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Abstract

Objectives To develop a German version of the original University of Alabama at Birmingham 

(UAB) Study of Aging Life-Space Assessment (LSA-D) for measurement of community 

mobility in older adults within the past 4 weeks and to evaluate its psychometric properties for 

urban and rural populations of older adults.

Design Cross-sectional validation study.

Setting Two study centres in urban and rural German outpatient hospital settings.

Participants In total N=83 community-dwelling older adults were recruited (n=40 from urban 

and n=43 from rural areas; mean age was 78.5 (SD=5.4); 49% male).

Primary and secondary outcome measures The final version of the translated LSA-D was 

related with questions about activities and instrumental activities of daily living (ADL/iADL; 

primary hypothesis), Timed-Up&Go-Test (TUG), self-rated health, balance confidence and 

history of falls and sociodemographic factors to obtain construct validity. Secondary outcome 

measures of health included handgrip strength, screening of cognitive function, comorbidities 

and use of transportation. To assess construct validity, correlations between LSA-D and all 

primary outcome measures were examined for total sample, urban and rural subsamples using 

bivariate regression and multiple adjusted regression models. Posthoc analyses included 

different LSA-D scoring methods for each region. All parameters were estimated using non-

parametric bootstrapping procedure. 

Results In the multiple adjusted model for the total sample, number of ADL/iADL limitations 

(β=-.26; 95%CI=-.42/-.08), TUG (β=-.37; 95%CI=-.68/-.14), living in shared living 

arrangements (β=.22; 95%CI=.01/.44) and history of falls in the past 6 months (β=-.22; 

95%CI=-.41/-.05) showed significant associations with the LSA-D composite score, while 

living in urban area (β=-.19; 95%CI=-.42/.03) and male gender (β=.15; 95%CI=-.04/.35) were 

not significant.
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Conclusion The LSA-D is a valid tool for measuring life-space mobility in German 

community-dwelling older adults within the past four weeks in ambulant urban and rural 

settings. 

Trial registration number DRKS00019023

Keywords: Older adults; Mobility; Life-space; German; Validation; living environment; 

geriatrics, 

Strengths and limitations of this study

 German validation of the original UAB Life-Space Assessment (LSA-D) for community 

dwelling older adults in urban and rural settings

 Using bootstrapped bivariate and multiple adjusted regression models to attain construct 

validity of the LSA-D

 Recruitment had to be stopped shortly before reaching the calculated sample size due to the 

decision to restrict in face-to-face research to contain the outbreak of the Covid-19 

pandemic in March 2020
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Introduction

Mobility, defined as “the ability to move oneself (either independently or by using assistive 

devices or transportation) within environments that expand from one’s home to the 

neighbourhood and regions beyond”[1] encompasses general independence, opportunities for 

social activities and freedom to experience new sites. This broad concept of mobility goes 

beyond the narrow conception of mobility as performance in a single functional test without 

considering environmental barriers and social resources although their impact on mobility has 

been investigated.[2, 3] Therefore, the focus on single functional mobility tests can lead to 

misconceptions about actual mobility performance in everyday life and health practitioners may 

oversee possible consequences for social participation and mental health.[4]

To overcome these shortcomings of functional mobility assessments, recent studies of mobility 

and aging operationalize mobility as circled areas, so-called life-spaces, that spread from the 

centre of one’s own house and garden to the neighbourhood, the city lived in and beyond, with 

each life-space offering different opportunities for social involvement, recreational activities or 

access to medical care.[5, 6] The application of self-reported life-spaces to determine mobility 

of older adults was first established by May et al. in 1985[7] and assessment of life-space 

mobility with standardized questionnaires was recently recommended for geriatric research.[8] 

Several instruments for measuring life-space mobility in specific populations and settings exist, 

including assessments of life-space within one’s own residence for home-bound individuals[9] 

or residents in nursing homes and other institutions.[10, 11] 

One of the most frequently applied instruments for measurement of mobility in older adults 

using the life-space concept is the validated Life-Space Assessment (LSA) by Baker et al.[12] 

as part of the University of Alabama at Birmingham (UAB). Study of Aging. The LSA provides 

health professionals in geriatric settings with information on availability of environmental and 

Page 5 of 30

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

RUNNING HEAD: Life-Space Assessment, p. 5 of 28

social resources as an outcome of mobility assessment and gives them a more comprehensive 

picture of the patient’s needs. 

The importance of the LSA for clinical practice has been shown in various studies. Kennedy et 

al.[13] for instance found that a decline in life-space over six months is associated with greater 

mortality in the following six months. Limitations in life-space mobility are associated with 

long-term mortality of older men[14], cognitive decline[15], risk of falls[16], frailty[17] and 

hospital admission in older adults with heart failure.[18] Furthermore, the concept has already 

been established in outpatient physical therapy with various community-dwelling neurological 

orthopaedic and surgery patients.[19] Additionally, psychological health factors like external 

control believes[20] and personal activity goals[21] influence life-space mobility. Therefore, 

the LSA can also supplement evaluation concepts in psychological research and treatment of 

older adults. The construct validity of the LSA was commonly tested by relating the LSA to 

activities an instrumental activities of daily living (ADL/iADL) but also self-rated health and 

fears of falling.[22, 23, 24] Moreover, as Baker et al.[12] pointed out, there is a need to validate 

the LSA in urban and rural settings. As part of validity testing, the LSA has been translated into 

multiple languages such as Chinese[25], French[24], Spanish[22], Swedish[26] or Danish[27]. 

To date, two modified German versions for assessment of life-space mobility in specific 

populations of older adults exist: One for those with mild cognitive impairment (LSA-CI)[23] 

that captures life-space of the past week and one for those in institutionalized settings where 

life-spaces are adapted to the living environment of care facilities (LSA-IS).[11] However, a 

validated and intercultural adapted version of the original LSA that can be administered in the 

context of a more general geriatric setting in the overall population of community-dwelling 

older adults is still missing. Therefore, we conducted a validation study of a German version of 

the original LSA the

(LSA-D) in urban and rural areas.
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Aims and Hypotheses

Our aim was to translate, apply and validate the LSA-D, a German version of the LSA 

from the University of Alabama (UAB) Study of Aging for the population of urban and rural 

community-dwelling older adults. In line with the original validation of the LSA we 

hypothesized a moderate association of the LSA-D composite score with limitations in 

ADL/iADL as primary hypothesis[12] Further, we assumed moderate associations with Timed-

Up&Go-Test (TUG), self-rated health and history of falls. Finally, we expected the newly 

translated LSA-D to show these associations in both urban and rural populations of older adults.

Methods

Study design

A cross-sectional study design was used with two German hospital clinics as study 

centres. The first study centre was an ambulant geriatric rehabilitation facility of the Havelland 

clinics located in a small town (16,000 inhabitants) in Brandenburg, Germany. The second 

centre was based at the Charité – Universitätsmedizin Berlin within the Department of 

Anesthesiology and Operative Intensive Care. Approvement for the study was given by the 

local Ethics Committee of the Charité – Universitätsmedizin Berlin (EA2/124/19) and the study 

was prospectively registered at the German Clinical Trials Register (DRKS00019023). Sample 

size calculation was based on assumptions to find a moderate-to-strong association of beta/r=-

.40[12] between the LSA-D-composite score and ADL/iADL (i.e., primary hypothesis), 

functional mobility with TUG, self-rated health and balance confidence in all observed 

populations. For testing of the primary hypothesis, 92 participants or 46 subjects per setting 

(i.e., urban/rural) were required. This was based on the following assumptions: An effect size 

of Pearson's correlation coefficient or standardized beta coefficient of r/beta=-0.40 (ρ=-0.40 in 
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the population) was assumed in reference to the association between the LSA composite score 

(LS-C) and ADL/iADL found in the original validation study of LSA.[12] The power 

calculation with GPower 3.1 for bivariate correlations (test family "exact")[28] resulted in an 

estimated minimum sample size of n=46 participants per setting (urban/rural) and a critical r=-

0.29 with a type I error rate of alpha=0.025 (test one-sided; corrected for multiple testing 

[setting urban/rural; alpha=0.05/2]) and a statistical power of 1-β=0.80. Recruitment took place 

from November 2019 to February 2020 and ended in March 2020 with a sample size of 82 due 

to restrictions of the then starting coronavirus pandemic. A post hoc sensitivity analysis 

suggests that we are still able to detect effects of r=-.30 and larger.

Translation process

In accordance with the 2008 guidelines of the World Health Organization[29], forward 

translation into German language was separately conducted by two researchers who formulated 

two German versions that were discussed and then merged into one German pre-version of the 

LSA-D. The pre-version was given to two native English speakers for back translation. Again, 

both versions of the back translation were discussed by the two native speakers and a concerted 

version of the back-translation was produced. Differences between the original LSA and the 

concerted back-translation were discussed and reviewed with the original author of the LSA to 

redefine a pre-final version of the LSA-D that was pre-tested for understandability using 

cognitive interview technique among 4 older adults of the Charité – Universitätsmedizin Berlin 

to create the final LSA-D version.[30]
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Participants and Recruitment

The 83 participants were divided into two groups based on the size of their place of 

residence. Participants from villages (< 5,000 inhabitants) and small towns (up to 40,000 

inhabitants) were classified as living in rural areas. In contrast, participants who lived in the 

city of Berlin (3.8 million inhabitants) with its metropolitan infrastructure and services were 

classified as urban population. Inclusion criteria were defined as: age of 70 years and older; 

ability to read and understand the questionnaire and give written informed consent. Exclusion 

criteria were incidences that limited mobility within the past four weeks, severe cognitive 

limitations or mental conditions, need of acute care and insufficient understanding of the 

German language. In total, 126 persons were screened for eligibility of which 28 did not fulfil 

the inclusion criteria and 15 were unwilling to participate. In both study centres, participants 

were recruited during normal health care routine by trained study staff. All participants received 

verbal and written information on the study and were given time to consider participation before 

giving written consent. 

Measures

Sociodemographic measures

Demographic variables (i.e., age, gender, height, weight, status of shared living-

arrangements) use of public transportation and driving-status were assessed with a standardized 

questionnaire.

Primary outcome measures

Selection of other primary and secondary variables for determining construct validity 

was based on the original validation study of the UAB and other LSA validation studies from 

different countries.[12, 22, 23, 24] 

Life-space was evaluated with the translated German Version of the UAB Life-Space 

Assessment. The LSA consists of a questionnaire on five different life-spaces capturing six 
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possible levels of life-space (0. Mobility within the bedroom, 1. rooms inside the home besides 

the bedroom, 2. area outside the house, 3. neighbourhood, 4. town or city lived in, outside of 

town or city lived in). For each level, participants were asked a) if they went to this level in the 

past four weeks, b) if so, how often, c) if they needed assistive devices or special equipment to 

reach that level and d) if they needed personal help to reach that level.[12] Different scoring 

methods can be used with the LSA either indicating the maximum attained life-space level (LS-

M), life-space that can be reached independently without any further support (LS-I), reachable 

life-space with possible use of equipment but without personal help (LS-E), dichotomized life-

space (LS-D) that classifies a person’s mobility into the ability to travel beyond the borders of 

their self-perceived neighbourhood and the composite score (LS-C) that summarizes the 

attained LS-level, needed equipment or personal support and frequency of visits. The LS-C 

score ranges from 0 to 120 points with higher scores indicating better mobility. As the LS-C 

score has shown a good sensitivity regarding change over time, it is frequently applied in 

longitudinal studies.[31, 32] In cross-sectional studies, LS-I and LS-D are additional scores for 

describing actual mobility and associations with other health factors.[12] 

Limitations in ADL and iADL were investigated using questions from the “Survey of 

Aging and Retirement in Europe” (SHARE).[33] Participants were asked whether they had 

difficulties due to physical, emotional or cognitive problems to perform 15 activities like 

dressing, gardening, using a map or making a telephone call. Binary response options for each 

activity were yes or no. Subsequently, a sum score of limitations in ADL/iADL activities was 

calculated ranging from 0 to 15. Higher scores indicate more functional impairments.

The TUG is one of the most frequently used measures of balance and functional mobility 

in older adults and is a recommended tool for geriatric assessment.[34] During performance of 

the TUG, time (in seconds) is taken for rising up from a standardized chair, walking three 

metres, turning around, walking back and siting down again in a comfortable self-selected 
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speed.[35] Higher TUG times are associated with stronger mobility and ADL restrictions.[36, 

37] 

The EQ-VAS from the EQ-5D-5L version was used to record overall self-rated health 

of the day on a vertical visual analogue scale ranging from 0 points for the worst imaginable 

health to 100 points for the best conceivable health.[38] To measure balance confidence, we 

used the ABC-6-Scale that was translated into German and validated by Schott et al.[39] 

Participants were accounted to have a history of falls if they had fallen at least one time in the 

past six months using the criteria’s of the “Frailty and Injuries: Cooperative Studies of 

Intervention Techniques” to define a fall[40].

Secondary outcome measures of health 

Hand grip strength was measured as maximum of three contractions with a hydraulic handheld 

dynamometer (Sahean SH5001; Changwon, South Korea) in the dominant hand and 

standardized sitting position.[41] We administered the Charlson comorbidity index (CCI) as a 

method to categorize comorbidities (0-41 points) where  scores of >5 indicate a higher mortality 

risk.[42] Cognitive status was assessed with the Mini-Cog screening tool where a score ranging 

from 0-5 can be achieved and a score of 0-2 is seen as an indicator for further investigation of 

cognitive status.[43] 

Statistical analysis

Means (M) and standard deviations (SD) were reported descriptively for continuous 

demographic variables (i.e., age, height, weight) and health measures (i.e., limitations in 

ADL/iADL, time in seconds needed to complete TUG, self-rated health and balance 

confidence). Gender, status of shared living arrangements, use of different transportation modes 

and history of falls were reported for the total and each subsample as absolute frequencies and 

percentage of participants. Distribution of the data was skewed therefore we used the non-

parametric, bias corrected and accelerated (BCA) bootstrap method with 10,000 resamples and 
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fixed random seeds that resamples the collected data with replacement to derive robust 

results.[44] With the BCA bootstrap method, coefficients and confidence intervals can be 

estimated with good statistical power even if sample sizes are small and distribution of data is 

unknown or not normal. For investigating differences between urban and rural participants, the 

Welch Test was performed as it has been recommended as a standard test for small samples.[45] 

To determine construct validity of the LSA-D, BCA bootstrap method and standardized z-

scores (i.e., that can be interpreted like beta coefficients) of the included binary and continuous 

variables (i.e., age, male gender, rural or urban residence, status of shared living arrangements, 

sum score of limitations with ADL/iADL activities, functional mobility with TUG, self-rated 

health, balance confidence and history of falls) were used for bivariate and multivariate 

regression analysis. Scores of the ABC-6 scale had to be excluded from multivariate regression 

because they revealed a correlation of r=-.72 with TUG scores. To avoid multicollinearity, it 

was decided to include only the TUG score due to its importance as a physical measurement of 

functional mobility for assessing construct validity. All analyses were run using SPSS version 

25. Microsoft Excel 2016 was used to create the figure.

Results

Sample characteristics

For the total sample (N=83), mean age was 78.5 (SD=5.4) years and about half of the 

sample (n=41; 49.4%) were male. 47 participants (56.6%) lived together with others in a shared 

living arrangement. In the past four weeks, 39 participants (47.0%) drove a car by themselves, 

18 participants (21.7%) rode a bicycle and 34 participants (41.0%) used walking aids. On 

average, participants had a TUG of M=13.90 (SD=9.20) seconds. Score of limitations in 

ADL/iADL was moderate with M=7.8 (SD=6.2) and mean score of self-rated health was 

M=64.7 (SD=21.3). 
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When comparing urban with rural participants, those living in urban areas had 

significantly more ADL/iADL limitations, t(74.51)=-2.34; p=.022, and comorbidities, 

t(57.27)=-2.44; p=.018. Rural participants were significantly older, t(81)=2.43; p=.017, needed 

more time to complete the TUG, t(70.65)=3.33; p=.001, had less balance confidence, t(80.11)=-

2.84; p=.006, were more often assigned to a care level, t(69.62)=4.53; p<.001, and had lower 

self-rated health, t(81)=-2.45; p=.016. Concerning the utilization of means of transportation, 

the percentage of participants who drove a car or a bicycle for independent mobility within the 

last 4 weeks did not differ significantly across regions. Characteristics of participants in total 

and separately for each region are presented in table 1.
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Table 1: Participant Characteristics

total (N=83) urban (n=40) rural (n=43)

Variable
N % N % N %

Gender (male) 41 49.4 23 57.5 18 41.9

Status of shared living 
arrangements 

47 56.6 19 47.5 28 65.1

Drove a car in past 4 weeks 39 47.0 18 45.0 21 48.8

Rode a bicycle in past 4 
weeks

18 21.7 9 22.5 9 20.9

Used walking aid in past 4 
weeks

34 41.0 11 27.5 23 53.5

History of falls past 6 months 
(>1)

22 26.5 9 22.5 13 30.2

M SD M SD M SD

Age (years) 78.5 5.4 77.1 5.2 79.8 5.2

Height (cm) 168.7 (3) 10.5 170.8 11.2 166.5 (3) 9.3

Weight (kg) 79.0 (3) 18.8 79.7 19.8 78.3 (3) 17.8

Body Mass Index 27.6 (3) 5.4 27.1 5.8 28.1 (3) 5.1

Charlson Comorbidity Index 
(0-41)

3.2 3.6 4.2 4.5 2.3 2.3

Hand grip strength (kg) 25.8 (2) 11.6 27.7 (1) 11.8 24.0 (1) 11.4

Mini-Cog™-Score (0-5) 3.8 1.5 3.8 1.6 3.8 1.4

LSA-D composite score
(0-120)

60.8 24.3 58.0 21.7 63.3 26.5

ADL/iADL (number of 
limitations; 0-15)

7.8 6.2 9.4 6.7 6.2 5.4

TUG (s) 13.9 (5) 9.2 10.5 (3) 6.8 16.9 (2) 10.1

Self-rated health (0-100) 64.8 21.3 70.5 19.3 59.4 21.8

Balance confidence (0-100) 57.8 32.7 67.8 28.4 48.4 34.0

Note: Live-Space-Assessment-Deutsch (LSA-D); Activities of Daily Living (ADL); Instrumented Activities of Daily Living 
(iADL); 
Timed-Up &Go-Test (TUG); Numbers in brackets report number of missing values
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Descriptive statistics of the LSA-D

Life-space-level 5, as maximum life-space (LS-M), was reached by 60.2% of the total 

sample. 32.5% of all participants had an independent life-space level (LS-I) of 5 while the 

remaining needed either equipment or personal help. For the urban subsample, 40.0% of the 

participants reached life-space level 5 as LS-M and 27.5% of urban participants reached life-

space level 5 independently without any support (LS-I). In contrast, 79.1% of rural participants 

achieved LS-level 5 as LS-M and 37.2% did this independently without any support (LS-I). 

Figure 1 illustrates the different life-space measures among the total sample and urban/rural 

subsample. No significant differences between urban and rural participants were observed in 

LS-C: (t(81)=1.00; p=.323), LS-E: (t(81)=0.57; p=.571), and 

LS-D: (t(80.99)=-1.95; p=.054). Rural participants had a significantly higher LS-M:

(t(64.60)=3.83; p<.001), and LS-I: (t(77)=-2.00; p=.049).

Construct validity

For the total sample, associations from the bivariate regression analyses between the 

LSA-D composite score, demographic variables, functional mobility and other health measures 

were significant for age (β=-.24; 95%CI=-.44/-.07; p=.016), status of shared living 

arrangements (β=.22; 95%CI=.01/.43; p=.040) ADL/iADL (β=-.23; 95%CI=-.43/-.01; p=.034), 

TUG (β=-.47; 95%CI=-.66/-.34; p<.001), self-rated health (β=.40; 95%Cl=.19/.61; p<.001), 

history of falls (β=-.35; 95%CI=-.54/-.15; p<.001). Male gender (β=-.09; 95%CI=-.31/.13; 

p=.407) and urban residence (β=-.11; 95%CI=-.33/.10; p=.314) were not significant for the total 

sample. In the adjusted model, age, male gender, urban residence, status of shared living 

arrangements, number of limitations in ADL/iADL, TUG, self-rated health and history of falls 

were included into the equation in one step for the total sample. The result revealed significant 

associations for living status in shared living arrangements (β=.22; 95%CI=.01/.44; p=.045), 

limitations in ADL/iADL activities (β=-.26; 95%CI=-.42/-.08; p=.008), functional mobility 
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measured with the TUG (β=-.37; 95%CI=-.68/-.14; p=.008) and history of falls (β=-.22; 

95%CI=-.41/-.05; p=.018). No significant associations were found for male gender (β=.15; 

95%CI=-.04/.35; p=.135) and urban residence (β=-.19; 95%CI=-.42/.03; p=.090), which 

corresponds with the bivariate model. However, in contrast to bivariate models, influence of 

age (β=-.08; 95%CI=-.32/.12; p=.509) and self-rated health (β=.24; 95%CI=.02/.47, p=.058) 

were not significant in the multivariate model. Results of bivariate and adjusted multivariate 

regression models are shown in table 2.

Table 2: Unadjusted and adjusted associations of sociodemographic and health factors 

with the LSA-D composite score (N=83)

Bivariate unadjusted models Adjusted model

Variable Beta LL CI / UL CI p Beta LL CI / UL CI p

Age -.24 -.44/-.07 .016 -.08 -.32/.12 .509

Gender (male) -.09 -.31/.13 .407 .15 -.04/.35 .135

Living in shared living 

arrangements
.22 .01/.43 .040 .22 .01/.44 .045

Lives in urban area -.11 -.33/.10 .314 -.19 -.42/.03 .090

ADL/iADL-Score -.23 -.43/-.01 .034 -.26 -.42/-.08 .008

TUG -.47 -.66/-.34 < .001 -.37 -.68/-.14 .008

Self-rated health .40 .19/.61 < .001 .24 .02/.47 .058

Balance confidence .50 .33/.67 < .001 - - -

History of falls in past 6 

months
-.35 -.54/-.15

< .001
-.22 -.41/-.05 .018

Notes: Timed-Up&Go-Test (TUG); Activities of Daily Living (ADL); Instrumental Activities of Daily Living (iADL); p < 

.05 highlighted in bold
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Separate bivariate regression analyses for the urban and rural region demonstrated comparable 

results in the urban and rural subsample for TUG urban: (β=-.48; 95%CI=-1.14/-.32; p=.008) 

and rural: (β=-.60; 95%CI=-.95/-.40; p<.001), self-rated health urban: (β=.51; 95%CI=.29/.90; 

p=.001) and rural: (β=.43; 95%CI=.12/.77; p=.010), balance confidence urban: (β=.67; 

95%CI=.38/.93; p=<.001) and rural: (β=.54; 95%CI=.29/.81; p=.001) and history of falls urban: 

(β=-.31; 95%CI=-.59/-.03; p=.030) and rural: (β=-.41; 95%CI=-.67/-.11; p=.009). Age was 

significant for those living in the urban region (β=-.31; 95%CL=-.53/-.09; p=.011), but not for 

the rural sample (β=-.28; 95%CI=-.68/.03; p=.147). All other demographic variables and health 

measures showed no significant associations in both groups. Results are presented in table 3.

Post-hoc calculations of the adjusted model for each sample separately showed a significant 

regression coefficient in the urban sample for the score of ADL/iADL limitations (β=-.23; 

95%CI=-.41/-.10; p=.035) while coefficients for all other variables were not significant. For the 

rural population, results for status of shared living arrangements (β=.39; 95%CI=.02/.75; 

p=.039) and history of falls (β=-.42; 95%CI=-.80/-.08; p=.04) showed significance while other 

variables did not.
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Table 3: Unadjusted associations of sociodemographic and health factors with LSA-D composite score for participants in urban 

(n=40) and rural areas (n=43)

Urban Rural

Variable Beta LL CI / UL CI p Beta LL CI / UL CI P

Age -.31 -.53/-.09 .011 -.28  -.68/.03 .147

Gender (male) -.20 -.43/.06 .151 -.04 -.38/.29 .826

Living in shared living arrangements .18 -.11/.45 .231 .24 -.10/.54 .150

ADL/iADL-Score -.16 -.39/.11 .209 -.28 -.71/.11 .208

TUG -.48 -1.14/-.32 .008 -.60 -.95/-.40 < .001

Self-rated health .51 .29/.90 .001 .43 .12/.77 .010

Balance confidence .67 .38/.93 < .001 .54 .29/.81 .001

History of falls in past 6 month -.31 -.59/-.03 .030 -.41 -.67/-.11 .009

Notes: Timed-Up&Go-Test (TUG); Activities of Daily Living (ADL); Instrumental Activities of Daily Living (iADL); p < .05 highlighted in bold

Page 18 of 30

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

RUNNING HEAD: Life-Space Assessment, p. 18 of 28

Discussion

We translated and validated a German version of the LSA in urban and rural community-

dwelling older adults. In line with the original validation of the LSA[12], moderate associations 

of the LSA-D composite score with status of living in shared living arrangements, limitations 

in ADL/iADL as well as with physical performance assessed with the TUG and history of falls 

were found in the standardized adjusted model. The standardized adjusted association of 

limitations in ADL/iADL with the LSA-D composite score revealed in our study is in line with 

findings of Baker et al.[12] and Curcio[22], albeit lower than expected. We found stronger 

moderate adjusted associations for functional mobility measured with the TUG. These results 

correspond with findings by Ullrich et al. who reported a moderate Pearson correlation with the 

TUG when validating the modified LSA-CI to capture life-space of older adults with mild 

cognitive impairment during the past week.[46] Previous validation studies have tested their 

version of the LSA composite score against against the Short Physical Performance Battery as 

a physical assessment of functional mobility and found moderate to strong association.[12, 26] 

Furthermore, our results revealed a moderate significant association for self-rated health with 

the LSA-D composite score in bivariate regression, which is in accordance with the original 

LSA validation study.[12] However, this association did not remain significant in the adjusted 

model. Unfortunately, balance confidence as an additional subjective health measure that 

showed moderate significant bivariate associations could not be included in the adjusted model 

due to multicollinearity. 

Our adjusted model confirms the importance of social resources as they can be seen in 

living together with others in shared living arrangements and functional mobility represented 

by the significant negative associations with limitations in ADL/iADL activities, time to 

complete the TUG and a positive history of falls. The importance of social resources was 

strengthened in post-hoc analyses, where we calculated the adjusted model for each regional 
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subsample separately. Results showed that living in shared living arrangements and history of 

falls were significantly associated with life-space mobility in rural areas. This indicates that a 

nearby social network may play an even more important role in rural areas. In this regard, 

Kusipar et al.[5] also found evidence for the importance of social support on LS-mobility in the 

Canadian Longitudinal Study of Aging. Taken together, our findings demonstrate robust 

evidence for a good construct validity of the LSA-D.

To test our hypothesis that the LSA-D is applicable in both urban and rural living 

environments, we calculated separate bivariate regressions for each subsample. The 

associations were similarly strong for functional mobility, self-rated health, balance confidence 

and history of falls. Although a significant association with age was only found for the urban 

population and limitations in ADL/iADL were not significant in either subsample, our findings 

generally correspond across both subsamples. This supports our notion that the LSA-D can be 

used for measurement of life-space mobility during the past four weeks in community dwelling 

older adults living in both urban and rural areas. 

To further determine construct validity of the LSA-D, we investigated the different 

scoring methods in the total and both subsamples separately. The LS-M differed between urban 

and rural participants, with those from rural areas reporting higher LS-M than those living in 

urban surroundings. Older adults living in rural areas might be more dependent on leaving their 

village or town in order to gain access to health care services or to run routine errands due to 

the limited infrastructure often found in rural areas. Our results suggest that the LSA-D is a 

useful tool for capturing specific characteristics of urban and rural living environments. No 

group differences were found concerning the LSA-D composite score and the LS-D soring 

method. This demonstrates the ability of the LSA-D composite score and the dichotomized LS-

D score to remain stable and applicable outcome measures in urban and rural living 

environments.
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Strengths and limitations

A main strength of our study is that we tested psychometric properties of the LSA-D 

among urban and rural community-dwelling older adults. As mobility patterns may vary across 

living areas, assessments of mobility need to be valid for people living in small villages and 

large cities as well. Our findings revealed an urban-rural difference in maximal LS and thus 

demonstrate that the LSA-D can detect disparities in individual mobility patterns that are related 

to the surrounding living area. These differences must be considered when health care 

practitioners or researchers address specific questions about independence, social support and 

functional mobility in different regions. Maximal LS measured with the LS-M score is likely 

to vary between urban and rural areas and thus may reflect availability of different 

environmental resources and social support. Another strength is that we applied advanced 

statistical methods including non-parametric bootstrapping procedures and multivariate 

regression analysis to account for confounding variables and to estimate the independent 

association of each of the variables with LSA-D composite-score. However, there are some 

limitations that need to be considered. First, due to the beginning of the Covid-19 pandemic, 

we did not reach the planned sample size. However, post-hoc sensitivity analyses revealed a 

sufficient statistical power. Second, although statistical power was sufficient and the focus was 

on community-dwelling older adults, our sample size was rather small and non-representative. 

Future studies should replicate our findings in a representative sample, including subgroups of 

older adults with mild cognitive impairment, care dependency or living in nursing care 

arrangements.  Moreover, future studies should consider the overlap between LS scoring 

methods of the LSA-D, social constructs and objectively derived GPS data. This multimodal 

approach can lead to a better understanding of complex mobility patterns in older adults and 

associated factors.
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Conclusion 

In conclusion, the LSA-D has shown good construct validity and can be used in the 

general population of community-dwelling older adults in urban and rural living environments. 

The use of LSA-D is recommended for geriatric health care practitioners of different disciplines 

to assess mobility in the context of social participation and health service utilization.
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Distribution of different life-space levels of the LSA-D among the total sample, urban and rural subsample. 
LS-M = maximal life-space; LS-E = life-space with equipment: LS-I = independent life-space; LS-C 

composite life-space 

209x69mm (300 x 300 DPI) 
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German Life-Space-Assessment LSA-D 

 

DIE NÄCHSTEN FRAGEN BEZIEHEN SICH AUF IHRE 

AKTIVITÄTEN IN DEN LETZTEN VIER WOCHEN: 

 

A. WIE HÄUFIG WAREN SIE IN DEN LETZTEN 4 

WOCHEN IN (Name des Life-Space-Levels)? 

Häufigkeit 

WIE SIND SIE DORT HINGEKOMMEN? 

B. HABEN SIE HILFSMITTEL 

ODER ANDERE 

AUSRÜSTUNG DAFÜR 

VERWENDET? 

C. BENÖTIGTEN SIE DAFÜR 

DIE HILFE EINER ANDEREN 

PERSON? 

WAREN SIE IN DEN LETZTEN 4 WOCHEN… Ja Nein 

Weniger 

als 1 mal 

die Woche 

1-3 mal 

die Woche 

4-6 mal 

die Woche Täglich Ja Nein 

Unbekannt / 

keine 

Angabe Ja Nein 

Unbekannt / 

keine 

Angabe 

IN ANDEREN RÄUMEN IHRES ZUHAUSES 
außer dem Raum, in dem Sie schlafen? 

LIFE-SPACE 1 

LS1 LS1-Häufigkeit LS1-Hilfsmittel LS1-Persönliche Hilfe 

            

IN DER NÄHEREN UMGEBUNG AUSSERHALB 
IHRER WOHNUNG (Hausflur, Terrasse, 
Balkon, Fahrstuhl, Hof, Garage, hauseigener 
Garten, Auffahrt)? 

LIFE-SPACE 2 

LS2 LS2-Häufigkeit LS2-Hilfsmittel LS2-Persönliche Hilfe 

            

AN ORTEN IN IHRER NACHBARSCHAFT, aber 
außerhalb Ihrer Wohnung oder Ihrer 
näheren Wohnumgebung? 

LIFE-SPACE 3 

LS3 LS3-Häufigkeit LS3-Hilfsmittel LS3-Persönliche Hilfe 

            

AN ORTEN AUSSERHALB IHRER 
NACHBARSCHAFT, aber innerhalb der Stadt 
oder der Ortschaft, in der Sie leben? 

LIFE-SPACE 4 

LS4 LS4-Häufigkeit LS4-Hilfsmittel LS4-Persönliche Hilfe 

            

AN ORTEN AUSSERHALB DER STADT ODER 
DER ORTSCHAFT, IN DER SIE LEBEN? 

LIFE-SPACE 5 

LS5 LS5-Häufigkeit LS5-Hilfsmittel LS5-Persönliche Hilfe 

            
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1 Abstract

2 Objectives To develop a German version of the original University of Alabama at Birmingham 

3 (UAB) Study of Aging Life-Space Assessment (LSA-D) for measurement of community 

4 mobility in older adults within the past 4 weeks and to evaluate its construct validity for urban 

5 and rural populations of older adults.

6 Design Cross-sectional validation study.

7 Setting Two study centres in urban and rural German outpatient hospital settings.

8 Participants In total N=83 community-dwelling older adults were recruited (n=40 from urban 

9 and n=43 from rural areas; mean age was 78.5 (SD=5.4); 49% male).

10 Primary and secondary outcome measures The final version of the translated LSA-D was 

11 related with limitations in activities and instrumental activities of daily living (ADL/iADL) as 

12 primary outcome measure (primary hypothesis) and with sociodemographic factors, functional 

13 mobility, self-rated health, balance confidence and history of falls as secondary outcome 

14 measures to obtain construct validity. Further descriptive measurements of health included 

15 handgrip strength, screening of cognitive function, comorbidities and use of transportation. To 

16 assess construct validity, correlations between LSA-D and the primary and secondary outcome 

17 measures were examined for the total sample, and urban and rural subsamples using bivariate 

18 regression and multiple adjusted regression models. Descriptive analyses of 

19 LSA-D included different scoring methods for each region. All parameters were estimated 

20 using non-parametric bootstrapping procedure. 

21 Results In the multiple adjusted model for the total sample, number of ADL/iADL limitations 

22 (β=-.26; 95%CI=-.42/-.08), TUG (β=-.37; 95%CI=-.68/-.14), shared living arrangements 

23 (β=.22; 95%CI=.01/.44) and history of falls in the past 6 months (β=-.22; 95%CI=-.41/-.05) 

24 showed significant associations with the LSA-D composite score, while living in urban area 

25 (β=-.19; 95%CI=-.42/.03) and male gender (β=.15; 95%CI=-.04/.35) were not significant.
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1 Conclusion The LSA-D is a valid tool for measuring life-space mobility in German 

2 community-dwelling older adults within the past four weeks in ambulant urban and rural 

3 settings.

4

5 Trial registration number DRKS00019023

6 Keywords: Older adults; Mobility; Life-space; German; Validation; living environment; 

7 geriatrics, 

8

9 Strengths and limitations of this study

10  German validation of the original UAB Life-Space Assessment (LSA-D) for community 

11 dwelling older adults in urban and rural settings

12  Using bootstrapped bivariate and multiple adjusted regression models to attain construct 

13 validity of the LSA-D

14  Recruitment had to be stopped shortly before reaching the calculated sample size due to the 

15 decision to restrict in face-to-face research to contain the outbreak of the Covid-19 

16 pandemic in March 2020

17
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1 Introduction

2 Mobility, defined as “the ability to move oneself (either independently or by using assistive 

3 devices or transportation) within environments that expand from one’s home to the 

4 neighbourhood and regions beyond”[1] encompasses general independence, opportunities for 

5 social activities and freedom to experience new sites. This broad concept of mobility goes 

6 beyond the narrow conception of mobility as performance in a single functional test without 

7 considering environmental barriers and social resources although their impact on mobility has 

8 been investigated.[2, 3] Therefore, the focus on single functional mobility tests can lead to 

9 misconceptions about actual mobility performance in everyday life and health practitioners may 

10 oversee possible consequences for social participation and mental health.[4]

11 To overcome these shortcomings of functional mobility assessments, recent studies of mobility 

12 and aging operationalize mobility as circled areas, so-called life-spaces, that spread from the 

13 centre of one’s own house and garden to the neighbourhood, the city lived in and beyond, with 

14 each life-space offering different opportunities for social involvement, recreational activities or 

15 access to medical care.[5, 6] The application of self-reported life-spaces to determine mobility 

16 of older adults was first established by May et al. in 1985[7] and assessment of life-space 

17 mobility with standardized questionnaires was recently recommended for geriatric research.[8] 

18 Several instruments for measuring life-space mobility in specific populations and settings exist, 

19 including assessments of life-space within one’s own residence for home-bound individuals[9] 

20 or residents in nursing homes and other institutions.[10, 11] 

21 One of the most frequently applied instruments for measurement of mobility in older adults 

22 using the life-space concept is the validated Life-Space Assessment (LSA) by Baker et al.[12] 

23 as part of the University of Alabama at Birmingham (UAB). Study of Aging. The LSA provides 

24 health professionals in geriatric settings with information on availability of environmental and 
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1 social resources as an outcome of mobility assessment and gives them a more comprehensive 

2 picture of the patient’s needs. 

3 The importance of the LSA for clinical practice has been shown in various studies. Kennedy et 

4 al.[13] for instance found that a decline in life-space mobility over six months is associated with 

5 greater mortality in the following six months. Limitations in life-space mobility are associated 

6 with long-term mortality of older men[14], cognitive decline[15], fall risk [16], frailty[17] and 

7 hospital admission in older adults with heart failure.[18] Furthermore, the concept has already 

8 been established in outpatient physical therapy with various community-dwelling neurological 

9 orthopaedic and surgery patients.[19] Additionally, psychological health factors like external 

10 control beliefs [20] and personal activity goals [21] influence life-space mobility. Therefore, 

11 the LSA can also supplement evaluation concepts in psychological research and treatment of 

12 older adults. The construct validity of the LSA was commonly tested by relating the LSA to 

13 activities and instrumental activities of daily living (ADL/iADL) but also self-rated health and 

14 fears of falling.[22, 23, 24] Moreover, as pointed out by Baker et al.[12], there is a need to 

15 validate the LSA for urban and rural settings. Recently published studies also indicate 

16 environmental factors, such as distance to services or quality of streets and sidewalks, that differ 

17 between urban and rural settings might influence life-space mobility by reducing or maximising 

18 the opportunities to move independently outdoors and participate in social activities.[25] 

19 As part of validity testing, the LSA has been translated into multiple languages such as 

20 Chinese[26], French[24], Spanish[22], Swedish[27] or Danish[28]. To date, two modified 

21 German versions for assessment of life-space mobility in specific populations of older adults 

22 exist: the LSA-CI captures life-space mobility of the past week for those with mild cognitive 

23 impairment [23]. In comparison, the LSA-IS is used in institutionalized settings where life-

24 spaces are adapted to the living environment of care facilities and life-space mobility of the 

25 previous day is captured.[11, 29] However, a validated and intercultural adapted version of 

26 the original LSA that can be administered in the context of a more general geriatric setting in 
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1 the overall population of community-dwelling older adults is still missing. Therefore, we 

2 conducted a validation study of a German version of the original LSA (LSA-D) (see online 

3 supplement S1.) in urban and rural areas. 

4 Aims and hypotheses

5 Our aim was to translate, apply and validate the LSA-D, a German version of the LSA from the 

6 UAB Study of Aging for the population of urban and rural community-dwelling older adults. 

7 In line with the original validation of the LSA we expected a moderate association of the LSA-D 

8 composite score with limitations in ADL/iADL as primary hypothesis.[12] As secondary 

9 hypothesizes, we assumed moderate associations with sociodemographic measures[12, 22], 

10 functional mobility[23, 30] self-rated health[12, 22], balance confidence and history of falls[16, 

11 31]. In a further step we investigated the independent predictive validity of the proposed factors 

12 (limitations in ADL/iADL, sociodemographic measures, functional mobility, self-rated health, 

13 balance confidence and history of falls) assuming that the primary correlation of limitations in 

14 ADL/iADL is present even after adjustment for the other constructs. Finally, we expected the 

15 newly translated LSA-D to show patterns of similar strong associations in the urban and rural 

16 subsample.

17 Methods

18 Study design

19 A cross-sectional study design was used with two German hospital clinics as study 

20 centres. The first study centre was an ambulant geriatric rehabilitation facility of the Havelland 

21 clinics located in a small town (16,000 inhabitants) in Brandenburg, Germany. The second 

22 centre was based at the Charité – Universitätsmedizin Berlin within the Department of 

23 Anesthesiology and Operative Intensive Care. Approvement for the study was given by the 

24 local Ethics Committee of the Charité – Universitätsmedizin Berlin (EA2/124/19) and the study 

25 was prospectively registered at the German Clinical Trials Register (DRKS00019023).
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1 Sample size calculation was based on assumptions to find a moderate-to-strong association 

2 of beta/r=-.40[12] between the LSA-D-composite score and limitations in ADL/iADL 

3 (i.e., primary hypothesis), sociodemographic measures, functional mobility, self-rated health 

4 and balance confidence in all observed populations. For testing of the primary hypothesis,

5 92 participants or 46 subjects per setting (i.e., urban/rural) were required. This was based on 

6 the following assumptions: An effect size of Pearson's correlation coefficient or standardized 

7 beta coefficient of r/beta=-0.40 (ρ=-0.40 in the population) was assumed in reference to the 

8 association between the LSA composite score (LS-C) and limitations in ADL/iADL found in 

9 the original validation study of LSA.[12] The power calculation with GPower 3.1 for bivariate 

10 correlations (test family "exact")[32] resulted in an estimated minimum sample size of n=46 

11 participants per setting (urban/rural) and a critical r=-0.29 with a type I error rate of alpha=0.025 

12 (test one-sided; corrected for multiple testing [setting urban/rural; alpha=0.05/2]) and a 

13 statistical power of 1-β=0.80. Recruitment commenced in November 2019 and had to be 

14 stopped in March 2020 at a sample size of 82 due to restrictions of the then starting coronavirus 

15 pandemic. A post hoc sensitivity analysis suggests that we are still able to detect effects of

16 r=-.30 and larger.

17

18 Translation process

19 In accordance with the 2008 guidelines of the World Health Organization[33], forward 

20 translation into German language was separately conducted by two researchers who formulated 

21 two German versions that were discussed and then merged into one German pre-version of the 

22 LSA-D. The pre-version was given to two native English speakers for back translation. Again, 

23 both versions of the back translation were discussed by the two native speakers and a concerted 

24 version of the back-translation was produced. Differences between the original LSA and the 

25 concerted back-translation were discussed and reviewed with the original author of the LSA to 

26 redefine a pre-final version of the LSA-D that was pre-tested for understandability using 
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1 cognitive interview technique among 4 older adults of the Charité – Universitätsmedizin Berlin 

2 to create the final LSA-D version.[34]

3

4 Participants and recruitment

5 The 83 participants were divided into two groups mainly based on the size of their place 

6 of residence and taking Chistaller’s theory of “central places” into consideration that 

7 categorizes living areas based on provided services and infrastructure.[35] Participants from 

8 villages (up to 5,000 inhabitants) and small towns (up to 40,000 inhabitants) were classified as 

9 living in rural areas as some towns missed to provide services of upscale daily needs

10 (e.g. public swimming pools). In contrast, participants who lived in the city of Berlin 

11 (3.8 million inhabitants) with its metropolitan infrastructure and services were classified as 

12 urban population.

13 Inclusion criteria were defined as: age of 70 years and older; ability to read and 

14 understand the questionnaire and give written informed consent. Exclusion criteria were 

15 incidences that limited mobility within the past four weeks, known diagnosed severe cognitive 

16 limitations or mental conditions, need of acute care and insufficient understanding of the 

17 German language. In total, 126 persons were screened for eligibility of which 28 did not fulfil 

18 the inclusion criteria and 15 were unwilling to participate. In both study centres, participants 

19 were recruited during normal health care routine by trained study staff and medical 

20 professionals were consulted by any uncertainty regarding the participant´s eligibility. All 

21 participants received verbal and written information on the study and were given time to 

22 consider participation before giving written consent. 

23
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1 Measures

2 Selection of primary and secondary variables for determining construct validity was based on 

3 the original validation study of the UAB and other LSA validation studies from different 

4 countries. [12, 22, 23, 31] 

5 Primary outcome measures

6 Life-space mobility was evaluated with the translated German Version of the UAB Life-

7 Space Assessment. The LSA consists of a questionnaire on five different life-spaces capturing 

8 six possible levels of life-space (0. mobility within the bedroom; 1. rooms inside the home 

9 besides the bedroom; 2. area outside the house; 3. neighbourhood; 4. town or city lived in; 

10 5. outside of town or city lived in). For each level, participants were asked a) if they went to 

11 this level in the past four weeks, b) if so, how often, c) if they needed assistive devices or special 

12 equipment to reach that level and d) if they needed personal help to reach that level.[12] 

13 Different scoring methods can be used with the LSA either indicating the maximum attained 

14 life-space level (LS-M), life-space that can be reached independently without any further 

15 support (LS-I), reachable life-space with possible use of equipment but without personal help 

16 (LS-E), dichotomized life-space (LS-D) that classifies a person’s mobility into the ability to 

17 travel beyond the borders of their self-perceived neighbourhood and the composite score 

18 (LS-C) that summarizes the attained LS-level, needed equipment or personal support and 

19 frequency of visits. The LS-C score ranges from 0 to 120 points with higher scores indicating 

20 better mobility. As the LS-C score has shown a good sensitivity regarding change over time, it 

21 is frequently applied in longitudinal studies.[36, 37] In cross-sectional studies, LS-I and LS-D 

22 are additional scores for describing actual mobility and associations with other health 

23 factors.[12] 

24 Limitations in ADL/iADL were investigated using questions from the “Survey of Aging 

25 and Retirement in Europe” (SHARE).[38] Participants were asked whether they had difficulties 

26 due to physical, emotional or cognitive problems to perform 15 activities like dressing, 

Page 10 of 30

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

RUNNING HEAD: Life-Space Assessment, p. 10 of 28

1 gardening, using a map or making a telephone call. Binary response options for each activity 

2 were yes or no. Subsequently, a sum score of limitations in ADL/iADL activities was calculated 

3 ranging from 0 to 15. Higher scores indicate more functional impairments.

4 Secondary outcome measures 

5 Sociodemographic factors (i.e., age, gender, height, weight, status of shared living-

6 arrangements) use of public transportation and driving-status were assessed with a standardized 

7 questionnaire.

8 The “Timed-Up&-Go-Test” TUG is one of the most frequently used measures of 

9 balance and functional mobility in older adults and is a recommended tool for geriatric 

10 assessment.[39] During performance of the TUG, time (in seconds) is taken for rising up from 

11 a standardized chair, walking three metres, turning around, walking back and siting down again 

12 at a comfortable self-selected speed.[40] Higher TUG times are associated with impaired 

13 mobility.[41, 42] 

14 The EQ-VAS from the EQ-5D-5L version was used to record overall self-rated health 

15 of the day on a vertical visual analogue scale ranging from 0 points for the worst imaginable 

16 health to 100 points for the best conceivable health.[43] To measure balance confidence, we 

17 used the ABC-6-Scale that was translated into German and validated by Schott et al.[44] 

18 Participants were accounted to have a history of falls if they had fallen at least one time in the 

19 past six months using the criteria of the “Frailty and Injuries: Cooperative Studies of 

20 Intervention Techniques” to define a fall.[45]

21 Further descriptive measures of health

22 Hand grip strength was measured as maximum of three contractions with a hydraulic handheld 

23 dynamometer (Sahean SH5001; Changwon, South Korea) in the dominant hand and 

24 standardized sitting position.[46] We administered the Charlson comorbidity index (CCI) as a 

25 method to categorize comorbidities (0-41 points) where  scores of >5 indicate a higher mortality 

26 risk.[47] Cognitive status was assessed with the Mini-Cog screening tool where a score ranging 
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1 from 0-5 can be achieved and a score of 0-2 is seen as an indicator for further investigation of 

2 cognitive status.[48] 

3

4 Statistical analysis

5 Means (M) and standard deviations (SD) were reported descriptively for continuous 

6 demographic variables (i.e., age, height, weight) and health measures (i.e., limitations in 

7 ADL/iADL, time in seconds needed to complete TUG, self-rated health and balance 

8 confidence). Gender, status of shared living arrangements, use of different transportation modes 

9 and history of falls were reported for the total and each subsample as absolute frequencies and 

10 percentage of participants. Distribution of the data was skewed therefore we used the non-

11 parametric, bias corrected and accelerated (BCA) bootstrap method with 10,000 resamples and 

12 fixed random seeds that resamples the collected data with replacement to derive robust 

13 results.[49] With the BCA bootstrap method, coefficients and confidence intervals can be 

14 estimated with good statistical power even if sample sizes are small and distribution of data is 

15 unknown or not normal. For investigating differences between urban and rural participants, the 

16 Welch Test was performed as it has been recommended as a standard test for small samples.[50] 

17 To determine construct validity of the LSA-D, BCA bootstrap method and standardized 

18 z-scores (i.e., that can be interpreted like beta coefficients) of the included binary and 

19 continuous variables (i.e., age, male gender, rural or urban residence, status of shared living 

20 arrangements, sum score of limitations with ADL/iADL activities, functional mobility with 

21 TUG, self-rated health and history of falls) were used for bivariate and multivariate regression 

22 analysis. Balance confidence (scores of the ABC-6 scale) had to be excluded from multivariate 

23 regression because they revealed a correlation of r=-.72 with TUG scores. To avoid 

24 multicollinearity, it was decided to include only the TUG score due to its importance as a 

25 physical measurement of functional mobility for assessing construct validity. All analyses were 

26 run using SPSS version 25. Microsoft Excel 2016 was used to create the figure.

Page 12 of 30

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

RUNNING HEAD: Life-Space Assessment, p. 12 of 28

1 Results

2 Sample characteristics

3 For the total sample (N=83), mean age was 78.5 (SD=5.4) years and about half of the 

4 sample (n=41; 49.4%) were male. 47 participants (56.6%) lived together with others in a shared 

5 living arrangement. In the past four weeks, 39 participants (47.0%) drove a car by themselves, 

6 18 participants (21.7%) rode a bicycle and 34 participants (41.0%) used walking aids. On 

7 average, participants had a TUG of M=13.90 (SD=9.20) seconds. Score of limitations in 

8 ADL/iADL was moderate with M=7.8 (SD=6.2) and mean score of self-rated health was 

9 M=64.7 (SD=21.3). 

10 When comparing urban with rural participants, those living in urban areas had 

11 significantly more ADL/iADL limitations, t(74.51)=-2.34; p=.022, and comorbidities, 

12 t(57.27)=-2.44; p=.018. Rural participants were significantly older, t(81)=2.43; p=.017, needed 

13 more time to complete the TUG, t(70.65)=3.33; p=.001, had less balance confidence,

14 t(80.11)=-2.84; p=.006 and had lower self-rated health, t(81)=-2.45; p=.016. Concerning the 

15 utilization of means of transportation, the percentage of participants who drove a car or a bicycle 

16 for independent mobility within the last 4 weeks did not differ significantly across regions. 

17 Characteristics of participants in total and separately for each region are presented in table 1.

18
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Table 1: Participant Characteristics

total (N=83) urban (n=40) rural (n=43)

Variable
N % N % N %

Gender (male) 41 49.4 23 57.5 18 41.9

Status of shared living 
arrangements 

47 56.6 19 47.5 28 65.1

Drove a car in past 4 weeks 39 47.0 18 45.0 21 48.8

Rode a bicycle in past 4 
weeks

18 21.7 9 22.5 9 20.9

Used walking aid in past 4 
weeks

34 41.0 11 27.5 23 53.5

History of falls past 6 months 
(>1)

22 26.5 9 22.5 13 30.2

M SD M SD M SD

Age (years) 78.5 5.4 77.1 5.2 79.8* 5.2

Height (cm) 168.7 (3) 10.5 170.8 11.2 166.5 (3) 9.3

Weight (kg) 79.0 (3) 18.8 79.7 19.8 78.3 (3) 17.8

Body Mass Index 27.6 (3) 5.4 27.1 5.8 28.1 (3) 5.1

Charlson Comorbidity Index 
(0-41)

3.2 3.6 4.2* 4.5 2.3 2.3

Hand grip strength (kg) 25.8 (2) 11.6 27.7 (1) 11.8 24.0 (1) 11.4

Mini-Cog™-Score (0-5) 3.8 1.5 3.8 1.6 3.8 1.4

LSA-D composite score
(0-120)

60.8 24.3 58.0 21.7 63.3 26.5

ADL/iADL (number of 
limitations; 0-15)

7.8 6.2 9.4* 6.7 6.2 5.4

TUG (s) 13.9 (5) 9.2 10.5 (3) 6.8 16.9**(2) 10.1

Self-rated health (0-100) 64.8 21.3 70.5 19.3 59.4* 21.8

Balance confidence (0-100) 57.8 32.7 67.8 28.4 48.4* 34.0

Note: Live-Space-Assessment-Deutsch (LSA-D); Activities of Daily Living (ADL); Instrumented Activities of Daily Living 
(iADL); Timed-Up &Go-Test (TUG); Numbers in brackets report number of missing values; 
* significant difference between subsamples (p<.05)
** significant difference between subsamples (p<.001)

1
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1 Descriptive statistics of the LSA-D

2 Life-space-level 5, as maximum life-space (LS-M), was reached by 60.2% of the total 

3 sample. 32.5% of all participants had an independent life-space level (LS-I) of 5 while the 

4 remaining needed either equipment or personal help. For the urban subsample, 40.0% of the 

5 participants reached life-space level 5 as LS-M and 27.5% of urban participants reached life-

6 space level 5 independently without any support (LS-I). In contrast, 79.1% of rural participants 

7 achieved LS-level 5 as LS-M and 37.2% did this independently without any support (LS-I). 

8 Figure 1 illustrates the different life-space measures among the total sample and urban/rural 

9 subsample. No significant differences between urban and rural participants were observed in 

10 LS-C: (t(81)=1.00; p=.323), LS-E: (t(81)=0.57; p=.571), and 

11 LS-D: (t(80.99)=-1.95; p=.054). Rural participants had a significantly higher LS-M:

12 (t(64.60)=3.83; p<.001), and LS-I: (t(77)=-2.00; p=.049).

13

14 Construct validity

15 For the total sample, associations from the bivariate regression analyses between the 

16 LSA-D composite score, demographic variables, functional mobility and other health measures 

17 were significant for age (β=-.24; 95%CI=-.44/-.07; p=.016), status of shared living 

18 arrangements (β=.22; 95%CI=.01/.43; p=.040) ADL/iADL (β=-.23; 95%CI=-.43/-.01; p=.034), 

19 TUG (β=-.47; 95%CI=-.66/-.34; p<.001), self-rated health (β=.40; 95%Cl=.19/.61; p<.001), 

20 history of falls (β=-.35; 95%CI=-.54/-.15; p<.001). Male gender (β=-.09; 95%CI=-.31/.13; 

21 p=.407) and urban residence (β=-.11; 95%CI=-.33/.10; p=.314) were not significant for the total 

22 sample. In the adjusted model, age, male gender, urban residence, status of shared living 

23 arrangements, number of limitations in ADL/iADL, TUG, self-rated health and history of falls 

24 were included into the equation in one step for the total sample. The result revealed significant 

25 associations for living status in shared living arrangements (β=.22; 95%CI=.01/.44; p=.045), 

26 limitations in ADL/iADL activities (β=-.26; 95%CI=-.42/-.08; p=.008), functional mobility 
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1 measured with the TUG (β=-.37; 95%CI=-.68/-.14; p=.008) and history of falls (β=-.22; 

2 95%CI=-.41/-.05; p=.018). No significant associations were found for male gender (β=.15; 

3 95%CI=-.04/.35; p=.135) and urban residence (β=-.19; 95%CI=-.42/.03; p=.090), which 

4 corresponds with the bivariate model. However, in contrast to bivariate models, influence of 

5 age (β=-.08; 95%CI=-.32/.12; p=.509) and self-rated health (β=.24; 95%CI=.02/.47, p=.058) 

6 were not significant in the multivariate model. Results of bivariate and adjusted multivariate 

7 regression models are shown in table 2.

8

Table 2: Unadjusted and adjusted associations of sociodemographic and health factors 

with the LSA-D composite score (N=83)

Bivariate unadjusted models Adjusted model

Variable Beta LL CI / UL CI p Beta LL CI / UL CI p

Age -.24 -.44/-.07 .016 -.08 -.32/.12 .509

Gender (male) -.09 -.31/.13 .407 .15 -.04/.35 .135

Status of shared living 

arrangements
.22 .01/.43 .040 .22 .01/.44 .045

Lives in urban area -.11 -.33/.10 .314 -.19 -.42/.03 .090

ADL/iADL-Score -.23 -.43/-.01 .034 -.26 -.42/-.08 .008

TUG -.47 -.66/-.34 < .001 -.37 -.68/-.14 .008

Self-rated health .40 .19/.61 < .001 .24 .02/.47 .058

Balance confidence .50 .33/.67 < .001 - - -

History of falls in past 6 

months
-.35 -.54/-.15

< .001
-.22 -.41/-.05 .018

Notes: Timed-Up&Go-Test (TUG); Activities of Daily Living (ADL); Instrumental Activities of Daily Living (iADL);

 p < .05 highlighted in bold

9
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1 Separate bivariate regression analyses for the urban and rural region demonstrated comparable 

2 results in the urban and rural subsample for TUG urban: (β=-.48; 95%CI=-1.14/-.32; p=.008) 

3 and rural: (β=-.60; 95%CI=-.95/-.40; p<.001), self-rated health urban: (β=.51; 95%CI=.29/.90; 

4 p=.001) and rural: (β=.43; 95%CI=.12/.77; p=.010), balance confidence urban: (β=.67; 

5 95%CI=.38/.93; p=<.001) and rural: (β=.54; 95%CI=.29/.81; p=.001) and history of falls urban: 

6 (β=-.31; 95%CI=-.59/-.03; p=.030) and rural: (β=-.41; 95%CI=-.67/-.11; p=.009). Age was 

7 significant for those living in the urban region (β=-.31; 95%CL=-.53/-.09; p=.011), but not for 

8 the rural sample (β=-.28; 95%CI=-.68/.03; p=.147). All other demographic variables and health 

9 measures showed no significant associations in both groups. Results are presented in table 3.

10

11 Calculations of the adjusted model for each subsample separately showed a significant 

12 regression coefficient in the urban sample for the score of ADL/iADL limitations (β=-.23; 

13 95%CI=-.41/-.10; p=.035) while coefficients for all other variables were not significant. For the 

14 rural population, results for status of shared living arrangements (β=.39; 95%CI=.02/.75; 

15 p=.039) and history of falls (β=-.42; 95%CI=-.80/-.08; p=.04) showed significance while other 

16 variables did not.

17

Page 17 of 30

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

RUNNING HEAD: Life-Space Assessment, p. 17 of 28

Table 3: Unadjusted associations of sociodemographic and health factors with LSA-D composite score for participants in urban 

(n=40) and rural areas (n=43)

Urban Rural

Variable Beta LL CI / UL CI p Beta LL CI / UL CI P

Age -.31 -.53/-.09 .011 -.28  -.68/.03 .147

Gender (male) -.20 -.43/.06 .151 -.04 -.38/.29 .826

Status of shared living arrangements .18 -.11/.45 .231 .24 -.10/.54 .150

ADL/iADL-Score -.16 -.39/.11 .209 -.28 -.71/.11 .208

TUG -.48 -1.14/-.32 .008 -.60 -.95/-.40 < .001

Self-rated health .51 .29/.90 .001 .43 .12/.77 .010

Balance confidence .67 .38/.93 < .001 .54 .29/.81 .001

History of falls in past 6 month -.31 -.59/-.03 .030 -.41 -.67/-.11 .009

Notes: Timed-Up&Go-Test (TUG); Activities of Daily Living (ADL); Instrumental Activities of Daily Living (iADL); p < .05 highlighted in bold
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1 Discussion

2 We translated and validated a German version of the LSA in urban and rural community-

3 dwelling older adults. In line with the original validation of the LSA[12], moderate associations 

4 of the LSA-D composite score with limitations in ADL/iADL, living in shared living 

5 arrangements as well as with functional mobility assessed with the TUG and history of falls 

6 were found in the bivariate regression and standardized adjusted model. The standardized 

7 adjusted association of limitations in ADL/iADL with the LSA-D composite score revealed in 

8 our study is in line with findings of Baker et al.[12] and Curcio[22], albeit lower than expected. 

9 We found stronger moderate adjusted associations for functional mobility measured with the 

10 TUG. These results correspond with findings by Ullrich et al.[23] who reported a moderate 

11 Pearson correlation with the TUG when validating the modified LSA-CI to capture life-space 

12 of older adults with mild cognitive impairment during the past week.[23, 30] Previous 

13 validation studies have tested their version of the LSA composite score against against the Short 

14 Physical Performance Battery as a physical assessment of functional mobility and found 

15 moderate to strong association.[12, 27] Furthermore, our results revealed a moderate significant 

16 association for self-rated health with the LSA-D composite score in bivariate regression, which 

17 is in accordance with the original LSA validation study.[12] However, this association did not 

18 remain significant in the adjusted model. Unfortunately, balance confidence as an additional 

19 subjective health measure that showed moderate significant bivariate associations could not be 

20 included in the adjusted model due to multicollinearity. Our adjusted model confirms the 

21 importance of social resources as they can be seen in living together with others in shared living 

22 arrangements and functional mobility represented by the significant negative associations with 

23 limitations in ADL/iADL activities, time to complete the TUG and a positive history of falls.

24 To test our hypothesis that the LSA-D is applicable in both urban and rural living environments, 

25 we calculated separate bivariate regressions for each subsample. The associations were 
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1 similarly strong for functional mobility, self-rated health, balance confidence and history of 

2 falls. Although a significant association with age was only found for the urban population and 

3 limitations in ADL/iADL were not significant in either subsample, our findings generally 

4 correspond across both subsamples. This supports our notion that the LSA-D can be used for 

5 measurement of life-space mobility during the past four weeks in community dwelling older 

6 adults living in both urban and rural areas.

7 Contrary to our expectation results of the adjusted model calculated separately for each 

8 subsample revealed that limitations in ADL/iADL were only significantly associated with life-

9 space mobility in urban areas. In contrast, shared living arrangements and history of falls were 

10 the only significant adjusted factors in rural areas. One possible explanation could be that life–

11 space mobility achieved on one’s own ability’s is easier to maintain in urban areas with a more 

12 pronounced infrastructure. On the contrary a nearby social network may play a more important 

13 role for sustaining life–space mobility in rural areas where distances to services and social 

14 activities might be longer. This strengthened the importance of social resources on life-space 

15 mobility in rural areas. In this regard, Kusipar et al.[5] also found evidence for the importance 

16 of social support on life–space mobility in the Canadian Longitudinal Study of Aging. Due to 

17 the small sample size our results should be interpreted with caution and additional studies are 

18 needed to confirm he observed differences between urban and rural community-dwelling older 

19 adults found in our study. Thereby, future studies should continue to establish a theoretical and 

20 empirical basis for urban/rural life-space mobility.

21 To further determine construct validity of the LSA-D, we investigated the different 

22 scoring methods in the total and both subsamples separately. The LS-M differed between urban 

23 and rural participants, with those from rural areas reporting higher LS-M than those living in 

24 urban surroundings. Older adults living in rural areas might be more dependent on leaving their 

25 village or town in order to gain access to health care services or to run routine errands due to 
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1 the limited infrastructure often found in rural areas. Our results suggest that the LSA-D is a 

2 useful tool for capturing specific characteristics of urban and rural living environments. No 

3 group differences were found concerning the LSA-D composite score and the dichotomized 

4 LS-D soring method. This demonstrates the ability of the LSA-D composite score and the 

5 dichotomized LS-D score to remain stable and applicable outcome measures in urban and rural 

6 living environments. Taken together, our findings demonstrate robust evidence for a good 

7 construct validity of the LSA-D.

8

9 Strengths and limitations

10 A main strength of our study is that we tested construct validity of the LSA-D among 

11 urban and rural community-dwelling older adults. As mobility patterns may vary across living 

12 areas, assessments of mobility need to be valid for people living in small villages and large 

13 cities as well. Our findings revealed an urban-rural difference in maximal LS and thus 

14 demonstrate that the LSA-D can detect disparities in individual mobility patterns that are related 

15 to the surrounding living area. These differences must be considered when health care 

16 practitioners or researchers address specific questions about independence, social support and 

17 functional mobility in different regions. Maximal LS measured with the LS-M score is likely 

18 to vary between urban and rural areas and thus may reflect availability of different 

19 environmental resources and social support. Another strength is that we applied advanced 

20 statistical methods including non-parametric bootstrapping procedures and multivariate 

21 regression analysis to account for confounding variables and to estimate the independent 

22 association of each of the variables with LSA-D composite-score. However, there are some 

23 limitations that need to be considered. First, due to the beginning of the Covid-19 pandemic, 

24 we did not reach the planned sample size. However, post-hoc sensitivity analyses revealed a 

25 sufficient statistical power. Second, although statistical power was sufficient and the focus was 
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1 on community-dwelling older adults, our sample size was rather small and non-representative. 

2 Future studies should replicate our findings in a representative sample, including  different 

3 subgroups of older adults and evaluate additional psychometric properties of the LSA-D as test-

4 retest reliability and responsiveness. Moreover, future studies should consider the overlap 

5 between LS scoring methods of the LSA-D, social constructs and objectively derived GPS data. 

6 This multimodal approach can lead to a better understanding of complex mobility patterns in 

7 older adults and associated factors.

8

9 Conclusion 

10 In conclusion, the LSA-D has shown good construct validity and can be used in the 

11 general population of community-dwelling older adults in urban and rural living environments. 

12 The use of LSA-D is recommended for geriatric health care practitioners of different disciplines 

13 to assess mobility in the context of social participation and health service utilization.
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21 Figure 1: Distribution of different life-space levels of the LSA-D among the total sample, urban 
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23 independent life-space
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German Life-Space-Assessment LSA-D 

 

DIE NÄCHSTEN FRAGEN BEZIEHEN SICH AUF IHRE 

AKTIVITÄTEN IN DEN LETZTEN VIER WOCHEN: 

 

A. WIE HÄUFIG WAREN SIE IN DEN LETZTEN 4 

WOCHEN IN (Name des Life-Space-Levels)? 

Häufigkeit 

WIE SIND SIE DORT HINGEKOMMEN? 

B. HABEN SIE HILFSMITTEL 

ODER ANDERE 

AUSRÜSTUNG DAFÜR 

VERWENDET? 

C. BENÖTIGTEN SIE DAFÜR 

DIE HILFE EINER ANDEREN 

PERSON? 

WAREN SIE IN DEN LETZTEN 4 WOCHEN… Ja Nein 

Weniger 

als 1 mal 

die Woche 

1-3 mal 

die Woche 

4-6 mal 

die Woche Täglich Ja Nein 

Unbekannt / 

keine 

Angabe Ja Nein 

Unbekannt / 

keine 

Angabe 

IN ANDEREN RÄUMEN IHRES ZUHAUSES 
außer dem Raum, in dem Sie schlafen? 

LIFE-SPACE 1 

LS1 LS1-Häufigkeit LS1-Hilfsmittel LS1-Persönliche Hilfe 

            

IN DER NÄHEREN UMGEBUNG AUSSERHALB 
IHRER WOHNUNG (Hausflur, Terrasse, 
Balkon, Fahrstuhl, Hof, Garage, hauseigener 
Garten, Auffahrt)? 

LIFE-SPACE 2 

LS2 LS2-Häufigkeit LS2-Hilfsmittel LS2-Persönliche Hilfe 

            

AN ORTEN IN IHRER NACHBARSCHAFT, aber 
außerhalb Ihrer Wohnung oder Ihrer 
näheren Wohnumgebung? 

LIFE-SPACE 3 

LS3 LS3-Häufigkeit LS3-Hilfsmittel LS3-Persönliche Hilfe 

            

AN ORTEN AUSSERHALB IHRER 
NACHBARSCHAFT, aber innerhalb der Stadt 
oder der Ortschaft, in der Sie leben? 

LIFE-SPACE 4 

LS4 LS4-Häufigkeit LS4-Hilfsmittel LS4-Persönliche Hilfe 

            

AN ORTEN AUSSERHALB DER STADT ODER 
DER ORTSCHAFT, in der Sie leben? 

LIFE-SPACE 5 

LS5 LS5-Häufigkeit LS5-Hilfsmittel LS5-Persönliche Hilfe 

            
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