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Abstract

Background: Unintentional falls among older adults are associated with an ensuing decline in physical activity. Our
objective is to evaluate the associations between fall status and changes in excursions after a fall.

Methods: Prospective cohort study of older adults with glaucoma or suspected glaucoma who reported falls for 1
year and wore a GPS device for 1-week at the baseline and 1 year later. GPS data were quantified into average: daily
excursions, daily time away from home, and time per excursion. Fall status was categorized as fallers, injurious fallers,
recurrent fallers, and recurrent injurious fallers. Multivariable negative binomial regression and generalized estimating
equations models were employed to evaluate relationship between excursion parameters and fall status.

Results: A total of 192 eligible participants were included in the analyses. Approximately half were males (50.5%)
with a mean age of 70.1years and one-fourth were Black (28.1%). There were no significant associations between

fall status and end-of-study excursion parameters (p > 0.06 for all), and visual field damage did not modify these
relationships (p >0.07 for all). For instance, patients with multiple falls during a one-year study period did not demon-
strate more daily excursions (incident rate ratio [IRR]1=1.16, 95% confidence interval [Cl]=0.85 to 1.57), longer time
per excursion (IRR=10.79, 95% Cl =0.59 to 1.06), or more average daily time away (IRR=1.05, 95% Cl=0.84 to 1.30)
conducted at the end-of-the study. Excursion parameters at the final assessment were not significantly different from
those at baseline (p >0.09 for all) and the changes did not vary by fall status (p > 0.23 for all).

Conclusions: Older adults with glaucoma did not modify their travel away from home after experiencing a fall.
Additional research is necessary to understand how often maintenance of travel outside the home after a fall reflects
proper compensation for greater fall risk or continued activity despite the risk of falling.
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Introduction

Unintentional falls occur in more than 1 out of 4 older
people annually and continue to be the leading cause
of fatal and nonfatal injuries in older adults [1, 2]. Fall
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accidents not only cause severe physical injuries [3, 4],
but may precipitate a physical, social, and functional
decline in up to a third of those affected increasing
caregiver burden and institutionalization rates [5-9].
The older population with visual impairment from
glaucoma is disproportionately affected by falls with
a significant increase in fall risk [10, 11]. Individu-
als with bilateral glaucoma have also been associated
with a higher likelihood of bumping into obstacles
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[12], reduced postural stability [13] and slower walking
speed [14]. These factors along with changes in gait,
balance, and hazard perception are hypothesized to
contribute to the higher fall risk [15].

Mobility, defined as the transitions between different
environments [16, 17], is recognized to be beneficial to
maintain physical health [18]. In the older adults, this
is often represented by the excursions away from home
performed as part of the daily activities of living (i.e.,
shopping) or recreational purposes (i.e., sports, enter-
tainment, social activities) [19]. It is possible that as an
additional consequence of falling, people start spend-
ing more time at home since this may be perceived as
a safer behavior. These behavioral changes in excur-
sions away from home could be substantial, especially
among the older adults with impairing conditions (i.e.,
visual impairments) who display a restricted pattern
of mobility and physical activity [20, 21]. As shown
in prior studies, persons with visual impairment con-
duct fewer daily excursions away from home and have
a smaller excursion size when compared to their nor-
mally sighted counterparts, in the presence of impaired
visual acuity [22, 23]. The possible downstream con-
sequences of a fall on mobility are supported by prior
evidence demonstrating that older adults with glau-
coma who sustained an injurious fall showed a greater
decline in the number of daily steps and active minutes
when compared with non-fallers [24]. While the roles
of falls on physical activity have been previously exam-
ined, changes in excursion patterns after a fall have not
been explored.

This study aims to better define the relationship
between falls and travel outside of home in a high-
risk population (i.e., older adults with glaucoma) by
answering several questions: After a year of prospec-
tive falls assessment, are those who have fallen, when
compared to non-fallers, more likely to: 1) have a
lower number of daily excursions? 2) spend less daily
time away from home? 3) have shorter excursions?
and, 4) have a relationship between falls and excursion
patterns modified by the severity of their glaucoma?
We also compared travel outside the home prior to
and after the falls assessment period to determine if
changes in excursion patterns differed in fallers as
compared to non-fallers. We hypothesized that at the
end of a one-year period of observation, participants
who experienced a fall would have a lower number of
excursions and shorter trips than non-fallers, likely
restricting their mobility scope, and that fallers would
constrict their travel outside the home over the study
period.
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Methods

Study design and study population

Our study was a prospective cohort (Falls in Glau-
coma Study - FIGS) of individuals with glaucoma or
suspected glaucoma recruited from the Johns Hop-
kins Wilmer Eye Institute between 2013 and 2015 who
underwent visual and physical/travel assessments at
baseline and again after 1 year, at the completion of the
study period. Over this period participants prospec-
tively reported falls. Eligible participants were 60 years
of age or older within the study period, diagnosed with
primary open-angle, primary angle closure, pseudo-
exfoliation, pigmentary or glaucoma suspect, capable
of performing visual field testing, and resided within
60 miles radius from the Wilmer Eye Institute [25].
Exclusion criteria included: 1) vision impairment in
either eye due to concomitant eye disease, 2) confine-
ment to a bed or wheelchair, 3) any ophthalmic surgery
within the last 2 months, 4) any hospitalizations in the
past month 5) history of stroke or other neurological
disorders causing visual field damage [26]. The study
protocol was approved by Johns Hopkins Institutional
Review Board, written informed consent was obtained
from all patients, and all methods were conducted in
accordance with the principles of the Declaration of
Helsinki.

Characterization and parameters of excursions
Participants were instructed to always wear a waist-
worn GPS system tracker (QStarz, Inc., Taipei, Tai-
wan) except during bathing, swimming, and sleeping
for 7 consecutive days as part of the baseline and one-
year assessments. At least two calls were conducted to
each participant during the one-week trials to improve
compliance with wearing the device. The GPS devices
pinpoint participants’ locations using the latitude and
longitude coordinates on a minute-by-minute level. For
each participant, the home margins were delineated as
the 50-m radius from the location recorded between
2AM and 4 AM as described in prior publications [26,
27]. Valid days of GPS data were defined as having at
least 80% of location data recorded between 6 AM and
10PM. A minimum of 2 valid days was required for the
inclusion of a participant in the analysis. Valid excur-
sions away from home were defined as transitions in
location from home to away-from-home. Away from
home excursions over the study week were summa-
rized into three parameters: 1) average number of daily
excursions, 2) average daily time away-from-home, and
3) average time per excursion, in accordance with pre-
vious publications [22, 23, 28].
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Collection of falls data and fall status classification

At baseline, participants were told that a fall is defined
as unintentionally coming to rest on the ground or a
lower level and provided with a visual description of
falls via an instructional video [29]. Subsequently, par-
ticipants received a set of monthly calendars and were
instructed to record daily if they had any falls or not.
Calendars were returned to study personnel via mail or
email monthly. Those who did not return their calen-
dars on time were called weekly to remind them to send
their fall calendar information. Falls calendar data were
collectible for up to 3 months at which point they were
recorded as missing [27]. Each fall was further evalu-
ated during a phone interview using a falls follow up
questionnaire, where participants, among other things,
reported whether they sustained any injury during a
fall [25]. Fall status for the analyses was determined by
classifying participants who fell at least once during the
follow-up year as fallers, and more than once as recur-
rent fallers. Similarly, participants who sustained an
injury during at least one fall were categorized as inju-
rious fallers, and those with injuries during more than
one fall as recurrent injurious fallers.

Examination of visual function

Comprehensive visual examinations were conducted on
all participants including visual acuity, contrast sensitiv-
ity, and visual field testing using the back-lit Early Treat-
ment Diabetic Retinopathy Study (ETDRS) chart, Mars
Letter Contrast Sensitivity and Humphrey Field Ana-
lyzer II using the SITA standard algorithm (Carl Zeiss
Meditec, Carls-bad, California, USA), respectively. Par-
ticipants wore their habitual glasses for distance and
were instructed to read the characters in the back-lit
ETDRS chart at a distance of 4-m. The number of letters
read was transformed into logMAR values for analysis
of their presenting visual acuity. Contrast sensitivity was
assessed bilaterally using the Mars Letter Contrast Sen-
sitivity (Mars Perceptrix Corporation, Chappaqua, NY,
USA) and recorded in log units (logCS) [27]. Individual
visual fields were reviewed by a glaucoma specialist
(PR) to ensure their optimal validity and reliability with
prior field patterns, if available. The pointwise sensitives
from each eye were integrated by matching the spatially
corresponding points and selecting the maximum sen-
sitivity for each pair, which were eventually converted
into the raw sensitivity values. The overall average of
the raw sensitivities values was transformed back into
dB to determine the mean sensitivity for the integrated
visual field [26]. The Hodapp-Parrish-Anderson Crite-
ria threshold values were converted to integrated visual
field sensitivities and utilized to indicate none to mild
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glaucomatous damage if >28dB, moderate glaucoma-
tous damage if >23dB and <28dB, and severe glauco-
matous damage if <23dB.

Evaluation of covariates

Demographic information such as age, sex, race, eth-
nicity, living/employment status, and educational
attainment were obtained through standardized ques-
tionnaires. Physical capacity was gauged via body mass
index, maximum grip strength, and maximum leg
strength. Maximum grip strength was measured in the
dominant hand using a Jamar Hand Dynamometer (Sam-
mos Presto, Bolingbrook, IL, USA) three times, and the
greatest value was recorded. Lower strength was meas-
ured twice in each leg at the distal femur using a micro-
FET2 Dynamometer (Hoggan Scientific LLC, West
Jordan, UT, USA) during a 5-s hip flexion. The maxi-
mal value from the four recordings was selected. Fif-
teen health comorbidities were collected, (i.e., arthritis,
broken or fractured hip, back problems, history of heart
attack, history of angina/chest pain, congestive heart
failure, peripheral vascular disease, high blood pressure,
diabetes, emphysema, asthma, stroke, Parkinson disease,
cancer other than the skin cancer, and history of vertigo
or Meniere disease). Medications were verified directly
from the bottles when possible or recorded from the par-
ticipants’ self-report. Participants with an intake of five
or more prescribed medicines, excluding eye drops, were
recategorized as having polypharmacy [15].

Statistical analysis

Both baseline and final (at the end of the one-year
period) excursion parameters were analyzed as continu-
ous variables. Fall status was treated as binary variables
that distinguished fallers from non-fallers, injurious fall-
ers from those without an injurious fall, recurrent fallers
from those with 1 or no falls, and recurrent injurious fall-
ers from all subjects who did not experience >1 injuri-
ous fall. We utilized multiple independent univariate
and multivariable negative binomial regression models
to evaluate the associations between each fall status and
each excursion pattern at the end of the one-year period.
Fall status (e.g., faller, recurrent faller, injurious faller, and
injurious recurrent faller) served as the main exposure
and excursions characteristic (e.g., average number of
daily excursions, average time per excursion, and average
daily time away) from the final assessment served as the
main outcomes. Each multivariable model was adjusted
for sex, age, race, comorbidities, and polypharmacy [27].
Excursion outcomes were also evaluated in additional
models incorporating an interaction term with severity of
visual field damage to assess whether the impact of fall
status on excursion patterns varied across the spectrum



Garzon et al. BMC Geriatrics (2022) 22:101

of glaucoma severity. As participants contributed data
across multiple study years, we employed generalized
estimating equations (GEE) models to examine the cor-
relations between fall status and excursions over each
one-year study period for each participant while account-
ing for both the variability within each participant and
between participants. Multivariable GEE models utilized
excursions data from the baseline and one-year assess-
ments as the main outcome, and were adjusted for sex,
age, race, comorbidities, and polypharmacy which were
determined at baseline. Additional GEE models incor-
porating an interaction term between visit number (i.e.,
baseline=1, one-year assessment=2) and fall status
were executed to determine if any of the changes from
baseline to the end of the study period in the three excur-
sion parameters differed by fall status. All analyses were
conducted using Stata 15.1 (StataCorp LLC, College Sta-
tion, TX, USA).

Results

Demographics and visual parameters

One-hundred and ninety-two eligible participants on
average had 5.7 & 1.5 valid GPS study days for both the
baseline and end-of-study assessments. There was an
even sex distribution (male, #» =97, 50.5%) and a mean
age of 70.1 *+ 7.0years (range=57-89years). White
(63.0%) and Black (28.1%) races were predominant, and
approximately 4.2% of the population was Hispanic. Most
participants had a near-normal presenting visual acuity in
the better eye and only 7.3% of the cohort had a logMAR
> 0.3, equivalent to > 20/40. Median integrated visual
field sensitivity was 28.1 (interquartile range (IQR) =26.1,
29.7; normal value is > 31dB). Approximately 38.5 and
10.4% of the cohort were classified as having moderate
and severe glaucomatous damage, respectively. Generally,
the faller and non-faller groups were relatively similar
apart from lower maximum grip strength for the domi-
nant hand in the faller group (p =0.03) (Table 1).

Falls reports and characterization of the excursions

During the one-year-follow-up period, a total of 185
falls were reported with 55.2% of them being injuri-
ous. Almost half of the cohort sustained at least one fall
(n =87, 45.3%) and close to one out of five participants
was a recurrent faller (n =38, 19.7%). Roughly one-
quarter of all participants had at least one injurious fall
(n =48, 25%), and thirteen participants reported multiple
injurious falls (6.8%). At the end-of-the study assessment,
participants conducted a median average number of daily
excursions of 2.3 (IQR=1.5, 4.2), spent a median of 1.5h
away from home during each excursion, and were away a
median of 4.0 h from home daily (Table 1).

Page 4 of 8

Relationship between fall status and end-of-study period
excursion parameters

Individuals who fell during the first study year, regard-
less of the frequency of falls or injury occurrence, were
not found to be significantly different with regards to any
travel patterns away from home at the end of the study
period. All excursion characteristics, including aver-
age number of daily excursions, average time per excur-
sion, and average daily time away from home, were not
influenced by any fall status variable in univariate or
multivariate models (Table 2) (p >0.06 for all) except
for recurrent fallers who had a lower average time per
excursion, though only in univariate models (p =0.05).
The relationships between the remaining excursion pat-
terns and fall status did not differ by visual field severity
(p >0.07 for all).

Change in excursion patterns from baseline to final
assessments

There was no change in the average number of daily
excursions, average time per excursion, and average daily
time away at the end of the study compared to baseline
assessment using the GEE univariable and multivari-
able models to account for clustering by the individual
(p-value >0.06 for all). The differences in excursion meas-
ures from the baseline to the end of the study period did
not differ by fall status (p-value >0.08 for all).

Discussion

In this longitudinal study of adults aged 60years and
older diagnosed with glaucoma or suspect glaucoma, we
found no significant association between any fall variable
and excursion patterns at the end of the study period,
regardless of the frequency of falls or injury occurrence
in the prior year. Also, visual field damage severity did
not modify the relationship between the fall status and
excursion parameters. GEE analyses demonstrated that
excursion patterns at the follow-up assessment did not
change from baseline assessments, and these results did
not differ by fall status. Thus, visually impaired adults
who are prone to falls appear to continue their habitual
excursions and may be exposing themselves to more falls
when traveling in an external environment.

It is surprising that an experience of a fall was not asso-
ciated with changes in the excursion patterns given that
prior literature suggests a downstream effect of falls on
functional ability, mobility, and independence [30-32]. In
this same cohort, a longitudinal and objective examina-
tion of physical activity after an injurious fall revealed a
reduction in the number of daily steps, active minutes,
and moderate and vigorous minutes [24]. Another large
cross-sectional study of men using self-reported data
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Table 1 Demographic, Vision, and Excursion Characteristics by Fall Status
Characteristic Faller (>1 fall), (n =87) Non-Faller (n =105) p-value
Age, mean (SD) 71.1(7.1) 69.3 (6.7) 0.08
Male, n % 41 (47.1) 56 (53.3) 0.39
Black, n % 22 (253) 32(30.5) 043
Living alone, n% 17 (19.5) 18 (17.1) 0.67
Employed, n% 27 (31.0) 41 (39.0) 0.25
Educational attainment, n % 0.77
High school degree or less 13 (14.9) 17 (16.3)
Bachelor's degree or some college 31(35.7) 43 (41.3)
Master’s or Doctorate degree 43 (49.4) 44 (42.4)
Health
Comorbid illness > 1,% 63 (72.4) 58(55.2) 0.15
Polypharmacy, n % 31 (35.6) 28 (26.7) 0.18
Body Mass Index, (kg/m?) mean (SD) 273 (4.6) 27.2(54) 0.89
Maximum Grip Strength for Dominant Hand, (kg) mean (SD) 30.2(9.2) 335(11.4) 0.03*
Maximum Leg Strength, (kg) mean (SD) 17.9(5.5) 17.6 (6.4) 0.71
Vision
Presenting Visual Acuity of better eye, logMAR, median (IQR) 0.04 (—=0.02,0.14) 0.06 (0,0.18) 041
IVF Sensitivity (dB), median (IQR) ° 28.0(25.9,294) 28.1(26.3,29.9) 0.57
IVF Damage Categorized
IVF > 28dB, mild damage 45(51.7) 53 (50.5) 0.99
IVF >23dB and < 28 dB, moderate damage 33(37.9) 41 (39.0)
IVF <23 dB, severe damage 9(10.3) 11(10.5)
Mean deviation of better eye, median (IQR) —29(=54,-09) —24(=52,—04) 045
Binocular log Contrast sensitivity, logCS, median (IQR) 1.7(1.7,1.8) 1.7(1.6,1.8) 0.77
Fall Status
Faller, n % 87 (100) N/A N/A
Recurrent Faller, n % 38(43.7)
Injurious Faller, n % 35 (40.3)
Recurrent Injurious Faller, n % 13 (14.9)
Excursions Away from Home Parameters after the Study Period ®
Average number of daily excursions, median (IQR) 21(14,40) 24(15,43) 0.51
Average time per excursion (hours), median (IQR) 1.7(0.8,2.8) 15(009, 2.6) 0.73
Average daily time away (hours), median (IQR) 39(24,54) 42(23,5.7) 1.00

Note. SD standard deviation, n number, kg kilograms, m meter, logMAR the logarithm of the minimum angle of resolution, IQR interquartile range, IVF integrated visual
field, dB decibel, logCS logarithm of contrast sensitivity. Percentages were derived for the total of each group

2 IVF sensitivity has a normal reference value of 31dB; *p-value < 0.05

b Excursions activity was collected over the period of a week

also found that single and recurrent fallers and those
who were “very” or “somewhat” fearful of falling left
their house less often [33]. It is possible that our results
differed from the aforementioned study as our excur-
sions were measured objectively using a GPS as opposed
to self-report of excursions. Also, our cohort was well-
educated and likely more resilient to change excursion
patterns or better equipped to adapt to changes as it has
been shown that high-functioning and well-educated
men living in less deprived areas conduct more active
trips [34, 35].

Multiple plausible explanations could be derived from
the Selective Optimization with Compensation Model
by Baltes and Baltes to rationalize why participants did
not modify their excursion behavior after a fall [36, 37].
Selection, which refers to the restriction of activities, was
not evident in our results, possibly reflecting that fewer
substitutions to complete necessary work/chores outside
the home (e.g., food deliveries, remote work) were availa-
ble before the COVID-19 pandemic. Instead, participants
continued to engage in their habitual excursions even
after falls or injurious falls. Some may have optimized
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Table 2 Relationship Between Fall Status and Away-from-Home Excursions at the End of the Study Period (n =192)

Fall Status Average Number Of Daily Excursions Average Time Per Excursion Average Daily Time Away
Univariate models Multivariable Univariate models Multivariable Univariate models Multivariable
(IRR, 95% Cl) models (IRR, 95% Cl) models (IRR, 95% Cl) models
(IRR, 95% ClI) (IRR, 95% ClI) (IRR, 95% Cl)
Faller 1.23(0.97,1.57) 1(0.86,1.44) 1.05 (0.85, 1.29) 09 (0.88, 1.35) 1.04 (0.88,1.25) 1.10(0.92,1.31)
Recurrent Faller 1.29(0.96, 1.74) 1.16 (0.85,1.57) 0.75(0.56,1 OO) 0.79 (0.59, 1.06) 1.00 (0.80,1.24) 1.05 (0.84, 1.30)
Injurious Faller 1.15(0.87,1 52) 1.05(0.79,1.39) 1.00(0.79, 1.28) 06 (0.83, 1.35) 1.11(0.91,1.35) 6(0.95,1.41)
Injurious Recurrent ~ 1.26 (0.79, 2.01) 1.14(0.71,1.83) 0.88(0.57,1.37) 0.91(0.59,1.42) 1.06 (0.75,1.49) 1(0.79,1.55)

Faller

Note. Multivariable models adjusted for age, sex, race, integrated visual field, comorbidities, and polypharmacy. Each fall status was evaluated as a binary variable
which distinguished fallers from non-fallers, injurious fallers from those without an injurious fall, recurrent fallers from those with no falls or a single fall, and recurrent

injurious fallers from all subjects without >1 injurious fall
IRR incidence rate ratio, C/ confidence interval; * p-value < 0.05

their behavior by pushing themselves to capacity to
perform the typical excursions as these trips conferred
indispensable direct benefits (e.g., groceries, medical
appointments, social interactions, work, etc.). Other par-
ticipants may have implemented compensatory mecha-
nisms such as receiving help from a caregiver to complete
usual excursions which paradoxically could represent a
loss of independence. Additional strategies could have
included the use of visual and mobility aids to facilitate
the usual daily trips and counteract fall sequelae (i.e.,
fear of falling and being injured, decreased confidence in
physical fitness, changes in gait and balance).

Given the varying degrees of visual field damage in
the study population, it is also notable that the relation-
ship between fall status and excursion parameters was
neither associated nor modified by the severity of VF
damage. Older adults with severe VI have been associ-
ated with an increased fall risk [10, 12], and a restricted
pattern of excursions [22, 23]; nonetheless, the effects of
falls on excursion parameters appear to be similar (i.e.,
equally unaffected) across the spectrum of glaucoma
damage. When compared to the prior cross-sectional
study demonstrating a restricted pattern of excursions
[22], it is possible that our participants were more
active (i.e., median average number of daily excursions
of 2.3) than those in the other study (i.e., average of 8
to 9.2 weekly excursions) [22]. Additionally, when com-
paring the mean deviation of the better eye, our partici-
pants had less visual field damage (median=—2.5dB;
IQR =-5.4,-0.6) than that observed in the prior study
population (average=—11.1dB; SD=7.9) potentially
suggesting that restrictions in excursions may be seen
at greater degrees of VF damage than those observed
in our study. Similarly, our participants could also be
experiencing a slower restriction in their excursion pat-
terns such that the one-year follow-up may not be suf-
ficient to reveal the changes in excursions associated

with glaucomatous damage. On the other hand, the
differences in occurrence of major life events that are
associated with excursions (e.g., driving cessation)
between both studies could be impacting the mobil-
ity results substantially. Considering that many study
subjects had little if any visual damage, and visual field
damage did not influence the relationship between fall
status and excursions in our study, our results may
extend to the older population without visual impair-
ment, though overall generalizability of the study find-
ings remains limited given the other exclusion criteria
employed as part of the study (e.g., history of stroke,
confinement to a bed or wheelchair, etc.).

While it could be beneficial to maintain one’s habitual
excursions after a fall if proper compensatory changes
were made to offset the risk of additional falls, we
could not discern whether this occurred in our popu-
lation. Lack of compensation, on the other hand, may
represent a perceived sense of over-confidence or less
awareness about the effect of fall status and/or vision
impairment on one’s ability to maintain safety in envi-
ronments away from home. Future studies should fur-
ther characterize how excursion patterns are sustained
after a fall and identify the strategies that may be used
(or not used) to cope with unfamiliar environments and
prevent falls.

When comparing the mobility changes over the
one-year period, our participants did not exhibit any
variations in their outings away from home even when
considering their fall status. While the tendency to
conduct fewer and shorter trips in distance and time
with age has been reported [38, 39], our one-year fol-
low-up period may not have been sufficient to observe
such changes. It is also possible that excursions are not
affected until the very advanced stages of physical or
cognitive impairment when independence is at risk.
Given that falls did not modify the excursion patterns
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over time in this study, more research is needed to
identify the determinants of excursions and additional
factors that contributed to away-from-home mobility.

Our findings must be interpreted in the context of the
study’s limitations and strengths. Participants may have
been subject to self-selection bias as they were more
prone to report falls than study-eligible individuals from
the recruitment site [40]. Though daily calls were con-
ducted to improve compliance with the GPS wear, some
participants may have forgotten to wear the devices or
may have exhibited an atypical behavior during their
1 week-trial which would not be representative of their
annual activity. Lack of information on other factors that
influence excursions may have limited a more compre-
hensive assessment. Also, the degree of fear of falling has
been shown to increase the fall risk and lead to a decline
in physical activity among older adults with glaucoma,
and could potentially also influence excursions patterns,
and may influence excursions independent of falls them-
selves [41].

While travel away from home is an important aspect
of mobility for older adults pursuing active and healthy
aging, its alterations after a fall had not been examined
until our study. To the best of our knowledge, our find-
ings represent the first objective characterization of how
life-space mobility is affected by falls among older adults.
Our study analyzed data in a cross-sectional and longi-
tudinal fashion and provided consistent results. Moreo-
ver, the objective characterization of falls and of habitual
travel away from home using GPS devices allowed for
collection of continuous measures not evaluated in prior
studies.

In conclusion, our cohort of participants with a range
of vision impairment (including some with normal or
near-normal vision) did not exhibit any changes in their
travel away from home patterns after falling, highlight-
ing the essential role of excursions on the activities of
daily living and wellness. Further research is warranted
to characterize how excursions are conducted before and
after falling in order to better distinguish whether main-
tenance of travel outside the home after a fall reflects
proper compensation to fall risk as opposed to continued
activity despite a high danger of falling.

Abbreviations

VF: Visual fields; GPS: Geographical position system; FIGS: Falls in Glaucoma
Study; ETDRS: Early Treatment Diabetic Retinopathy Study; GEE: Generalized
estimating equations.

Acknowledgements
Not applicable.

Authors’ contributions
All authors contributed to the conception and study design, interpretation,
and critical revision of the intellectual content of the manuscript. PR, SW, LG,

Page 7 of 8

and DF substantially contributed to the conception and study design. PR, AM,
JE, CG directly contributed to the collection of data, analyses, and preparation
of the manuscript. All authors have read and approved of the submission of
this manuscript and agreed to be personally accountable to the accuracy and
integrity of the work.

Funding

This work was supported by National Institute of Health [RO1 EY022976]; and
Research to Prevent Blindness (Allergan Foundation Medical Student Eye
Research Fellowship). The funders had no role in the study design, data collec-
tion and analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study protocol was approved by Johns Hopkins Institutional Review Board
and written informed consent was obtained from all patients.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Wilmer Eye Institute, Johns Hopkins University School of Medicine, 600 North
Wolfe Street, Maumenee B110, Baltimore, MD 21287, USA. *College of Nursing
and Health Professions, Drexel University, Philadelphia, PA, USA. *Massachu-
setts Eye and Ear, Harvard Medical School, Boston, MA, USA.

Received: 9 August 2021 Accepted: 24 January 2022
Published online: 04 February 2022

References

1. Bergen G, Stevens MR, Burns ER. Falls and fall injuries among adults
aged >65 years - United States, 2014. MMWR Morb Mortal Wkly Rep.
2016;65(37):993-8. Published 2016 Sep 23. https://doi.org/10.15585/
mmwr.mmé537a2.

2. Causes of injury and death: highlighting unintentional injury. Centers for
Disease Control and Prevention (online). Available at https://www.cdc.
gov/injury/images/Ic-charts/leading_causes_of_death_by_age_group_
unintentional_2018_1100w850h.jpg. Accessed Aug 5, 2020.

3. RauCS, LinTS, Wu SC, et al. Geriatric hospitalizations in fall-related inju-
ries. Scand J Trauma Resusc Emerg Med. 2014;22:63. Published 2014 Nov
12. https://doi.org/10.1186/513049-014-0063-1.

4. Sterling DA, O'Connor JA, Bonadies J. Geriatric falls: injury severity is high
and disproportionate to mechanism. J Trauma. 2001;50(1):116-9. https://
doi.org/10.1097/00005373-200101000-00021.

5. Stel VS, Smit JH, Pluijm SM, Lips P. Consequences of falling in older men
and women and risk factors for health service use and functional decline.
Age Ageing. 2004;33(1):58-65. https://doi.org/10.1093/ageing/afh028.

6.  Zijlstra GA, van Haastregt JC, van Eijk JT, van Rossum E, Stalenhoef PA,
Kempen Gl. Prevalence and correlates of fear of falling, and associated
avoidance of activity in the general population of community-living older
people. Age Ageing. 2007;36(3):304-9. https://doi.org/10.1093/ageing/
afm021.

7. Vellas BJ, Wayne SJ, Romero LJ, Baumgartner RN, Garry PJ. Fear of falling
and restriction of mobility in elderly fallers. Age Ageing. 1997;26(3):189—
93. https://doi.org/10.1093/ageing/26.3.189.

8. Bhala RP, O'Donnell J, Thoppil E. Ptophobia: phobic fear of falling and its
clinical management. Phys Ther. 1982;62(2):187-90. https://doi.org/10.
1093/ptj/62.2.187.

9. Friedman SM, Munoz B, West SK, Rubin GS, Fried LP. Falls and fear of
falling: which comes first? A longitudinal prediction model suggests


https://doi.org/10.15585/mmwr.mm6537a2
https://doi.org/10.15585/mmwr.mm6537a2
https://www.cdc.gov/injury/images/lc-charts/leading_causes_of_death_by_age_group_unintentional_2018_1100w850h.jpg
https://www.cdc.gov/injury/images/lc-charts/leading_causes_of_death_by_age_group_unintentional_2018_1100w850h.jpg
https://www.cdc.gov/injury/images/lc-charts/leading_causes_of_death_by_age_group_unintentional_2018_1100w850h.jpg
https://doi.org/10.1186/s13049-014-0063-1
https://doi.org/10.1097/00005373-200101000-00021
https://doi.org/10.1097/00005373-200101000-00021
https://doi.org/10.1093/ageing/afh028
https://doi.org/10.1093/ageing/afm021
https://doi.org/10.1093/ageing/afm021
https://doi.org/10.1093/ageing/26.3.189
https://doi.org/10.1093/ptj/62.2.187
https://doi.org/10.1093/ptj/62.2.187

Garzon et al. BMC Geriatrics

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

(2022) 22:101

strategies for primary and secondary prevention. J Am Geriatr Soc.
2002;50(8):1329-35. https://doi.org/10.1046/j.1532-5415.2002.50352 x.
Lamoureux EL, Chong E, Wang JJ, et al. Visual impairment, causes of
vision loss, and falls: the Singapore malay eye study. Invest Ophthalmol
Vis Sci. 2008;49(2):528-33. https://doi.org/10.1167/iovs.07-1036.

. Wood JM, Lacherez P, Black AA, Cole MH, Boon MY, Kerr GK. Risk of falls,

injurious falls, and other injuries resulting from visual impairment among
older adults with age-related macular degeneration. Invest Ophthalmol
Vis Sci. 2011;52(8):5088-92. https://doi.org/10.1167/iovs.10-6644.
Friedman DS, Freeman E, Munoz B, Jampel HD, West SK. Glaucoma and
mobility performance: the Salisbury eye evaluation project. Ophthalmol-
0gy. 2007;114(12):2232-7. https://doi.org/10.1016/j.0phtha.2007.02.001.
Black AA, Wood JM, Lovie-Kitchin JE, Newman BM. Visual impairment
and postural sway among older adults with glaucoma. Optom Vis Sci.
2008;85(6):489-97. https://doi.org/10.1097/OPX.0b013e31817882db.
Turano KA, Rubin GS, Quigley HA. Mobility performance in glaucoma.
Invest Ophthalmol Vis Sci. 1999;40(12):2803-9.

Mihailovic A, De Luna RM, West SK, Friedman DS, Gitlin LN, Ramulu PY.
Gait and balance as predictors and/or mediators of falls in Glaucoma.

Invest Ophthalmol Vis Sci. 2020;61(3):30. https://doi.org/10.1167/iovs.61.3.

30.

Webber SC, Porter MM, Menec VH. Mobility in older adults: a compre-
hensive framework. Gerontologist. 2010;50(4):443-50. https://doi.org/10.
1093/geront/gng013.

Rosso AL, Taylor JA, Tabb LP, Michael YL. Mobility, disability, and social
engagement in older adults. J Aging Health. 2013;25(4):617-37. https.//
doi.org/10.1177/0898264313482489.

Shimada H, Ishizaki T, Kato M, et al. How often and how far do frail elderly
people need to go outdoors to maintain functional capacity? Arch

Gerontol Geriatr. 2010;50(2):140-6. https://doi.org/10.1016/j.archger.2009.

02.015.

Transport Statistics. Department for Transport: Transport Statistics Bulletin
- National Travel Survey: 2008. London: National Statistics; 2009. Available
at: https://assets.publishing.service.gov.uk/government/uploads/system/
uploads/attachment_data/file/8932/nts2010-01.pdf. Accessed Aug 10,
2020

Van Landingham SW, Willis JR, Vitale S, Ramulu PY. Visual field loss and
accelerometer-measured physical activity in the United States. Ophthal-
mology. 2012;119(12):2486-92. https://doi.org/10.1016/j.ophtha.2012.06.
034.

Ramulu PY, Maul £, Hochberg C, Chan ES, Ferrucci L, Friedman DS. Real-
world assessment of physical activity in glaucoma using an accelerom-
eter. Ophthalmology. 2012;119(6):1159-66. https://doi.org/10.1016/j.
ophtha.2012.01.013.

Ramulu PY, Hochberg C, Maul EA, Chan ES, Ferrucci L, Friedman DS. Glau-
comatous visual field loss associated with less travel from home. Optom
Vis Sci. 2014;91(2):187-93. https://doi.org/10.1097/0OPX.0000000000
000139.

Curriero FC, Pinchoff J, van Landingham SW, Ferrucci L, Friedman DS,
Ramulu PY. Alteration of travel patterns with vision loss from glaucoma
and macular degeneration. JAMA Ophthalmol. 2013;131(11):1420-6.
https://doi.org/10.1001/jamaophthalmol.2013.4471.

E JY, Mihailovic A, Schrack JA, et al. Characterizing longitudinal changes
in physical activity and fear of falling after falls in Glaucoma. J Am Geriatr
Soc. 2021,69(5):1249-56. https://doi.org/10.1111/jgs.17014.

Sotimehin AE, Yonge AV, Mihailovic A, et al. Locations, circumstances,
and outcomes of falls in patients with Glaucoma. Am J Ophthalmol.
2018;192:131-41. https://doi.org/10.1016/}.2j0.2018.04.024.

Mihailovic A, Swenor BK, Friedman DS, West SK, Gitlin LN, Ramulu PY. Gait
implications of visual field damage from glaucoma. Transl Vis Sci Technol.
2017;6(3):23. Published 2017 Jun 23. https://doi.org/10.1167/tvst.6.3.23.
Ramulu PY, Mihailovic A, West SK, Gitlin LN, Friedman DS. Predictors of
falls per step and falls per year at and away from home in Glaucoma. Am

J Ophthalmol. 2019;200:169-78. https://doi.org/10.1016/j.2j0.2018.12.021.

E JY, Mihailovic A, Garzon C, et al. Importance and severity dependence
of physical activity by GPS-tracked location in glaucoma patients: GPS-
tracked physical activity in glaucoma [published online ahead of print,
2021 may 13]. Am J Ophthalmol. 2021;50002-9394(21):00268-3. https://
doi.org/10.1016/j.2j0.2021.04.032.

Davalos-Bichara M, Lin FR, Carey JP, et al. Development and validation of
a falls-grading scale. J Geriatr Phys Ther. 2013;36(2):63-7. https://doi.org/

30.

31

32.

33

34.

35.

36.

37.

38.

40.

41.

Page 8 of 8

10.1519/JPT.0b013e31825f6777 published correction appears in J Geriatr
Phys Ther. 2016 Apr-Jun;39(2):96.

Tinetti ME, Williams CS. The effect of falls and fall injuries on functioning
in community-dwelling older persons. J Gerontol A Biol Sci Med Sci.
1998;53(2):M112-9. https://doi.org/10.1093/gerona/53a.2.m112.

Kiel DP, O'Sullivan P, Teno JM, Mor V. Health care utilization and functional
status in the aged following a fall. Med Care. 1991;29(3):221-8. https://
doi.org/10.1097/00005650-199103000-00004.

Wolinsky FD, Johnson RJ, Fitzgerald JF. Falling, health status, and the

use of health services by older adults: a prospective study. Med Care.
1992;30(7):587-97. https://doi.org/10.1097/00005650-199207000-00002.
Jefferis BJ, lliffe S, Kendrick D, et al. How are falls and fear of falling
associated with objectively measured physical activity in a cohort of
community-dwelling older men? BMC Geriatr. 2014;14:114. Published
2014 Oct 27. https://doi.org/10.1186/1471-2318-14-114.

Zeitler E, Buys L. Mobility and out-of-home activities of older people
living in suburban environments: ‘because I'm a driver, | don't have a
problem. Ageing Soc. 2015;35(4):785-808. https://doi.org/10.1017/50144
686X13001086.

Davis MG, Fox KR, Hillsdon M, et al. Getting out and about in older adults:
the nature of daily trips and their association with objectively assessed
physical activity. Int J Behav Nutr Phys Act. 2011;8:116. Published 2011
Oct 21. https://doi.org/10.1186/1479-5868-8-116.

Baltes MM, Carstensen LL. The process of successful ageing. Ageing Soc.
1996;16(4):397-422. https://doi.org/10.1017/50144686X00003603.

Rush KL, Watts WE, Stanbury J. Mobility adaptations of older adults: a
secondary analysis. Clin Nurs Res. 2011;20(1):81-100. https://doi.org/10.
1177/1054773810379401.

Collia DV, Sharp J, Giesbrecht L. The 2001 national household travel
survey: a look into the travel patterns of older Americans. J Saf Res.
2003;34(4):461-70. https://doi.org/10.1016/j5r.2003.10.001.

. Boschmann EE, Brady SA. Travel behaviors, sustainable mobility, and

transit-oriented developments: a travel counts analysis of older adults in
the Denver, Colorado metropolitan area. J Transp Geogr. 2013;33:1-11.
https://doi.org/10.1016/jjtrangeo.2013.09.001.

Ramulu PY, Mihailovic A, West SK, Friedman DS, Gitlin LN. What is a falls
risk factor? Factors associated with falls per time or per step in individuals
with glaucoma. J Am Geriatr Soc. 2019;67(1):87-92. https://doi.org/10.
1111/jgs.15609.

E JY, Mihailovic A, Kuo PL, et al. Characterizing the impact of fear of falling
on activity and falls in older adults with Glaucoma. J Am Geriatr Soc.
2020;68(8):1847-51. https://doi.org/10.1111/jgs.16516.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1046/j.1532-5415.2002.50352.x
https://doi.org/10.1167/iovs.07-1036
https://doi.org/10.1167/iovs.10-6644
https://doi.org/10.1016/j.ophtha.2007.02.001
https://doi.org/10.1097/OPX.0b013e31817882db
https://doi.org/10.1167/iovs.61.3.30
https://doi.org/10.1167/iovs.61.3.30
https://doi.org/10.1093/geront/gnq013
https://doi.org/10.1093/geront/gnq013
https://doi.org/10.1177/0898264313482489
https://doi.org/10.1177/0898264313482489
https://doi.org/10.1016/j.archger.2009.02.015
https://doi.org/10.1016/j.archger.2009.02.015
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/8932/nts2010-01.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/8932/nts2010-01.pdf
https://doi.org/10.1016/j.ophtha.2012.06.034
https://doi.org/10.1016/j.ophtha.2012.06.034
https://doi.org/10.1016/j.ophtha.2012.01.013
https://doi.org/10.1016/j.ophtha.2012.01.013
https://doi.org/10.1097/OPX.0000000000000139
https://doi.org/10.1097/OPX.0000000000000139
https://doi.org/10.1001/jamaophthalmol.2013.4471
https://doi.org/10.1111/jgs.17014
https://doi.org/10.1016/j.ajo.2018.04.024
https://doi.org/10.1167/tvst.6.3.23
https://doi.org/10.1016/j.ajo.2018.12.021
https://doi.org/10.1016/j.ajo.2021.04.032
https://doi.org/10.1016/j.ajo.2021.04.032
https://doi.org/10.1519/JPT.0b013e31825f6777
https://doi.org/10.1519/JPT.0b013e31825f6777
https://doi.org/10.1093/gerona/53a.2.m112
https://doi.org/10.1097/00005650-199103000-00004
https://doi.org/10.1097/00005650-199103000-00004
https://doi.org/10.1097/00005650-199207000-00002
https://doi.org/10.1186/1471-2318-14-114
https://doi.org/10.1017/S0144686X13001086
https://doi.org/10.1017/S0144686X13001086
https://doi.org/10.1186/1479-5868-8-116
https://doi.org/10.1017/S0144686X00003603
https://doi.org/10.1177/1054773810379401
https://doi.org/10.1177/1054773810379401
https://doi.org/10.1016/j.jsr.2003.10.001
https://doi.org/10.1016/j.jtrangeo.2013.09.001
https://doi.org/10.1111/jgs.15609
https://doi.org/10.1111/jgs.15609
https://doi.org/10.1111/jgs.16516

	Evaluation of away-from-home excursion patterns after falling among individuals with glaucoma: a longitudinal study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Study design and study population
	Characterization and parameters of excursions
	Collection of falls data and fall status classification
	Examination of visual function
	Evaluation of covariates
	Statistical analysis

	Results
	Demographics and visual parameters
	Falls reports and characterization of the excursions
	Relationship between fall status and end-of-study period excursion parameters
	Change in excursion patterns from baseline to final assessments

	Discussion
	Acknowledgements
	References


