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41-60, 61-80, 81-120). The primary outcome was adjudicated CI defined as
mild cognitive impairment or dementia; scores on a 6-test cognitive battery
were secondary outcomes.

Results: Compared to women with life-space scores of 81-120 and after
adjustment for demographics and depressive symptoms, the odds of CI was
1.4-fold (OR 1.36, 95% CI 0.91-2.03) higher for women with life-space scores of
61-80, twofold (OR 1.98, 95% CI 1.33-2.94) higher for women with life-space
scores of 41-60, 2.6-fold (OR 2.62, 95% CI 1.71-4.01) higher for women with
life-space scores of 21-40, and 2.7-fold (OR 2.71, 95% CI 1.27-5.79) higher for
women with life-space scores of 0-20. The association of life-space scores with
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adjudicated CI was primarily due to higher odds of dementia; the odds of
dementia versus normal cognition was eightfold (OR 8.63, 95% CI 3.20-23.26)
higher among women with life-space scores of 0-20 compared to women with
life-space scores of 81-120. Lower life-space scores were associated in a graded
manner with lower mean scores on tests of delayed recall (California Verbal
Learning Test-II delayed recall) and language and executive function (phone-
mic fluency, category fluency, and Trails B). Life-space score was not associ-
ated with scores on tests of attention and working memory (forward and
backward digit span).

Conclusions: Lower life-space mobility is associated in a graded manner with

CI among community-dwelling White women in the 9th and 10th decades

of life.

KEYWORDS

INTRODUCTION

Changes in mobility and physical function are common
with aging.! Traditional assessments of mobility and
physical function focus on self-reported physical function
and physical performance, but these measures fail to cap-
ture the typical everyday movements of older adults. In
response, life-space mobility (LSM) measures were devel-
oped to assess the daily, enacted mobility of older adults.
Lower life-space scores are associated with poor out-
comes in older adults, including frailty,> nursing home
admission,* higher subsequent healthcare utilization,’
and mortality.>®’

Constricted LSM is associated with global cognitive
impairment (CI) and impairment in specific domains of
cognitive function including executive function, memory,
and processing speed.>® However, most previous studies
have focused on adults with normal cognition in the 8th
decade of life. Women aged 85 years and older are among
the fastest growing segments of the US population,'® and
are at high risk for incident and prevalent CI'' and
impairment in activities of daily living (ADLSs) and instru-
mental ADLs (such as handling money for shopping).'?
LSM is dependent on a complex set of determinants,
including cognitive, psychosocial, physical, environmen-
tal, and financial resources."” It is unknown whether
LSM is associated with cognition among late-life,
community-dwelling, US women with a wide range of
cognitive function. To determine the cross-sectional asso-
ciation of life-space score and cognition in a cohort of
predominantly community-dwelling women in the 9th
and 10th decades of life, we used data from the
2007-2008 examination of the Study of Osteoporotic

cognitive impairment, dementia, life-space mobility

Key points

« Among late-life community-dwelling White
women, lower life-space mobility scores were
associated in a graded manner with higher
odds of adjudicated cognitive impairment
(mild cognitive impairment or dementia).

« The association of life-space scores with adjudi-
cated CI was due predominantly to markedly
higher odds of dementia in women with con-
stricted life-space mobility.

Why does this paper matter?

Life-space scores may be an important risk
assessment tool among late-life women.

Fractures (SOF). We hypothesized that constricted LSM
among late-life women is associated with a higher likeli-
hood of CI (adjudicated mild cognitive impairment or
dementia).

METHODS
Study population

We studied participants enrolled in SOF, a prospective
observational cohort study of community-dwelling
women aged 65 years and older enrolled at four sites in
the United States. Protocol and consent forms were
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approved by the institutional review boards at all partici-
pating institutions. All participants provided written
informed consent. Further details of the SOF study
design and recruitment are described elsewhere.'*'?
From the original cohort of 10,336 women enrolled in
SOF, 2368 active surviving women provided at least mini-
mum information at the Year 20 (Y20) examination
between 2006 and 2008. Among these women, 1375
community-dwelling women with adjudicated cognitive
status and completed life-space score assessment at the
Y20 examination formed our analytic cohort (Figure S1).

Life-space mobility score

Trained clinic staff administered the University of Ala-
bama at Birmingham Life-Space Assessment tool'® via
interview at the Y20 examination. This assessment quan-
tifies movement in five life-space levels (Table S1, from
life-space level 1, movement in rooms in the home
besides the bedroom, to life-space level 5, movement in
places outside town/city of residence). For each of these
levels, movement is further quantified by frequency of
these movements and need for assistance with these
movements during the prior 4 weeks. The life-space score
is the sum of the score for each of the five levels. Individ-
ual level scores were obtained by multiplying the level
number (1-5) by a value for the frequency (1 = <1 time/
week, 2 =1-3 times/week, 3 =4-6 times/week,
4 = daily) and by a value for independence (2 = no assis-
tance, 1.5 = use of equipment only, 1 = assistance from
another person). The range of life-space scores is 0 (never
leaves one's bedroom) to 120 (daily unassisted movement
outside of one's town).

Outcome measures

At Y20, SOF participants completed a battery of neuro-
psychological tests which evaluated global cognition and
performance in specific cognitive domains. Overall cogni-
tive status was adjudicated by a panel of experts and our
primary outcome was adjudicated CI'” (presence of either
MCI or dementia; MCI by Petersen criteria'”'® [IADLs
generally intact] or dementia by DSM-IV criteria'®
[IADLs impaired]). We also considered MCI and demen-
tia as separate outcomes in secondary analyses (MCI
vs. normal with dementia set to missing and dementia
vs. normal with MCI set to missing). Additional second-
ary cognitive outcomes were scores on a 6-test cognitive
battery—the delayed recall California Verbal Learning
Test I (CVLT-II) (verbal memory),*° forward and back-
ward digit span (attention and working memory),*!

phonemic and category fluency (language and executive
function),** and the Trails B test (executive function).?
Consistent with previous SOF analyses,'” all Trails B
scores >420 s and scores for participants unable to com-
plete the test were set to 421 s.

Other measures

Demographics, living situation, and history of cardiovas-
cular disease (CVD) were obtained from standardized
questionnaires administered at the Y20 examination.
Depressive symptoms were evaluated using the Geriatric
Depression Scale (GDS, range 0-15).%*

Statistical analysis

Life-space score was analyzed as a categorial variable
based on the distribution of life-space scores in our ana-
lytic cohort (0-20, 21-40, 41-60, 61-80, 81-120 [referent
group]).””” Characteristics at Y20 were compared accord-
ing to the category of life-space score using chi-square
tests for categorical variables, ANOVA for continuous
variables with normal distributions, and nonparametric
Kruskal-Wallis tests for continuous variables with
skewed distributions. Logistic regression models were
used to estimate the association, using odds ratios, of life-
space score with adjudicated CI. Multiple linear regres-
sion was used to estimate the association of life-space
score with scores on specific cognitive tests (CVLT-II, for-
ward and backward digit span, phonemic and category
fluency, and Trails B). Trails B scores were log-
transformed for analysis due to right-skewed distribution
and back-transformed for ease of interpretation.

Initial models were adjusted for age, race, and study
enrollment site. Potential confounders were screened for
inclusion in multivariable models. Candidate confound-
ing variables were included in multivariable models if
they were associated with life-space score and were inde-
pendently related to CI after adjustment for age, race,
and study enrollment site. Gait speed may mediate the
association between cognition and life space* and was
therefore not considered for inclusion in the model. Only
years of education and GDS score met criteria for being
potential confounders and were included in the multivar-
iable model.

RESULTS

Our analytic cohort consisted of 1375 women with a
mean age of 88 years (standard deviation [SD] 3 years)
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TABLE 1 Participant characteristics.
Life-space score
All 0-20 21-40 41-60 61-80 81-120
(N=1375) (N=44) (N=328) (N=406) (N=371) (N=226) p-value
Age, mean (SD) 87.5(3.3) 88.7(3.5) 88.9(34) 87.7(3.3) 86.5(3.0) 86.5(27) <0.001
African American, n (%) 166 (12.1) 7 (15.9) 28 (8.5) 50(12.3)  55(14.8)  26(11.5) 0.1251
Education, years, mean (SD) 12.8 (2.6) 119(27)  126(25) 128(24) 129(27) 13.2(2.7) 0.0041
GDS score (0-15), mean (SD) 2.4 (2.4) 6.0 (2.8) 36(26) 25(21)  17(1.8) 12(17)  <0.001
Composite CVD variable®®, n (%) 459 (33.5) 17(39.5)  143(43.7) 144(356) 97(26.1) 58(25.7)  <0.001
Cognitive function
3MS (0-100), mean (SD) 88.0 (9.4) 80.0 (14.0) 84.9(10.5) 87.2(9.5) 90.4(6.8) 91.6(6.9) <0.001
CVLT-II delayed recall score®*, mean 5.2(2.7) 3.8 (3.0) 4.4 (2.7) 5.0 (2.7) 5.6 (2.4) 6.0 (2.5) <0.001
(SD)
Forward Digit Span score®?, mean (SD) 7.4 (2.2) 7.9 (2.7) 7.3(2.2) 7.3(2.2) 7.5(2.1) 7.4 (2.1) 0.18438
Backward Digit Span score®, mean (SD) 5.5 (2.0) 4.7 (2.1) 5.2 (2.0) 5.6 (2.1) 5.6 (2.0) 6.0 (2.0) <0.001
Phonemic fluency score®!, mean (SD) 10.6 (4.2) 7.7 (4.1) 9.6 (3.9) 10.6 (4.2) 11.0(4.0) 12.0(4.2) <0.001
Category fluency score®f, mean (SD) 10.6 (3.5) 8.4 (3.3) 9.6 (3.5) 10.2(3.7) 11.3(3.0) 11.8(3.3) <0.001
Trails B time to complete in seconds™®, 216 (122) 311 (128) 264 (126) 231 (125) 178 (99) 163 (96) <0.001
mean (SD)
Primary Cognitive Adjudication, n (%) <0.001
Normal 845 (61.5) 16 (36.4) 151 (46.0) 237(58.4) 263(70.9) 178 (78.8)
MCI 325 (23.6) 9 (20.5) 95(29.0)  98(24.1)  86(23.2)  37(16.4)
Dementia 205 (14.9) 19(432)  82(25.0) 71(17.5)  22(5.9) 11 (4.9)

Abbreviations: 3MS, Modified Mini-Metal State exam; CVD, cardiovascular disease; CVLT-II, California Verbal Learning Test Second Edition; GDS, Geriatric

Depression scale; SD, standard deviation.

“Due to missing data, denominators are as follows: 1371 for CVD; 1354 women for CVLT-II delayed recall; 1367 for forward digit span; 1356 for backward digit

span and category fluency; 1357 for phonemic fluency; and 1153 for Trails B.

"History of at least one of myocardial infarction, peripheral vascular disease, congestive heart failure, or stroke.

“Recall of nine words after a delay of 20 min. Score range 0-9, higher scores indicate better performance.

IRepetition of successively longer strings of numbers. Score range 0-14, higher scores indicate better performance.

°Repetition in backwards order of successively longer strings of numbers. Score range 0-14, higher scores indicate better performance.

‘Number of words that begin with the letter “F” (phonemic fluency) and number of vegetables (category fluency) listed in 1 min. Higher scores indicate better

performance.

8Time to connect a series of alternating numbers and letters in ascending order. Trails B time is truncated at 421 s. Shorter times indicate better performance.

(Table 1). One quarter (325, 24%) of women met criteria
for mild cognitive impairment (MCI); 205 (15%) met
criteria for dementia. Lower levels of life space were
associated with older age, fewer years of education, a
history of CVD, a greater likelihood of adjudicated MCI
and adjudicated dementia, and cognitive test scores
indicating greater impairment on all tests except for-
ward digit span.

After adjustment for age, race, and enrollment site,
odds of adjudicated CI (adjudicated MCI or dementia)
was higher in a graded fashion for each level of decreas-
ing life-space scores. Those with the lowest life-space
scores (0-20) had fivefold higher odds of adjudicated CI
compared to those with the highest life-space scores (81—
120; Figure 1 and Table S2; odds ratio [OR] 5.23, 95%
confidence interval [95% CI] 2.58-10.59).

The association of life-space score with adjudicated
CI was attenuated, but remained significant, following
additional adjustment for education and GDS score
(Figure 1 and Table S2). Compared to women with life-
space scores of 81-120, odds of CI was 1.4-fold (OR 1.36,
95% CI 0.91-2.03) higher for women with life-space
scores of 61-80, twofold (OR 1.98, 95% CI 1.33-2.94)
higher for women with life-space scores of 41-60, 2.6-fold
(OR 2.62, 95% CI 1.71-4.01) higher for women with life-
space scores of 21-40, and 2.7-fold (OR 2.71, 95% CI
1.27-5.79) higher for women with life-space scores of
0-20.

The association of life-space scores with adjudicated
CI was primarily due to a markedly higher odds of
dementia in women with lower life-space scores. LSM
was associated with MCI versus normal cognition in the
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FIGURE 1

Association of life-space score with adjudicated cognitive impairment. Referent group is life-space score 81-120. (A) Base

model adjusted for age, race, and study enrollment site; (B) Multivariable model further adjusted for education and Geriatric Depression
Scale score. "Participants with adjudicated dementia were excluded from this analysis (n = 1209). *Participants with MCI were excluded

from this analysis (n = 1106).

minimally-adjusted model (Table S2; OR 2.46 for life-
space scores 0-20 vs. 81-120, 95% CI 1.00-6.04 and OR
2.67 for life-space scores 21-40 vs. 81-120, 95% CI 1.70-
4.20). However, the association was largely attenuated in
the fully adjusted model. In contrast, the fully adjusted
odds of dementia versus normal cognition was over eight-
fold (OR 8.63, 95% CI 3.20-23.26) higher among women

with life-space scores of 0-20 compared to those with
life-space scores of 81-120.

In fully adjusted models, lower life-space scores were
associated in a graded manner with lower mean scores
on tests of delayed recall (CVLT-II) and language and
executive function (phonemic fluency, category fluency,
and Trails B; Table 2). For example, women with life-
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TABLE 2 Mean cognitive test score (95% CI) by category of life-space score?,’.
o q Executive
Executive function and functi d
Attention and working memory language ne lfm an
Verbal memory attention
CVLT-II delayed Forward digit = Backward digit Phonemic Category Trails B time,
Life-space recall mean Span mean span mean fluency mean  fluency mean sec® mean
mobility score (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
0-20 3.9 (3.1-4.8) 7.9 (7.2-8.6) 48 (4.1-5.4) 8.4 (7.1-9.7) 9.1 (8.0-10.2) 261 (221-308)
21-40 4.4 (4.0-4.7) 7.2 (6.9-7.5) 5.0 (4.8-5.3) 9.7 (9.2-10.3) 9.9 (9.4-10.4) 244 (228-262)
41-60 4.7 (4.4-5.0) 7.2 (7.0-7.5) 5.2 (5.0-5.5) 10.4 (10.0-10.9)  10.1 (9.7-10.5) 225 (211-239)
61-80 5.0 (4.7-5.4) 7.5 (7.2-7.7) 5.1 (4.9-5.4) 10.7 (10.2-11.2)  11.0 (10.5-11.4) 189 (177-202)
81-120 5.3 (4.9-5.7) 7.3 (6.9-7.6) 5.4(5.0-5.7) 11.5(10.8-12.1)  11.3(10.8-11.8) 179 (165-194)
Overall p-value <0.001 0.20 0.30 <0.001 <0.001 <0.001

for life-space
mobility score

Abbreviation: CVLT-II, California Verbal Learning Test Second Edition.

“Results include data from 1354 women for CVLT-II delayed recall; 1367 for forward digit span; 1356 for backward digit span and category fluency; 1357 for

phonemic fluency; and 1153 for Trails B.

PResults adjusted for age, race, study enrollment site, education, and Geriatric Depression Scale score.

Trails B time is truncated at 421 s.

space scores of 81-120 recalled a mean of 5.3 (95% CI
4.9-5.7) of nine words after a 10 min delay, compared to
a mean of 3.9 (95% CI 3.1-4.8) words among women with
life-space scores of 0-20. Associations between life-space
score and forward and backward digit span were not sta-
tistically significant.

DISCUSSION

In this cohort of late-life community-dwelling women,
lower life-space scores were associated in a graded man-
ner with higher odds of adjudicated CI and lower average
scores on tests of memory, verbal fluency, and executive
function. The association of life-space scores with adjudi-
cated CI was in large part due to a markedly higher odds
of dementia (CI with impairment in IADLs) in women
with lower life-space scores; we found only a limited
independent association between life-space score and
odds of MCI (CI without significant IADL impairment).
Our results are consistent with prior research report-
ing an association between restricted life-space and CI in
cohorts of older adults in their 60s and 70s and extends
these findings to include late-life community-dwelling
women. A 2019 systematic review found evidence of a
moderate relationship between CI and restricted LSM.®
Of the few studies that have compared LSM in older
adults with and without MCI, most found no evidence of
a cross-sectional association between low LSM and MCI®
which is consistent with our results. A cross-sectional
analysis of 2381 community-dwelling older adults with

and without MCI found an association between lower
LSM and non-amnestic and multidomain MCI,*® but only
unadjusted results were reported. We similarly found evi-
dence of an association between low LSM and MCI in
minimally adjusted models. Prior cross-sectional studies
have found differences in life-space scores between older
adults with and without Alzheimer's disease (mean life-
space score difference of 21),” and reported a greater
prevalence of dementia among men with low versus high
life-space scores.® Our results highlight the magnitude of
the cross-sectional association between low LSM and
dementia; among our cohort of older community-
dwelling women, those with life-space scores of 0-20
(limited movement outside of house) versus 81-120 (wide
movement within own community) had over eight times
greater odds of dementia. Our results are consistent with
prior studies reporting an association between low LSM
and reduced executive function.®*®

Low LSM and CI are thought to have a bidirectional
relationship®”**>° not explained by reverse causation.*
We found evidence of a graded association between lower
LSM and both greater odds of dementia and worse per-
formance on tests of delayed recall, language, and execu-
tive function. Cognitive function, performance-based
physical function (e.g., gait speed), and LSM are hypothe-
sized to be connected through complex biologic, behav-
ioral, and environmental pathways®’; we hypothesize
that pathways connecting cognitive function, IADL func-
tion, and LSM may be similarly complex. For example,
CI may lead to IADL impairment and constricted life
space, which in turn may result in reduced opportunities
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for cognitive stimulation to promote cognitive function.
These hypothesized complex associations, in addition to
the observed graded cross-sectional associations between
CI and LSM, highlight the potential clinical utility of life
space as a risk assessment tool among late-life women.
Future studies are warranted to test the utility of life-
space assessments in clinical settings; better elucidate the
hypothesized complex biologic, behavioral, and environ-
mental pathways that connect LSM and cognition; and to
determine whether interventions to increase life space
are also associated with improvements (or decreased
decline) in cognition and IADL function.

This study is limited by a cross-sectional design,
which limits causal and temporal inference, and utiliza-
tion of a cohort composed predominantly of White
women. This study also has strengths including consider-
ation of participants with a wide range of cognitive sta-
tus, adjudicated cognitive status, and a focus on
community-dwelling women in late life. In conclusion,
low LSM is associated with cognitive impairment, and
especially dementia, among community-dwelling White
women in the 9th and 10th decades of life.
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