

level. Cox proportional hazards models were used to estimate hazard ratios (HRs) and 95% 

confidence intervals (CIs) of mortality in relation to life-space. Base models were adjusted 

for age. Next, gait speed was added, as it is a strong predictor of mortality in older adults13 

and together with life-space provides a fairly complete picture of an individual’s capacity for 

movement and actual amount of daily movement. Next, a set of potential confounders were 

screened to construct multivariable model: clinic, season of life-space assessment, BMI, 

physical activity, cognitive function, race, marital status, education, self-rated health, current 

smoking status, pain that interfered with normal work inside or outside the home, limited 

activity because of back pain, ADL limitation, IADL limitation, and each of the medical 

conditions listed previously. Covariates that were not significantly associated at P<0.10 with 

life-space or with at least one of the five mortality outcomes in age-adjusted models were 

dropped. All others were included in initial multivariable models. Of these, covariates that 

were not associated with at least one mortality outcome in initial multivariable models at 

P<0.05 were dropped; all others were retained in the final multivariable models.

Men who were lost to follow-up (n=13) were considered censored in all analyses. In cause-

specific mortality analyses, men who died of another cause were censored at the time of 

their death, and 43 men were excluded because cause of death was pending adjudication at 

the end of follow-up.

Several sensitivity analyses were performed. To examine the extent to which life-space 

reflects underlying illness, we excluded men (n=1910) who reported a history of any of the 

following medical conditions at the time of life-space assessment: diabetes, COPD, coronary 

heart disease, congestive heart failure, stroke, peripheral vascular disease, or dementia/

Alzheimer’s; then we re-ran age-adjusted models on the resulting “healthy” subset of the 

study population. To account for chronic disease burden, we adjusted multivariable models 

for number of self-reported medical conditions instead of individual medical conditions. To 

determine if living arrangements explained the relation between life-space and mortality, we 

excluded men (n=56) who reported living in nursing homes or assisted living centers and re-

ran multivariable models.
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RESULTS

Life-space scores were approximately normally distributed with mean (SD) of 84.9 (24.2) 

and median (IQR) of 90 (72,100). Lower levels of life-space were associated with older age, 

greater BMI, slower gait speed, less physical activity, and poorer cognitive function (Table 

1). Men with lower levels of life-space were less likely to be white, married, have a college 

education, or report excellent/good health; they were more likely to report pain interfering 

with normal work, limited activities in the past 12 months due to back pain, ADL and IADL 

limitations, and a variety of medical conditions.

Men with the highest level of life-space (101–120 points) all made daily trips to places in 

their neighborhood, most made daily trips to places outside their neighborhood in their town, 

and almost half made daily trips to places outside their town (Table 2). With few exceptions, 

they made these trips without any type of assistance. Men with the lowest level of life-space 

(0–20), with one exception, made daily trips to rooms in their home outside their bedrooms, 

but most required personal assistance. No men in this category made daily trips any further 

than their yard or driveway, nor were they able to go to places beyond their yard or 

driveway without personal assistance. Only two men in this category ever traveled outside 

their town.

Assistance of any type was rare among men with life-space scores above 80 (Table 2). Most 

men with moderate life-space scores (61–80) also did not require assistance at any level of 

life-space; when assistance was required, equipment was as common as personal assistance. 

In contrast, assistance was commonly required at all levels of life-space among men with 

lower life-space scores (0–60), and personal assistance was more common than equipment 

only.

Over a mean 2.7 years (SD, 0.6 yrs; range 0 days to 3.7 yrs) of follow-up, 373 (9.6%) men 

died (unadjusted rate 35.8 deaths/1000 person years, 95% CI: 32.2, 39.5). Of these, 115 

(30.8%) were classified as cardiovascular deaths, 100 (26.8%) as cancer deaths, and 115 

(30.8%) as other (non-cardiovascular, non-cancer); 43 (11.5%) deaths were unclassified and 

therefore excluded from cause-specific mortality analyses. Among cardiovascular deaths, 

the most common sub-type was ischemic heart disease (N=50, ICD-9 codes 410–414). 

Among cancer deaths, the most common sub-type was lung cancer (N=26, ICD-9 codes 

162). Among other deaths, the most common sub-type was COPD (N=18, ICD-9 codes 

490–496).

Unadjusted Kaplan-Meier curves for each mortality endpoint by category of life-space are 

shown in Figure 1. Lower levels of life-space were strongly associated with higher crude 

rates of non-cancer mortality, with a 17-fold difference in risk of non-cancer mortality 

between the lowest (41.2%) and highest (2.4%) levels of life-space (Table 3).

In age-adjusted models, there was a strong linear relationship between decreasing life-space 

and increasing risk of non-cancer mortality (Ptrend<0.001) (Table 3). Men with the lowest 

level of life-space (0–20 points) had a 13-fold higher risk of non-cancer mortality than men 

with the highest life-space (101–120 points). Men with life-space scores from 21–80 also 

had substantially elevated risk of non-cancer mortality compared to men with the highest 
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life-space. Each SD (24 point) decrease was associated with a 1.93-fold increase in risk of 

non-cancer mortality. Men with restricted independent life-space (confined to one’s 

neighborhood) had a 4.5-fold higher risk of non-cancer mortality than men without restricted 

life-space.

Results were attenuated but remained significant after adding gait speed and multivariable 

adjustment (Table 3). In multivariable models, the linear relationship between decreasing 

life-space and increasing mortality remained strong (Ptrend=0.005). Men with life-space 

scores ≤40 had an elevated risk of non-cancer mortality compared to men with the highest 

level of life-space, and risk of non-cancer mortality remained almost 4-fold higher among 

men with life-space scores ≤20 versus men with the highest life-space. Each SD decrease in 

life-space was associated with a 1.25-fold increase in risk of non-cancer mortality. Men with 

restricted independent life-space had a 1.54-fold higher risk of non-cancer mortality.

Associations between life-space and all-cause mortality were similar to those for non-cancer 

mortality (Table 3). Life-space was even more strongly associated with other mortality (non-

cardiovascular non-cancer) than non-cancer mortality (Table 3). Results were weaker for 

cardiovascular mortality (Table 3). Life-space was not associated with cancer mortality 

(Table 3).

In sensitivity analyses, life-space was strongly associated with non-cancer, all-cause, 

cardiovascular, and other mortality in age-adjusted models among the population of 

“healthy” men (n=1982) free of a variety of medical conditions at baseline (data not shown). 

Adjusting for number of medical conditions as an index of chronic disease burden rather 

than adjusting for individual medical conditions did not alter the results (data not shown). 

Similarly, excluding 56 men who reported living in nursing homes or assisted living 

facilities did not alter the results (data not shown).

DISCUSSION

Life-space is a simple, novel, and integrated measure of mobility that captures the extent, 

frequency, and independence of an individual’s typical movement within their environment. 

In this prospective study of older men, unadjusted life-space scores discriminated risk for 

non-cancer, all-cause, and other (non-cardiovascular non-cancer) mortality from very low to 

extremely high risk. Furthermore, following adjustment for strong risk factors for these 

mortality endpoints, including age, self-rated health, chronic medical conditions, physical 

function including gait speed, and physical activity, life-space scores ≤40 were significantly 

associated with mortality, and a 24-point decrease in life-space was associated with a 19–

38% increase in risk of mortality. Results were not altered after adjustment for chronic 

disease burden or the exclusion of men with baseline chronic medical conditions and those 

living in nursing homes or assisted living facilities. Thus, life-space provides unique 

information relevant to mortality over and above that provided by underlying illness among 

older men. Of note, men with life-space scores ≤40 exhibited characteristics of physical 

frailty including weakness, slowness, and low physical activity and often required personal 

assistance for mobility tasks inside and outside their homes. To this end, life-space may be a 

marker of physical frailty and the resources and supports available to compensate for it.
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Why would life-space predict mortality? There are two possible interpretations. The first is 

that life-space directly influences mortality in older men, such that lesser amounts and 

independence of movement cause early mortality. For example, restrictions in life-space 

may lead to reductions in physical activity and fitness. Previous research has established that 

lower levels of fitness are associated with higher risk of mortality14 and improvements in 

fitness cause reductions in mortality.15 If life-space has a direct causal relationship with 

mortality, then alterations to life-space should impact mortality risk; future research is 

needed to test this hypothesis.

A competing interpretation is that life-space reflects underlying and unmeasured biological, 

and possibly social, factors that directly influence mortality; biological factors might include 

subclinical illness, the ability of skeletal muscle to generate ATP energy, the energy cost of 

mobility, and disturbances in organ systems. In this regard, life-space may be seen as an 

easily measured biomarker of aging that is useful in the early identification of individuals at 

elevated risk for functional decline and premature mortality. In support of this notion, 

shrinking life-space has been proposed as a behavioral adaptation to declining physiologic 

reserve and capacity.16 Moreover, involvement in a smaller life-space may reflect lower 

levels of social support and engagement, and cognitive and emotional functioning that 

impact mortality. Future research with longer follow-up will help to elucidate the pathways 

by which life-space is associated with mortality.

Our study adds to the growing list of prospective investigations of life-space. In previous 

studies, low levels of life-space have predicted increased risk of frailty,16 decline in 

cognitive function,17, 18 mild cognitive impairment,18 and Alzheimer’s Disease.18 More 

constricted life-space also predicted greater risk of all-cause mortality over 4 years of 

follow-up in older men and women without dementia 19 and greater risk of frailty-free 

mortality over 3 years of follow-up in disabled women.16 The current study extends our 

understanding of the relationship between life-space and mortality. We studied a large and 

relatively healthy community-dwelling population of older men, examined multiple 

mortality endpoints, adjusted for a large number of potential confounding factors, and used 

composite life-space scores, which are the most comprehensive description of an 

individual’s life-space. Previous studies16, 19 used modified versions of the life-space 

assessment that did not completely ascertain extent, frequency, and independence of 

movement, and they considered fewer confounders.19

We found that life-space provides unique information about risk of mortality over and above 

that provided by gait speed, which is widely recognized as the strongest physical 

performance predictor of mortality in older adults.13 This suggests that enacted mobility 

makes an important contribution to health and survival distinct from physical capacity, and 

highlights the importance of spatial contributions to health.

Mortality appears to be more strongly associated with life-space than other established risk 

factors, including chronic disease burden, gait speed, and self-rated health. We observed a 

10-fold increase in crude risk of all-cause mortality between the lowest and highest 

categories of life-space. For comparison, the Cardiovascular Health Study found a 6.5-fold 

increase in crude risk of all-cause mortality between the lowest and highest levels of chronic 
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disease burden by the Physiologic Index of Comorbidity 20, and the Health, Aging, and 

Body Composition Study observed a 3-fold increase in risk between the fastest and slowest 

quartiles of gait speed.3

The life-space questionnaire has strong potential to become a standard assessment tool in 

clinical practice and geriatric research. The questionnaire is simple, easy, and quick to 

administer, and our crude analyses showed it is able to identify older men with very low, 

moderate, and extremely high risk of mortality. In practice, such information can guide 

clinical decision making by helping to refine survival estimates in older adults. Patients with 

low risk of mortality may be considered for preventive interventions whose benefits take 

time to accrue, while patients with high risk of mortality may be candidates for intense risk 

factor modification. In research, life-space can be used to characterize the health status of 

study populations and as an endpoint in intervention research.

For translation and implementation in clinical settings, life-space assessment done by 

questionnaire may prove more feasible than gait speed testing. Although the life-space-

mortality relationship appears linear across the range, future work to define appropriate cut-

points for clinical intervention may allow more quantitative interpretation of life-space 

scores. The current results suggest that older men who are unable to go places outside their 

neighborhood without assistance (restricted independent life-space) have a relatively high 

probability of death (28%) over 2.7 years.

This study has certain strengths and limitations. It included a large population of well-

characterized older men and centralized physician adjudication of cause of death. Men in 

this study were well enough to attend the third clinic visit of MrOS and were thus healthier 

than the general population. As this is the first report of associations between life-space and 

multiple mortality endpoints, replication studies in other cohorts are needed. Life-space was 

measured at one time point only, so we were unable to determine how changes in life-space 

are associated with mortality. We excluded cancer mortality from the primary outcome 

because cancer is not a degenerative disease and markers of longevity and aging typically 

have weak associations with cancer mortality 8; the results of our study confirmed that life-

space was not associated with cancer mortality. While hospitalization is associated with 

mortality and life-space,21 we did not have data on hospitalizations prior to life-space 

assessment, so our results are susceptible to residual confounding. We acknowledge that 

there are likely to be many reasons for life-space restriction in older age, including frailty, 

lack of personal assistance, and limited transportation options; however, examination of 

these reasons was beyond the scope of the present study. We also acknowledge that a good 

clinician might be able to estimate survival probabilities from participant responses to less 

structured queries. Nevertheless, studies of clinical judgment are difficult to compare across 

patients or cohorts, and less amenable to research for prevention protocols. Finally, with a 

short mean follow-up of 2.7 years we cannot completely rule out the possibility that life-

space is a risk marker for existing disease rather than a risk factor for future mortality.

In summary, life-space predicts non-cancer, all-cause, and other (non-cardiovascular non-

cancer) mortality in older men. Life-space scores ≤ 40 are associated with these mortality 
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endpoints independent of other strong risk factors. The simple life-space questionnaire could 

become a standard assessment tool in clinical practice and geriatric research.
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Figure 1. 
Kaplan-Meier Survival Plots by Life-Space in the Osteoporotic Fractures in Men (MrOS) 

Study, 2007–2011.
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