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Abstract
Background  The Life-Space Assessment (LSA) can compliment traditional physical performance measures of mobility by 
accounting for the interaction between individuals and their environment. However, there are no studies that have generated 
percentile curves showing sex-stratified reference values in a large population-based sample of community-dwelling adults, 
making its interpretation difficult. Therefore, this study aimed to establish sex-stratified reference values for the LSA in 
middle-aged and older Canadians.
Methods  Baseline data for participants aged 45–84 years old from the Canadian Longitudinal Study on Aging (CLSA) were 
used (n = 22,154). Quantile regression was used to estimate specific percentiles, with age as the independent variable and 
LSA scores as the dependent variable. Models were run for the whole sample, then separately for males and females. The 
models were cross-validated to assess their reliability. CLSA inflation and analytic weights were applied.
Results  On average, the sample was 62.5 ± 10.0 y.o. (51.1% males), with a weighted mean LSA score of 89.2 ± 17.0. There 
was also a decrease in LSA scores with age, where scores were lower for older age groups compared to younger groups, and 
LSA scores were lower for females relative to males.
Discussion and conclusions  Reference data will aid in interpreting, comparing, and making inferences related to LSA scores 
obtained in clinical and research settings for Canadian adults.
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Introduction

A decline in mobility with age places a significant burden on 
older adults [1]. For example, impaired mobility is a predic-
tor of falls, loss of independence, institutionalization, and 

death [2–4]. The literature consistently demonstrates that 
mobility is strongly associated with health and quality of 
life [5–8]. However, there is a mismatch between the level 
of functioning that individuals report as being capable of 
and the level of functioning that they achieve in their day-
to-day life  [9].

In 1998, Glass proposed a model to distinguish between 
three “tenses” of functioning: the hypothetical (i.e., what 
a person can do), experimental (i.e., what a person could 
do), and enacted (i.e., what a person does do) [9]. First, the 
hypothetical tense of functioning refers to the individual’s 
perceived ability, traditionally captured through self-report 
measures. Second, the experimental tense refers to the indi-
vidual’s capability, which is often assessed by asking indi-
viduals to demonstrate their physical function in experimen-
tal or clinical settings (i.e., performance-based measures). 
Lastly, the enacted tense refers to the individual’s functional 
performance within the context of their home. Enacted func-
tioning acknowledges situational and ecological factors that 
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shape functioning in the real world. Although each tense 
represents different perspectives and may be more optimal 
in one situation over the other, relying solely on instruments 
which measure the hypothetical tense may lead to inaccurate 
estimates of disability rates, and underrepresentation of the 
importance of psychosocial factors in shaping functioning 
[9].

Mobility is often assessed in defined settings using physi-
cal performance measures, such as gait speed [10] and the 
Timed Up and Go test [11], capturing the experimental tense 
of functioning. Such physical performance measures focus 
on specific aspects of physical functioning (i.e., what indi-
viduals can do in experimental settings), but do not acknowl-
edge the interaction between the person and environment 
(i.e., what individuals actually do in their daily life, includ-
ing their homes) [12, 13].

Life-spaces refer to areas visited in everyday life (i.e., 
room, home, outdoors, neighborhood, service community, 
surrounding area, and world), and life-space mobility refers 
to an estimate of “the magnitude or extent of travel into the 
environment, regardless of how one gets there” [14]. In other 
words, life-space mobility captures an individual’s mobility 
within and outside their home. Notably, the construct of life-
space mobility that has emerged in the literature [15] aligns 
well with Glass’s enacted tense of functioning.

The Life-Space Assessment (LSA) is the most widely 
used measure of life-space mobility [16, 17] and is gaining 
increasing attention in the literature for reflecting the mobil-
ity of individuals in their daily life, acting as an informa-
tive measure of aging-related changes and functional abil-
ity. Further, the LSA has been shown to predict important 
health outcomes, such as morbidity and healthcare utiliza-
tion [18–21]. Given its advantages and its emerging use in 
research, reference data for the LSA is required to interpret, 
compare, and make inferences on scores obtained in clini-
cal and research settings. To our knowledge, there are no 
studies that have generated percentile curves, using robust 
regression analyses, showing sex-stratified reference data for 
the LSA in a large population-based sample of community-
dwelling Canadian adults, making its interpretation difficult. 
Therefore, the current study aimed to establish such sex-
stratified reference values for the LSA using data from the 
Canadian Longitudinal Study on Aging (CLSA) for adults 
with no underlying mobility limitations [22, 23].

The CLSA offers a comprehensive population-based data-
set from across Canada that is ideal for establishing sex-
stratified reference values. We hypothesized that LSA scores 
will decrease with age. Further, LSA scores for females will 
be lower than LSA scores for males, given that among older 
adults, females with any disease experience lower physical 
functioning relative to males [24, 25], and the LSA has been 
shown to reflect this sex-based difference [26].

Method

Study design

A cross-sectional secondary analysis of the CLSA baseline 
Comprehensive Cohort dataset (collected 2012–2015) was 
conducted.

Sample

The CLSA is a Canada-wide, 20 year longitudinal study 
of around 50,000 community-dwelling adults aged 
45–85 years at baseline [22, 23]. All 50,000 participants 
were asked to provide a core set of information regarding 
multiple measures (e.g., lifestyle/behaviour, social, physi-
cal/clinical, psychological, economic, and health status 
measures). Additionally, 30,000 of the 50,000 participants 
were asked to supplement this core set with in-depth infor-
mation (i.e., via interviews, physical examinations, and 
biospecimen collection), forming the CLSA Comprehen-
sive Cohort. The CLSA Comprehensive Cohort was used 
for this study.

The CLSA’s eligibility criteria excluded individu-
als who were: residents in the three territories and some 
remote regions, living on federal First Nations reserves 
and other First Nations settlements in the provinces, full-
time members of the Canadian Armed Forces, unable to 
respond in English or French, temporary visa holders 
or have transitional health coverage, and living in long-
term care institutions. Further, individuals with cognitive 
impairments or participants judged by the CLSA inter-
viewers as unable to understand the purpose of the study 
and/or provide reliable data were excluded.

The current study employed a subset of the CLSA Com-
prehensive Baseline Dataset to include all eligible partici-
pants ages 45–84 years. Participants with incomplete data 
on the LSA were excluded. Further, participants who: (i) 
had any injury over the last 12 months that limited nor-
mal activities, (ii) underwent surgery over the last three 
months, (iii) had chemotherapy in the last four weeks, and 
(iv) were currently receiving dialysis treatment were also 
excluded (participants with missing or incomplete val-
ues for these criteria were not excluded to avoid making 
assumptions about their health state). Lastly, individu-
als who reported one or more limitations in activities of 
daily living (ADL)/ instrumental activities of daily liv-
ing (IADL) were considered to have ADL disability and 
were excluded (participants with missing or inconclusive 
values were excluded to ensure that the included sample 
did not have any functional limitations). This exclusion 
criterion is necessary to ensure that the reference sample 
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generated was representative of healthy aging and mini-
mize the influence of underlying mobility limitations or 
serious chronic diseases.

Outcome measure

The LSA was completed using an in-home face-to-face 
interview and asks participants about the life-spaces they 
visited (i.e., 1 = rooms in the house outside of the bedroom, 
2 = yard or immediate outdoor area, 3 = their neighbourhood, 
4 = neighbourhoods outside their own, and 5 = outside of 
their city or town) [17]. Specifically, the LSA asks if an 
individual went to a certain life-space in the past 4 weeks 
(“Yes” or “No” for each level), with a “No” option scoring 
a 0, a level 1 life-space scoring 1 point for "Yes,” incre-
mentally increasing until the 5th life-space level which is 
given a score of 5 points for “Yes” [17]. Participants are then 
asked about the frequency of their movement within each 
life-space (i.e., 1 =  < 1/week, 2 = 1–3 times/week, 3 = 4–6 
times/week, and 4 = daily), and if assistance was required 
(i.e., 1 = personal assistance, 1.5 = assistive devices, 2 = no 
assistance) [17]. The method of scoring which accounts for 
all of this information is called the composite score (LS-C) 
and is calculated by multiplying the values across each level, 
and then the 5 level scores are added together. This scoring 
produces a value that can range from 0 to 120, with a change 
of 5 or more points considered clinically meaningful [17, 
27]. The LSA scores presented in this paper are the calcu-
lated composite scores (i.e., LS-C scores).

Ethical considerations

This study received approval from the Hamilton Integrated 
Research Ethics Board (HiREB application #8131).

Analysis

Descriptive summary statistics are presented as means and 
standard deviations (SD) for continuous variables. Counts 
and percentages are presented for categorical data. As the 
data did not meet the assumptions of a linear regression, 
quantile regression was used to estimate specific percentiles 
(i.e., 5th, 10th, 25th, 50th, 75th, 90th, and 95th percentiles), 
with age measured continuously as the independent variable 
and LSA scores as the dependent variable [28, 29]. Quantile 
regression was also used as it allows for the exploration of 
the relationship between variables at different percentiles. 
Cross-validation was used to compare between linear, quad-
ratic, and cubic polynomials for age. To cross-validate the 
models, from each year of age and sex strata, 70% of the 
included sample was randomly selected by the software as 
the “training” sample, while the remaining 30% was selected 
as the “testing” sample. The model fitted in the training 

sample was applied to the “testing” sample. The observed 
versus expected count of participants with measurements 
within each percentile range were determined. This process 
was repeated one hundred times using a seed of 1234. The 
cross-validation suggested that the quadratic model was 
satisfactory, compared to the linear or cubic models, as 
assessed by the proportion of the population covered by each 
percentile range (e.g., whether the 5th percentile covered 5% 
of the population) (Supplementary File 1: Table 2). Mod-
els were run for the sample, and then separately for males 
and females. Mean percentile values of the resulting model 
are presented by sex and age group (45–49, 50–54, 55–59, 
60–64, 65–69, 70–74, 75–79, and 80–84 years).

To generalize the results to the Canadian population 
and account for the complex survey design of the CLSA, 
sampling weights were incorporated into the analyses. As 
recommended and provided by the CLSA [22, 23], inflation 
weights were applied to the descriptive summary statistics 
(i.e., means and standard deviations), while analytic weights 
were applied to the quantile regression analyses. The appro-
priateness of the sampling weights was then assessed after 
removal of participants as per the exclusion criteria. Sig-
nificance levels for all statistical tests were set at the 0.05 
level, and statistical analyses were conducted using STATA 
version 16.0 or R version 4.1.1. for Macintosh software.

Results

As per the eligibility criteria, participants were excluded if 
they had incomplete data on the required questions of the 
LSA, which comprised 0.2% (n = 53) of the whole sam-
ple. Furthermore, participants with any injury over the last 
12 months that limited normal activities (n = 4,362), under-
went surgery over the last three months (n = 1,243), had 
chemotherapy in the last 4 weeks (n = 95), were currently 
receiving dialysis treatment (n = 14), and reported having 
ADL/IADL limitations (n = 2,931) or had an inconclusive 
ADL/IADL classification due to missing values (n = 108) 
were excluded.

Table 1 outlines the unweighted characteristics of the 
whole sample (n = 22,154), for males (n = 11,330) and 
females (n = 10,824). Around 50% of the participants 
were males (51.1%) and the mean age of the sample was 
62.5 years (SD = 10.0). Majority of the sample had a post-
secondary degree/diploma (78.1%), had at least one chronic 
condition (90.5%), and lived in an urban environment 
(90.5%).

Table 2 outlines the weighted LSA scores for the whole 
sample, as well as for males and females separately, after 
the incorporation of the sampling weights. The weighted 
LSA scores ranged from 0 to 120 for both males and 
females, with a mean LSA score of 89.2 (SD = 17.0) for 
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the whole sample, 91.0 (SD = 16.6) for males, and 87.4 
(SD = 17.3) for females, suggesting that, on average, the 
sample was able to move independently outside their 
neighborhood (i.e., LSA score > 60) [30]. Weighted mean 
LSA scores were typically lower for females compared to 
males. There was also a decrease in LSA scores with age, 

where scores were lower for older age groups compared 
to younger groups.

Table 3 presents a summary of results of the quantile 
regression, outlining the percentile mean values for the 
weighted sex-stratified reference values for the LSA scores 
(i.e., 5th to 95th percentiles) by age group (see Supplemen-
tary File 1: Table 1 for the reference values of the whole 
sample, and Supplementary File 2 for quantile regression 
raw percentile scores). The cross-validation suggested that 
the quadratic model was satisfactory, compared to the linear 
or cubic models, as assessed by the proportion of the popula-
tion covered by each percentile range (e.g., whether the 5th 
percentile covered 5% of the population) (Supplementary 
File 1: Table 2). Choice of the quadratic model was also 
supported by the visual inspection of the data. LSA scores 
were lower for the higher age groups and lower for females 
relative to males. These age-specific percentile trends are 
further illustrated in Figs. 1 and 2 (see Supplementary File 
1: Fig. 1 for age-specific percentile trends of the whole sam-
ple). The greatest decline in LSA scores generally occurred 
in the sixties, with an earlier decline occurring in the early 
fifties for those in the bottom percentiles (i.e., 5th and 10th). 
In addition to identifying trends, these graphs can be used 
to compare an individual’s score relative to others of the 
same age and sex.

Table 1   Unweighted sample 
characteristics for the whole 
sample (n = 22,154), males and 
females

Characteristic N (%)

Whole sample Males Females

Sex
 Males 11,330 (51.1) – –
 Females 10,824 (48.9) – –

Age (years)
 45–49 2,177 (9.8) 1,052 (9.3) 1,125 (10.4)
 50–54 3,633 (16.4) 1,797 (15.9) 1,836 (17.0)
 55–59 3,515 (15.9) 1,683 (14.9) 1,832 (16.9)
 60–64 3,874 (17.5) 2,010 (17.7) 1,864 (17.2)
 65–69 3,245 (14.7) 1,664 (14.7) 1,581 (14.6)
 70–74 2,253 (10.2) 1,207 (10.7) 1,046 (9.7)
 75–79 2,256 (10.2) 1,254 (11.1) 1,002 (9.3)
 80–84 1,201 (5.4) 663 (5.9) 538 (5.0)

Education
 < Secondary school graduation 1,137 (5.1) 541 (4.8) 596 (5.5)
 Secondary school graduation 2,114 (9.5) 956 (8.4) 1,158 (10.7)
 Some post-secondary education 1,570 (7.1) 799 (7.1) 771 (7.1)
 Post-secondary degree/diploma 17,297 (78.1) 9,010 (79.5) 8,287 (76.6)

Chronic disease
 Present 20,056 (90.5) 10,055 (88.8) 10,001 (92.4)
 Absent 1,926 (8.7) 1,168 (10.3) 758 (7.0)

Geographical location
 Rural 2,105 (9.5) 1,034 (9.1) 1,071 (9.9)
 Urban 20,049 (90.5) 10,296 (90.9) 9,753 (90.1)

Table 2   Weighted LSA scores for the whole sample, males and 
females

Variable Mean (standard deviation)

Whole sample Males Females

Sex
 Male 91.0 (16.6) – –
 Female 87.4 (17.3) – –

Age (years)
 45–49 92.6 (16.2) 92.1 (16.1) 93.1 (16.3)
 50–54 93.8 (16.5) 95.3 (16.0) 92.3 (16.8)
 55–59 90.6 (16.5) 93.1 (16.7) 88.3 (16.1)
 60–64 88.0 (16.6) 89.7 (16.5) 86.3 (16.6)
 65–69 85.3 (16.5) 87.8 (16.0) 82.9 (16.7)
 70–74 84.1 (16.8) 87.3 (16.6) 81.1 (16.5)
 75–79 82.7 (16.1) 86.1 (15.3) 79.6 (16.3)
 80–84 78.6 (17.0) 83.2 (17.0) 74.5 (15.8)
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Discussion

To our knowledge, this is the first study to use a popula-
tion-based dataset and robust regression-based analyses to 
establish sex-stratified reference values for the LSA and 
present corresponding percentile graphs in community-
dwelling Canadian adults aged 45–84 years. Overall, LSA 
scores were lower for older individuals and for females. By 

generating reference values using quantile regression, the 
current study provided an opportunity to investigate the 
effect of age on LSA scores at the different percentiles of 
the population, as stratified by sex. Although the greatest 
decline in LSA scores occurred around 60 years of age, 
earlier declines (i.e., in the early fifties) were observed in 
the lower percentiles (i.e., 5th and 10th), suggesting that 
those individuals could be more at risk of experiencing 
earlier functional limitations.

Table 3   Weighted sex-stratified 
reference values for the LSA 
scores: mean percentile values

Age (years) Mean percentile values

5th 10th 25th 50th 75th 90th 95th

Males
45–49 66.0 72.0 82.0 91.7 100.3 110.2 119.7
50–54 65.5 72.1 82.0 92.0 100.8 110.7 120.1
55–59 64.5 71.5 81.4 91.7 100.8 110.6 119.6
60–64 63.0 70.2 80.3 90.9 100.3 109.8 118.2
65–69 60.9 68.2 78.7 89.4 99.3 108.3 116.0
70–74 58.2 65.5 76.6 87.3 97.8 106.2 113.0
75–79 55.0 62.0 74.0 84.7 95.7 103.4 109.1
80–84 51.2 57.8 70.8 81.4 93.2 100.0 104.4
Females
45–49 64.4 72.0 80.9 90.0 100.0 110.1 120.0
50–54 63.2 69.8 79.7 90.0 100.2 110.1 119.7
55–59 61.6 67.5 78.1 89.3 99.7 109.2 118.5
60–64 59.6 65.0 76.0 87.8 98.4 107.7 116.3
65–69 57.2 62.4 73.4 85.7 96.3 105.4 113.2
70–74 54.3 59.6 70.5 82.8 93.5 102.3 109.1
75–79 50.9 56.6 67.1 79.2 90.0 98.5 104.0
80–84 47.2 53.5 63.2 74.9 85.6 94.0 98.0

Fig. 1   Weighted percentile 
curves for the LSA scores in 
males
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The trends in reference values from the current study 
are comparable to those obtained from Australia (n = 3032) 
using data from the South Australian Health Omnibus 
Survey. Australian reference values show that LSA scores 
were lower for older age groups, and that females have 
lower LSA scores than males [26]. More specifically, after 
55 years, LSA scores in Australia were lower in females rela-
tive to males [26]. Similarly, in the current study, LSA scores 
were lower with increasing age in Canada, and were lower 
for females relative to males. Also, the greatest decreases in 
LSA scores by age occurred in the late fifties, with females 
showing larger decreases than males. Previous research pro-
vides an explanation for these sex-based differences: it has 
demonstrated that, among older adults, females with any 
disease/condition experience lower physical functioning 
relative to males [24, 25], and the LSA has been shown to 
reflect this sex-based difference [26].

In the literature, LSA scores < 60 typically indicate 
“restricted” life-space mobility (i.e., that individuals are 
confined to their neighborhood) [30]. On the other hand, 
LSA scores > 60 have been associated with an individual’s 
ability to get out of their neighborhood independently (i.e., 
“un-restricted life-space”) [30]. It is important to note that 
various factors can contribute to having a restricted life-
space mobility besides physical function (e.g., reduced 
social participation). Our results show that the age at which 
individuals’ LSA scores drop below 60 varies by sex. For 
the whole sample, restricted LSA scores are observed after 
65 years in the 5th percentile, and after 75 years at the 10th 
percentile. For males, restricted LSA scores are observed 
after 70 years for the 5th percentile and after 80 years for 
the 10th percentile. For females, restricted LSA scores are 

observed earlier than men, with the 5th percentile showing 
restricted LSA scores after 60 years and the 10th percentile 
after 70 years. Scores at other percentiles were not less than 
60 points within this sample, suggesting that individuals at 
lower percentiles are most at risk for having restricted life-
space mobility. This is critical as restricted LSA scores have 
been associated with negative health outcomes, such as a 
greater risk (4.4 times) of admissions to a nursing home 
after six years, relative to those with unrestricted life-space 
mobility [31], and individuals performing at these lower 
percentiles should be addressed to mitigate the effect of 
negative health outcomes. The LSA can track declines in 
individuals’ community mobility, often preceding IADL/
ADL limitations [31], and can provide an opportunity for 
early multidisciplinary intervention, specifically for those 
performing at lower percentiles of the population.

Restrictions in LSA scores can result from a variety of 
different factors. For example, Peel et al. [16] demonstrated 
that ADL, IADL, and the Short Physical Performance Bat-
tery (SPPB) only explained 45.5% of LSA score variability, 
suggesting that elements of social participation could also 
be reflected within this variability in scores. Furthermore, 
Kuspinar et al. [12] suggested that driving, social support, 
and walking speed were most associated with LSA scores in 
the CLSA. Together, these studies show that the LSA could 
be capturing aspects of daily mobility that are not reflected 
in traditional physical performance measures. The variables 
mentioned (e.g., physical function, driving, and social sup-
port) tend to decrease with age and could be contributing to 
the overall LSA trends observed in this study (e.g., restric-
tions were observed around the age at which people tend 
to retire and stop commuting). Moreover, environmental 

Fig. 2   Weighted percentile 
curves for the LSA scores in 
females
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barriers play a critical role in influencing life-space mobil-
ity: individuals experiencing high curbs or a lack of side-
walks have higher odds of restricted life-space mobility [15]. 
This further highlights the utility of the LSA in assessing a 
wholistic view of mobility, providing an opportunity for the 
exploration of the different factors that influence mobility 
from the home to the outside world.

The three tenses of functioning (i.e., the hypothetical, 
experimental, and enacted), defined by Glass, represent dif-
ferent yet complimentary perspectives on functioning [9]. 
Assessing  one tense over another is likely to have differ-
ent  applications; however, relying solely on measuring the 
hypothetical tense may lead to an inaccurate estimation of 
disability rates and  mobility in everyday life [9]. It is, there-
fore, important to consider the use of the LSA to compliment 
the use of other mobility measures [9]. Furthermore, since 
the LSA predicts morbidity, mortality, and healthcare utili-
zation [18–21], declines in life-space mobility could indicate 
an early decline in functioning, providing an opportunity 
to intervene early during a period when interventions are 
more likely to result in improvement [16]. Having popula-
tion-specific, sex-stratified reference values of the LSA then 
becomes essential to clinicians and researchers in Canada 
when assessing patients’ performance relative to the general 
population and, if needed, determining appropriate courses 
of action/treatment.

A strength of this study is the use of robust, regression-
based methods and the use of a large population-based 
dataset and sampling weights. However, given that the data 
collection sites of the CLSA are located in urban regions 
and given  the CLSA’s exclusion criteria, results of this 
study may not apply to those living in remote regions and 
the three territories, federal First Nations reserves and other 
First Nations settlements in the provinces. The sample may 
also not be representative of those who are not English- or 
French-speaking. Further, the percentile scores are limited to 
providing information about LSA score distribution and do 
not provide information about which scores are indicative of 
risk. Lastly, the data was collected between 2012 and 2015, 
prior to the COVID-19 pandemic, and may not reflect any 
changes in life-space mobility that were a consequence of it. 
Future research could determine LSA scores that are indica-
tive of risk of negative health outcomes, as well as investi-
gate the effect of the COVID-19 pandemic on LSA scores.

Conclusions

In conclusion, this study determined sex-stratified reference 
values for the LSA in community-dwelling middle-aged 
and older Canadians aged 45–84 years. The results suggest 
that LSA scores are lower for females and decline with age, 
with earlier declines observed among those scoring in the 

lowest percentiles. Consideration of life-space mobility is 
important for a comprehensive assessment of mobility and 
these population-based reference values will aid clinicians 
and researchers in interpreting LSA scores of individuals in 
Canada.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40520-​023-​02382-2.
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