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Life space limitations in visually impaired older adults

Ava K. Bittner, OD, PhD, FAAO,1* Micaela Gobeille, OD, MS, FAAO,2 Alexis G. Malkin, OD, FAAO,2

Jeffrey Ho, OD, FAAO,2 Cecilia Idman-Rait, MPH,2 Max Estabrook, BS,1
Nicole C. Ross, OD, MSc, FAAO,2 and for the CARE Study Team
SIGNIFICANCE: Future work should develop and evaluate interventional
strategies to help overcome visual and health-related barriers to travel in vi-
sually impaired seniors and mitigate adverse impacts of loneliness for those
who do not leave town.
PURPOSE: Life space refers to the area in which a person travels within a
given time period.We explored whether demographics, vision, and/or health
characteristics were related to restrictions in self-reported life space for visu-
ally impaired seniors.
METHODS: Visually impaired (n = 114) clinical trial participants aged
≥55 years learned visual assistive iPhone apps and completed the following
baseline questionnaires: Life Space, 36-Item Short-Form Health Survey,
University of California, Los Angeles Loneliness Scale, and New-General
Self-efficacy Scale. Multiple logistic regressions evaluated associations be-
tween life space and patient factors after accounting for their distance to the
next county or state.
RESULTS: During 2021 to 2023, 17%, 43%, and 70% of participants had
not left their town, county, or state, respectively, in the past 3 months, or
planned to in the next 3 months. Those with reduced distance best-
corrected visual acuity had greater odds of not leaving the county in these
time frames (odds ratio [OR] = 3.5; p=0.04). Minority race was associated
with greater odds of not leaving town or the county in the past 2 weeks or
future 3 months (OR = 4.3 to 6.4; p=0.009 to 0.049). Increased self-
efficacy was associated with reduced odds of not leaving the state in the past
3 months, next 3 months, or past and/or future 3 months (OR = 0.54 to 0.55;
p=0.02 to 0.03). Better physical function was associated with reduced odds
of not leaving the state in the past 2 weeks or 3 months (OR = 0.96 to 0.98;
p=0.01 to 0.04). Increased loneliness was related to greater odds of not leav-
ing town in the past and/or future 3 months (OR = 1.8 to 2.0; p=0.007 to
0.009).
CONCLUSIONS: Minority race, reduced vision, self-efficacy, and physi-
cal health were related to life space restrictions in this cohort of visually im-
paired seniors, whereas loneliness was greater among those who were not
leaving town.

(Optom Vis Sci 2024;101:321–328)
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Angeles, Los Angeles, California 2New England College of Optometry,
Boston, Massachusetts *ABittner@mednet.ucla.edu

Submitted: January 2, 2024
Accepted: April 27, 2024
Funding/Support: National Institute on Disability, Independent Living, and

Rehabilitation Research (90DPGE0012-02-0; to NCR) and Research to
Prevent Blindness (unrestricted award to the University of California, Los
Angeles (UCLA), Department of Ophthalmology; to AKB).

Conflict of Interest Disclosure: There are no relevant financial conflicts of interest
for any author. The sponsor provided funding but was not involved in the
study design, conduct, analysis, or manuscript preparation. The authors had
access to and control of the data in this study. The authors were responsible
for preparation of this manuscript and the decision to submit this article for
publication. Each of the authors had full access to the study data and take
full responsibility for their presentation in this article.

Study Registration Information: The study protocol was registered on clinicaltrials.
gov (identifier NCT04926974)

Author Contributions and Acknowledgments: Conceptualization: AKB, AGM,
NCR; Data Curation: CI-R, ME; Formal Analysis: AKB, MG, CI-R, NCR;

Optometry and Vision Science • Volume 101, Number 6, June 20

Copyright © American Academy of Optometry. Unau
L ife space refers to the area in which a person travels in a given
time period,1 which can be evaluated by an established question-

naire.2 In geriatric populations, constricted life space is related to de-
velopment of frailty,3,4 fear of falling,5 depression,6–8 cognitive
decline,8,9 decreased physical activity,10 hearing loss,11 dual sensory
impairment of hearing and vision,12 and performance of activities of
daily living,8 as well as sociodemographic factors.13 In older adults
with visual impairment due to glaucoma or age-related macular de-
generation, reduced travel away from home has been previously
documented.14–16

One might expect that visually impaired seniors who do not
drivewould have reduced life space.When compared with normally
sighed seniors as controls, patients with age-related macular degen-
eration, glaucoma, or Fuchs corneal dystrophy had reduced life
space and were less likely to drive.17 However, this study did not re-
port if life space was different for drivers versus nondrivers among
patients with ocular disease. In another study, there was no differ-
ence in life space according to driving status for age-related
maculopathy patients who presented for vision rehabilitation ser-
vices.18 Additionally, reduced useful field of view can be associated
with restricted life space.2 However, other potential associations be-
tween restricted life space and characteristics of visually impaired
older adults have not been previously elucidated.

Isolation and loneliness are potential adverse consequences of
limited life space. Visually impaired individuals with greater loneli-
ness have reported lower levels of life satisfaction.19 During the
COVID-19 pandemic, there was a report of increased loneliness over
time among the visually impaired. This group also reported greater
loneliness than individuals without disabilities.20 In another study dur-
ing the COVID-19 pandemic, high levels of loneliness were experi-
enced by visually impaired adults who lived alone or were unable to
move independently.21 Even prior to the COVID-19 pandemic, loneli-
ness was commonly reported by the visually impaired and occurred
more frequently than in the general population,19 and it was associated
with reduced outdoor mobility and participation in activities.22
Funding Acquisition: AKB, AGM, NCR; Investigation: AKB, MG, AGM,
JH, CI-R, ME, NCR; Methodology: AKB, JH, CI-R, NCR; Project
Administration: AKB, AGM, JH, CI-R, ME, NCR; Resources: AKB,
NCR; Software: AKB, MG, NCR; Supervision: AKB, AGM, JH, CI-R,
ME, NCR; Validation: AKB, MG, NCR; Visualization: AKB, MG, AGM,
NCR; Writing – Original Draft: AKB, MG; Writing – Review & Editing:
AKB, MG, AGM, JH, CI-R, ME, NCR.

The study was funded by NIDILRR grant 90DPGE0012-02-01, NIH T35 Award
(5 T35 EY007149-24) to the New England College of Optometry, and an
unrestricted grant from Research to Prevent Blindness to the Department of
Ophthalmology at UCLA. The following students at the New England
College of Optometry were involved with the administration of the study
questionnaires at baseline: Chris Yeung, Priyanshi Patel, Erika Pacheco,
Phoebe Hu, Bridget Peterson, and Meghan Knizak. The following students
at UCLAwere involved with the administration of the study questionnaires
at baseline: Jewel Chu, Sarah Zoe Bui, Joyce Kuo, Pia Gentapanan,
Angelina Chen, Benjamin Zietz, and Cindy Pabla.

Copyright © 2024 American Academy of Optometry
ISSN: 1040-5488/24/10106–0321
DOI: 10.1097/OPX.0000000000002150

24 www.optvissci.com 321

thorized reproduction of this article is prohibited.

mailto:ABittner@mednet.ucla.edu
http://clinicaltrials.gov
http://clinicaltrials.gov
www.optvissci.com


Life space in seniors with low vision — Bittner et al. Optometry and Vision Science • Volume 101, Number 6, June 2024

D
ow

nloaded from
 by R

U
S

m
hif7Z

rg+
+

Z
V

5Y
W

q2elP
oT

JF
bC

q1O
S

bE
uC

F
A

JttdzppU
A

6u09N
fT

1D
X

m
O

r/M
R

jiG
qcU

g2oB
6V

Y
D

M
f

E
Z

A
B

8xH
A

sw
aK

Q
N

JY
N

j7rhrfU
1dE

Y
w

xN
jE

ip5nA
=

=
 on 07/11/2024
Therefore, we sought to determine whether loneliness was associated
with a certain degree of restricted spatial extent of mobility (i.e., life
space) or other factors in visually impaired older adults, in order to
help develop targeted interventions for at-risk individuals in the future.

We hypothesized that for cognitively intact, visually impaired
older adults, life space outside of the town, county, or statewould be
more restricted among those with increased nonvisual physical limita-
tions, greater distance visual acuity loss, and reduced self-efficacy, as
well as impacted by socioeconomic factors. Furthermore, we antici-
pated that reduced life space in visually impaired seniors would be as-
sociated with negative psychosocial factors, such as greater loneliness
and depressive symptoms. We explored these hypotheses among clin-
ical trial participants whowere motivated to learn new visual assistive
technology (i.e., iPhone mobile applications [apps]). The ability to
make excursions into farther areas outside of one's town over a recent
or upcoming period of timemay be an important aspect of well-being.
Identification of factors that are associated with limited life space in
seniors with vision loss could lead to targeted interventional pro-
grams to address specific barriers to travel in this population.
METHODS
The institutional review board at the University of California,

Los Angeles (UCLA) approved the conduct of the study protocol at
two sites: UCLA and the New England College of Optometry
(NECO). The study conduct followed the tenets of the Declaration
of Helsinki. All participants provided either written informed consent
in person or oral informed consent by phone, which was obtained by
the study coordinator at the enrollment site. The participants who
were enrolled at UCLAwere from the state of California (n = 46 of
114; 40%), whereas the participants who were enrolled at NECO
were from the New England region, which included Massachusetts,
Rhode Island, Connecticut, and New Hampshire (n = 68 of 114;
60%). The study protocol was registered on ClinicalTrials.gov (iden-
tifier NCT04926974) prior to the enrollment of the first participant.
Study enrollment occurred between June 2021 and March 2023.

A total of 114 participants completed baseline data for the
Life Space questionnaire and other questionnaires or surveys of po-
tentially relevant factors. As per the inclusion criteria for the clinical
trial on visual assistive apps in which they were participating, they
were visually impaired, English-speaking older adults aged 55+ years
with distance best-corrected visual acuity worse than 0.28 logMAR
due to any eye disease, and no greater than mild cognitive impairment
(scores 20+ on the modified Telephone Interview for Cognitive Im-
pairment [m-TICS]).23 All participants had an ocular or low vision ex-
amination within 12months of study enrollment, and the visual acuity
data were collected either during that visit or at an in-person study
visit. The vast majority had previously received vision rehabilitation
services (~98%). Participants' ocular diseases included age-related
macular degeneration (n = 38; 33.3%), glaucoma (n = 18; 15.8%), op-
tic neuropathies (n = 10; 8.8%), retinitis pigmentosa (n = 9; 7.9%),
myopic degeneration (n = 8; 7%), diabetic retinopathy or retinal vascu-
lar (n = 6; 5.3%), other retinal (n = 9; 7.9%), other maculopathies
(n = 5; 4.4%), and other ocular diseases (n = 12; 10.5%).

Participants primarily enrolled in the study to receive training
and evaluation with visual assistive iPhone apps, i.e., SuperVision+
magnifier,24 Seeing AI for optical character recognition, 25 and Aira
for remote human assistance,26 but completed the baseline question-
naires, including Life Space, prior to app training. Results for out-
comes with the visual assistive apps on loaner iPhones are reported
elsewhere (Malkin AG, et al. IOVS 2022;63:ARVO E-Abstract
4053; Malkin AG, et al. IOVS 2023;64:ARVO E-Abstract 2848).
Participants also used low vision device(s) or aid(s) (e.g., optical or
electronic magnifiers, or telescopes) that they were prescribed prior
to the study.
322 www.optvissci.com
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After enrollment, all study questionnaires and surveys were
administered to participants via phone by research assistants and in-
vestigators at NECO or UCLA. A demographics survey was used
to inquire about participants' age, gender, race, ethnicity, level of
educational attainment, whether they had hearing loss, were living
alone, or able to drive themselves to clinical visits for vision reha-
bilitation. Those questions were worded, “Do you have any loss of
hearing, and if so, what is the severity in the ear with better hearing
when using a hearing aid?” “With whom do you primarily live?”
and “What is your current primary source of transportation to your
low vision care provider?” At the same assessment, the following
previously validated questionnaires were administered: Life Space,2
3-item UCLA Loneliness Scale,27 New General Self-efficacy
Scale,28 36-Item Short-Form Health Survey (SF-36) general
health,29 m-TICS,21 and Beck Depression Inventory.30

The Life Space inventory was created to evaluate the spatial
extent of travel; it has been previously validated2 and applied in
low vision patient samples.2,18 It consists of nine interrelated items
asking participants whether they had left a specific geographic loca-
tion, ranging from the room where they sleep (item requiring the
least life space) to their region of the United States (item requiring
the most life space), during a given time period. In this study, pa-
tients provided a yes or no response to each question based on the
previous 2 weeks (consistent with previous literature), the previous
3 months, and the next 3 months (which corresponded to our clinical
trial assessments). The additional 3-month time points were included
to gain a better understanding of life space limitations in visually
impaired seniors over an extended period of time.

Distance best-corrected visual acuity for participants was ei-
ther measured at the study site after enrollment for 64% of partici-
pants or otherwise extracted from a retrospective records review
of clinical records if it was obtained within the past 3 months
(36% of participants). Distance best-corrected visual acuity was
measured following subjective refraction (either through the
phoropter or with trial framed lenses, or if the refraction was up to
date, with the patient's own habitual spectacles or contact lenses)
using either an electronic Snellen chart calibrated for 20 ft (25%
of participants) or Early Treatment of Diabetic Retinopathy Studies
(ETDRS) logMAR chart typically at 2 or 3 m (or 1 m for severe im-
pairment >1.3 logMAR) at both sites (75% of participants). When
the habitual or presenting visual acuity was improved with subjec-
tive refraction at the clinical exam within 3 months of study enroll-
ment, the new prescription was provided to the patient who obtained
new spectacles or contact lenses that were used during the study pe-
riod. Visual acuity was measured by one of three optometrists at
each of the two sites, based on the measurement in the eye with bet-
ter visual acuity, and scored by letter, with clinician-guided termina-
tion rules. Snellen visual acuity data were converted to logMAR
units using a published formula.31,32

Data analysis
Descriptive statistics were used to summarize the partici-

pants' baseline data and findings. Rasch analyses using the Method
of Successive Dichotomizations33 were used to estimate person
measures for the New General Self-efficacy Scale and Beck De-
pression Inventory using the R package “msd” (https://cran.
rstudio.com/web/packages/msd/msd.pdf). Eight participants (data
not reported) had ceiling effects for the Beck Depression Inventory
due to a lack of depressive symptoms, and it was not possible to
generate person estimates. The Life Space questionnaire was ana-
lyzed for whether each participant had left their town, county, or
state in the past 2 weeks or past 3 months or was planning to leave
in the next 3 months. Town refers to a city or urban area with a de-
fined name, boundary, and local government, which is larger than a
© 2024 American Academy of Optometry
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TABLE 1. Descriptive statistics for our participants'
demographics and questionnaire scores, with continuous
variables as mean (SD) and range, whereas the proportion of
participants is indicated for dichotomous variables

Variable Mean (SD), range

Age (y) 72.2 (9.8), 55–94
Distance best-corrected visual acuity (logMAR) 0.74 (0.40), 0–2
m-TICS raw score 37.2 (5.0), 23–50
BDI raw score 7.4 (5.2), 0–24
BDI person measure (logits) −2.41 (0.93), −4.8 to 0.42
SF-36 physical function subscale 69.7 (26.0), 5–100
UCLA Loneliness Scale raw score 4.66 (1.62), 3–9
Self-efficacy person-measure (logits) 0.81 (1.05), −2.14 to 3.17
Distance from home to next county (miles) 25.1 (27.8), 0.3–113
Distance from home town to closest
state line (miles)

98.2 (91.9), 1.7–302

Variable Proportion (%)

Minority race 29.8
Female gender 57.9
College graduate 64.9
Able to drive to vision rehabilitation exam 8.8
Live alone 37.7

BDI = Beck Depression Inventory; m-TICS = modified Telephone Interview for
Cognitive Impairment; SD = standard deviation; SF-36 = 36-Item Short-Form Health
Survey; UCLA = University of California, Los Angeles.
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neighborhood that is a geographically located community within a
town that does not have a separate political structure. A county is a
larger political and administrative division of a state that provides
FIGURE 1. (A) A bar graph for minority races versus non-Hispani
county or town in the past 2 weeks, as well as those who were no
box plot with the distribution of distance best-corrected visual acu
had gone outside their county in the past 3months and/or was pla
plots, the bottom and top of the box are the 25th and 75th perc
band near the middle of the box is the 50th percentile (i.e., the m
within 1.5 interquartile range of the nearer quartile. The dots rep

© 2024 American Academy of Optometry
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certain local governmental services and is composed of multiple
towns. Although the Life Space questionnaire inquires about travel
outside the bedroom, home, neighborhood, or US region, therewere
too few participants in our sample who had not left their neighbor-
hood (2%) or who had left their US region (3%) in the past 2 weeks;
therefore, we did not analyze those results.

Multiple logistic regression models evaluated whether there
were any significant factors related to life space limitations outside
of participants' towns, counties, or states. All models included all
potentially influential variables, which were participants' age, gen-
der, race, ethnicity, level of educational attainment, whether they
were living alone, able to drive themselves to clinical visits for vi-
sion rehabilitation, UCLA Loneliness Scale raw scores, New Gen-
eral Self-efficacy Scale person measures, SF-36 physical function
subscale raw scores, m-TICS raw scores, Beck Depression Inven-
tory person measures, and distance best-corrected visual acuity. In
the multiple logistic regression models, we dichotomized race/
ethnicity into two groups for minorities versus non-HispanicWhites
and dichotomized education level as college graduate versus non-
college graduate; both of these variables were included as potential
proxies for socioeconomic status in the United States.34,35 We
considered the various subscales for the SF-36 questionnaire as
possible variables to include in the models and chose to include
the physical function subscale because it helped explain the most
variance in the models. Given the differences in county and state
sizes, for each participant, we calculated the driving distance in
miles from their home to the closest county line, as well as from
their town to the closest state line, in order to account for the phys-
ical distance to travel to the next county or outside their state as a
potential barrier to consider in the multiple logistic regression
models. Given the exploratory nature of this study, we did not adjust
for multiple statistical comparisons, which could increase the poten-
tial for a type 1 error; thus, future studies are needed to confirm our
findings.36 Data were analyzed using R statistical software (v.4.3.0;
R Core Team 2022),37 msd package, for the Rasch analyses, and
c Whites with the proportion of participants who left their
t planning to leave their county in the next 3 months. (B) A
ity (logMAR; better eye) according to whether the participant
nning to leave their county in the next 3months. In the box
entiles (i.e., the upper and lower quartiles, respectively), the
edian), and the whiskers (lines) are drawn to span all data

resent outlier data from four participants.
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TABLE 2. Statistically significant results frommultiple logistic regression models for odds of leaving a region (i.e., town, county,
or state) over various time frames for significant factors (each p<.05), with 95% confidence intervals indicated in parentheses
(nonsignificant results are omitted)

Proportion
(%) Minority race

Distance
BCVA

Distance to next
county/state Loneliness TICS Self-efficacy

SF-36 Phys.
Fxn.

Not leaving town
Past 2 wk 28 OR = 4.61

(1.46–14.59);
p=0.009

Past 3 mo 12 OR = 2.006
(1.21–3.34);
p=0.007

OR = 0.84
(0.71–0.995);

p=0.043
Next 3 mo 12 OR = 5.69

(1.007–32.19);
p=0.049

Past and/or next 3 mo 17 OR = 1.82
(1.16–2.86);
p=0.009

OR = 0.83
(0.72–0.96);
p=0.012

Not leaving the county
Past 2 wk 57 OR = 6.36

(1.89–21.40);
p=0.003

OR = 1.02
(1.003–1.04);

p=0.021
Past 3 mo 38
Next 3 mo 30 OR = 4.41

(1.41–13.87);
p=0.011

OR = 0.57
(0.33–0.997);

p=0.049
Past and/or next 3 mo 43 OR = 3.45

(1.05–11.34);
p=0.042

Not leaving the state
Past 2 wk 83 OR = 1.01

(1.003–1.023);
p=0.009

OR = 0.96
(0.93–0.99);
p=0.012

Past 3 mo 67 OR = 1.01
(1.003–1.016);

p=0.003

OR = 0.55
(0.33–0.94);
p=0.028

OR = 0.98
(0.96–0.999);

p=0.038
Next 3 mo 48 OR = 0.55

(0.33–0.89);
p=0.016

Past and/or next 3 mo 70 OR = 1.008
(1.002–1.015);

p=0.014

OR = 0.54
(0.31–0.94);
p=0.028

The multiple logistic regression models were adjusted for all of the factors listed in the table, as well as nonsignificant factors (each p≥0.05 in all models) that included age,
gender, college graduate, patient drives to eye care provider, lives alone, and Beck Depression Inventory score. BCVA = best-corrected visual acuity; OR = odds ratio; Phys. Fxn. =
physical function subscale; SF-36 = 36-Item Short-Form Health Survey; TICS = Telephone Interview for Cognitive Status.
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Stata/IC version 15.1 (Stata Corp., College Station, TX) for the mul-
tiple logistic regression models.
RESULTS
Table 1 displays our participants' demographics and ques-

tionnaire scores as means, standard deviations, and range of values,
as well as the proportion of participants for dichotomous variables.

Not leaving town
Table 2 lists the proportion of participants who did not leave

their town during various time periods and the significant factors
that were associated with not leaving town after adjusting for all po-
tentially influential factors. Slightly more than a quarter (28%) of
participants had not left their town in the past 2 weeks. The odds
of not leaving town in the past 2 weeks (odds ratio [OR], 4.6;
324 www.optvissci.com
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p=0.009) (Fig. 1A) or next 3 months (OR = 5.7; p=0.049) were sig-
nificantly greater for participants who were of minority races/
ethnicities. Relatively small proportions of participants had not
gone out of town in the past 3 months (12%) or past and/or upcom-
ing 3 months (17%). Participants with greater m-TICS cognitive
scores had significantly reduced odds of not going outside their
town in the past 3 months (OR = 0.84; p=0.04) or the past and/or
future 3 months (OR = 0.83; p=0.01) (Fig. 2C), whereas greater
loneliness was associated with significantly greater odds of not go-
ing out of town in the past 3 months (OR = 2.0; p=0.007) (Fig. 2A)
or the past and/or future 3 months (OR = 1.8; p=0.009) (Fig. 2B).
Other factors (i.e., distance best-corrected visual acuity, age, gender,
education level as a college graduate, living alone, ability to drive to
clinical visits for vision rehabilitation, self-efficacy person-mea-
sures, SF-36 physical function, and Beck Depression Inventory
person-measure scores) were not significantly related to odds of
© 2024 American Academy of Optometry
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FIGURE 2. Bar graphs for the UCLA Loneliness Scale scores
according to life space for not leaving town in the past 3
months (A) or in the past and/or next 3 months (B).
Loneliness scale scores can range from a minimum of 3
(hardly ever experience loneliness) to a maximum of 9 (often
have loneliness). Panel C displays a box plot with the
distribution ofm-TICS cognition status scores according to life
space. m-TICS scores ranged from 20 (mild cognitive
impairment) up to a maximum of 50 (normal cognition).
m-TICS = modified Telephone Interview for Cognitive
Impairment; UCLA = University of California, Los Angeles.
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not going out of town in the fully adjusted model for each time pe-
riod. The odds of not leaving town in the next 3 months were not
significantly related to any of the factors we explored (all p>0.05).
© 2024 American Academy of Optometry
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Not leaving the county
Table 2 lists the proportion of participants who did not leave

their county during various time periods and the significant factors
that were associated with not leaving the county after adjusting for
all potentially influential factors. Slightly more than half (57%) of
participants had not left their county in the past 2 weeks. The odds
of not leaving the county in the past 2 weeks were significantly
greater for participants who were of minority races/ethnicities
(OR = 6.4; p=0.003) (Fig. 1A) or for those who had greater driving
distance in miles from their home to the closest county line (OR =
1.02; p=0.02). The odds of not leaving the county in the past 3
months were not significantly related to any of the factors we ex-
plored (all p>0.05). Nearly a third (30%) of participants were not
planning to leave their county in the next 3 months. The odds of
not leaving their county in the upcoming 3 months were signifi-
cantly greater for participants who were of minority races/
ethnicities (OR = 4.3; p=0.012) (Fig. 1A) and significantly reduced
for those with greater self-efficacy (OR = 0.57; p=0.049). There
were 43% of participants who reported they had not left their county
in the past 3 months and/or were not expecting to leave their county
in the next 3 months. Participants with reduced distance best-
corrected visual acuity had significantly greater odds of not leaving
their county in the past 3 months and/or anticipated for the next 3
months (OR = 3.45; p=0.04) (Fig. 1B). Other factors (i.e., age, gen-
der, education level as a college graduate, living alone, ability to
drive to clinical visits for vision rehabilitation, self-efficacy per-
son-measures, loneliness, m-TICS cognition, SF-36 physical func-
tion, and Beck Depression Inventory person-measure scores) were
not significantly related to odds of not going out of the county in
the fully adjusted model for each time period.

Not leaving the state
Table 2 lists the proportion of participants who did not leave

their state during various time periods and the significant factors
that were associated with not leaving the state after adjusting for
all potentially influential factors. The majority (83%) of participants
had not left their state in the past 2 weeks. The odds of not leaving
the state in the past 2 weeks were significantly reduced for partici-
pants with greater physical function scores on the SF-36 (OR =
0.96; p=0.012) or were significantly greater for those who had
greater driving distance in miles from their town to the closest state
border (OR = 1.01; p=0.009). Two-thirds (67%) of participants had
not left their state in the past 3 months. The odds of not leaving the
state in the past 3 months were significantly reduced for participants
with greater self-efficacy person-measures (OR = 0.55; p=0.028)
(Fig. 3A) or greater physical function scores on the SF-36 (OR =
0.98; p=0.038) (Fig. 3B), whereas the odds were significantly
greater for those who had greater driving distance in miles from
their town to the closest state border (OR = 1.01; p=0.003)
(Fig. 3B). Nearly half (48%) of participants were not planning to
leave their state in the next 3 months. The odds of not leaving the
state in the upcoming 3 months were significantly reduced for par-
ticipants with greater self-efficacy (OR = 0.55; p=0.016). Not leav-
ing the state in the past 3 months and/or not expecting to leave the
state in the next 3 months was reported by 70%. The odds of not
leaving the state in the past 3 months and/or not expecting to leave
the state in the next 3 months were significantly reduced for partic-
ipants with greater self-efficacy (OR = 0.54; p=0.028) or signifi-
cantly greater for those who had greater driving distance in miles
from their town to the closest state border (OR = 1.008; p=0.014).
Other factors (i.e., age, gender, minority race, education level as a
college graduate, living alone, ability to drive to clinical visits for vi-
sion rehabilitation, distance best-corrected visual acuity, loneliness,
m-TICS cognition, and Beck Depression Inventory person-measure
www.optvissci.com 325
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FIGURE 3. (A) A box plot with the distributions of self-efficacy person measures (logits; higher scores indicate greater self-
efficacy) according to whether the participant had gone outside their state in the past 3 months. (B) A box plot with the
distributions of SF-36 physical function subscale raw scores (range from 0 to 100; higher scores indicate better physical function)
and driving distance in miles from the participant's town to the closest state line, both according to whether the participant
had gone outside their state in the past 3 months. SF-36 = 36-Item Short-Form Health Survey.
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scores) were not significantly related to odds of not going out of the
state in the fully adjusted model for each time period.

Life space and nonsignificant factors
Age, gender, education level as a college graduate, living

alone, ability to drive to clinical visits for vision rehabilitation,
and Beck Depression Inventory scores were all nonsignificantly re-
lated to life space outside the participant's town, county, and state at
each time point evaluated (i.e., 2 weeks, 3 months, future 3 months,
3 months past, and/or present) (each p>0.05 in the fully adjusted
model). Nearly a quarter (23.9%) of participants indicated they
had some loss of hearing, but only 6.2% of all participants said their
hearing loss was moderate to severe, i.e., not mild or a little. Self-
reported hearing loss was not statistically significantly related to
any of the life space measures (all p>0.05) in our logistic regression
models and therefore was not included.

Loneliness
Without considering life space, increased loneliness scores

were significantly associated with higher Beck Depression Inven-
tory person measures indicating greater depressive symptoms (by
0.4 point on average for every 1-logit increase in depressive symp-
toms; 95% confidence interval [CI], 0.09 to 0.71; p=0.013) and
occurred in participants who lived alone (by 0.7 point on average
more than those who did not live alone; 95% CI, 0.10 to 1.29;
p=0.022), whereas increasing age was significantly associated
with reduced loneliness scores (by 0.31 point on average for every
10-year increase in age; 95% CI, −0.61 to −0.02; p=0.039). Interest-
ingly, the following other factors were not statistically significantly
related to loneliness, i.e., age, gender, minority race, education level
as a college graduate, ability to drive to clinical visits for vision reha-
bilitation, self-reported hearing loss, distance best-corrected visual
acuity, self-efficacy, m-TICS cognition, and SF-36 physical function.
DISCUSSION
This study evaluated several factors related to life space (i.e.,

the spatial extent of mobility) in older adults with vision loss. Vision,
326 www.optvissci.com
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cognitive status, self-efficacy, loneliness, physical function, and
race were key factors that influenced life space in visually impaired
seniors who enrolled in a clinical trial involving visual assistive app
training. Specifically, travel over the course of 3-month periods
tended to be influenced by the level of vision loss for excursions
outside one's county, reduced cognitive scores (within the range
of mild to no significant cognitive impairment) for not going out
of town, and reduced self-efficacy for not leaving the state, after ac-
counting for the distance to the closest state or county line. Minor-
ities tended to make less frequent trips out of their town or county
because they were less likely to travel in the past 2 weeks, but did
make these trips over 3-month periods. Loneliness was associated
with not leaving town, whereas reduced physical function was re-
lated to not leaving the state.

Leaving the state in the past 3 months was associated with
greater physical function and self-efficacy in our study cohort. This
poses the question of whether our participants had the perception
that farther and longer travel demands more physical ability and/
or poses a greater risk of falls or injury, which could be explored
in future work. Limitations of this study were that we did not in-
clude an objective measure of physical function or walking ability,
and did not assess fear of falling or history of injury; therefore, we
cannot correlate those potential concerns with the other factors we
assessed. Nonetheless, self-reported physical limitationswere a barrier
to past travel outside the state, which could be further explored in fu-
ture research. Additionally, our participants tended to have high levels
of self-efficacy, which is not surprising given previouswork suggest-
ing higher general self-efficacy in visually impaired individuals.38
Additionally, almost all had previously received vision rehabilitation
services and were motivated to learn new visual assistive mobile
apps through enrollment in the study. Future interventions to pro-
mote self-efficacy for individuals who were not traveling out of
their state could focus on engagement in activities or tasks to build
confidence while overcoming challenges and enhancing one's abil-
ity to succeed.

All of our study participants had mild to no cognitive impair-
ment. A systematic review found evidence to support that individuals
with mild cognitive impairment had deficits in performing
© 2024 American Academy of Optometry
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instrumental activities of daily living.39 Therefore, our finding of a re-
lationship between reduced cognition and lack of travel out of town is
not surprising given that travel excursions are demanding, as they re-
quire planning and coordination, along with the need for appropriate
recall and increased judgment making than usual activities within the
home or in local settings. Another consideration is that perhaps a re-
cent, slight cognitive decline could have reduced participants' confi-
dence for travel outside of their town, but we did not assess cogni-
tion longitudinally sowe are unable to concludewhether the slightly
reduced cognition was recent or long-standing.

Race may be related to socioeconomic status,34 which could
potentially impact the ability to travel. This would be consistent
with previous work identifying significant associations between so-
cioeconomic factors and life space.13 Future work will need to ex-
plore these hypotheses or elucidate the specific ties between minor-
ity race and less frequent travel. Educational attainment might also
serve as a proxy for socioeconomic status,35 but in our study, life
space was not related towhether participants had graduated college,
so perhaps other metrics for socioeconomic status could be ex-
plored in the future to determine if they are associated with life
space in visually impaired seniors.

Nonsignificant factors that were unrelated to life space in this
visually impaired cohort of older adults were age, gender, depres-
sive symptoms, and whether they were college graduates, lived
alone, or drove themselves to their eye care provider. Age was sig-
nificantly correlated with some of the factors that were related to
life space in this study, i.e., SF-36 physical function (R2 = 0.05;
p=0.017), TICS (R2 = 0.06; p=0.01), and loneliness (R2 = 0.035;
p=0.048), but these factors were more strongly associated with life
space than age. Depressive symptoms were minimal in our partici-
pants; thus, it is not surprising that depression was not a significant
factor due to the limited range of this variable. One might anticipate
that living alone might reduce life space if there is no travel com-
panion, whereas those who live alone might be more independent
and capable of travel. A limitation of this study was that we did
not fully inquire about participants' driving habits, such as the dis-
tance or frequency of driving, although previous work has failed
to detect a relationship between driving history and life space.18
In our sample, the proportion who drove to their eye care provider
was very low (8.8%), and therefore, we suspect that a very small
proportion of our cohort was driving themselves out of their town,
county, or state. We did not specifically inquire about whether the
participants had travel options for leaving the town, county, or state
either with a household member or via public transportation that
they were willing and able to utilize, as well as their distance to
the nearest major airport, which are potential factors that might in-
fluence life space.

This study was conducted while the COVID-19 pandemic
was ongoing but after vaccines were widely available; therefore, it
is possible that the extent of travel may have been impacted by
health-related concerns for catching COVID by some individuals;
however, the findings are recent and relevant to our current situa-
tion, which can be used to develop interventions that are applicable
at this time. A limitation of this study was the lack of an age-
matched, normally sighted control group; thus, it is not possible to
know which factors are specific to visual impairment. Reduced dis-
tance best-corrected visual acuity was related to not leaving the
county in the past or upcoming 3 months; therefore, the level of vi-
sual impairment was the key factor for this life space limitation,
whereas other factors were relevant to life space limitations outside
of one's town or state. Given the influence of the level of visual acuity
loss on travel outside of one's county, future consideration should be
given to vision-specific barriers to travel, which becomes particularly
important if travel is an ambition in individuals' retirement years.
© 2024 American Academy of Optometry
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Loneliness was greater among our participants who had not
left their town in the past 3 months, but did not emerge as a signif-
icant factor with greater extent of life space (e.g., at the county or
state level), suggesting that loneliness is associated with more ex-
treme life space restrictions. Although hearing loss in previous stud-
ies has been associated with reduced life space or loneliness,40 we
did not find this in our study, perhaps because greater than mild
hearing loss was infrequently reported by only 6% of our sample.
In our study cohort, loneliness was significantly positively corre-
lated with depressive symptoms, negatively correlated with age,
and greater among those who lived alone. Van der Aa et al.41 simi-
larly found a minimal correlation between age and depressive
symptoms when controlling for outliers in a meta-analysis of 22
studies on psychosocial interventions for the visually impaired. Fu-
ture research involving interventional programs to target loneliness
is needed to improve emotional well-being among older seniors41
who may be isolated, including those who do not leave their town.
Visually impaired seniors reported higher levels of social support
than older adults with other chronic diseases,42 whichmay be an im-
portant protective factor to consider to help reduce loneliness and
increase life space.43 It may also be valuable for future studies to de-
termine the temporal relationships between changes in these vari-
ables, in order to develop appropriately targeted interventions.

There were several important factors that were associated
with reduced life space among visually impaired seniors in this
study, for which we propose that future work with focus groups or
qualitative interviews would be valuable to gain a better understand-
ing of the nature of the impacts of these factors,44 specifically, how
mild cognitive loss might impact travel out of town, how the sever-
ity of visual impairment creates barriers for travel out of one's
county, and how decreased self-efficacy might reduce one's confi-
dence to travel the farthest outside of one's state. An improved con-
ceptual model for how these factors limit travel and life space could
enable development of targeted interventional approaches to ex-
pand life space for visually impaired older adults.
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