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Purpose: The purpose of this study was to characterize the impact of lighting changes
on gait in elderly patients with glaucoma and evaluate whether associations are
mediated by fear of falling (FOF).

Methods: Gait initiation and parameters measured with the GAITRite Electronic
Walkway were captured in normal indoor light, then in dim light, and again in normal
light (normal post dim [NPD]). Participants’ right and left eye visual fields (VFs) were
merged into integrated VF (IVF) sensitivities. FOF was evaluated using a Rasch-analyzed
questionnaire. Multivariable regression models evaluated whether IVF sensitivity was
associated with lighting-dependent gait changes and if this relationship was mediated
by FOF.

Results: In 213 participants (mean age = 71.4 years), gait initiation in dim light took
longer with more VF damage (P= 0.02). Greater VF damage was associated with slower
gait in dim (P< 0.001) and NPD (P= 0.003) lighting, as well as shorter strides (P= 0.02),
broader stance (P = 0.003), and more variable stride velocity and length in all lighting
(all P < 0.03). When moving from normal to dim lighting, those with more VF damage
slowed gait and cadence, shortened stride length, and lengthened double support time
(all P < 0.001). Velocity, cadence, and double support time did not return to baseline in
NPD lighting (all P < 0.05). Fear of falling did not appear to mediate the relationship
between IVF sensitivity and lighting-dependent gait changes.

Conclusions: Patients with more VF damage demonstrate gait degradation in extreme
or changing lighting, which is not mediated by FOF.

Translational Relevance:Quantitative spatiotemporal gait evaluation reveals lighting-
associated impairment, supporting patient-reported difficulty with nonideal lighting
and equipping providers to advise patients about limitations.

Introduction

Early visual field (VF) loss from glaucoma has tradi-
tionally been portrayed as asymptomatic. However,
patients with glaucoma, including those with mild
disease, frequently report poor visual performance
under extreme (high or low luminance) or chang-
ing lighting conditions.1–4 More than 80% of patients
completing the original Glaucoma Symptom Scale
(GSS) complained of difficulty in low light, and >

40% of patients newly diagnosed with glaucoma in
the Collaborative Initial Glaucoma Treatment Study

(CIGTS) reported visual impairment in very bright
or changing light.1,3 In a recently published survey
of patients with open-angle glaucoma and controls,
patients with glaucoma subjective difficulty perform-
ing several tasks (driving, walking, and reading) in
nonideal lighting (extreme luminance or a sudden
change in luminance) increased with worsening VF
damage.5

Prior studies describe the impact of reduced
contrast on driving and reading performance in
patients with glaucoma.6,7 However, there has been
little to no objective study of mobility in nonideal light-
ing in this population, and data are needed to better
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Table 1. List of Studied Gait Parameters

Parameters Units Explanation

Time to gait initiation S Time elapsed between verbal instruction/lighting cue to begin
walking and initiation of first step (any movement)

Velocity cm/s Distance traveled divided by ambulation time
Cadence steps/min Step rate, defined as the average number of steps taken

per minute
Stride length cm Distance between heel centers of two consecutive footfalls of the

dominant leg
Stride time S Time elapsed between first contact of two consecutive footfalls of

the dominant leg
Stride velocity cm/s Stride length divided by stride time
Stance time S Time elapsed between first contact and last contact for a single

footfall of the dominant leg
Swing time S Time elapsed between last contact of the dominant leg footfall

and first contact of the next dominant leg footfall
Base of support cm Distance between the heel center of the dominant foot and the

line of progression created by two subsequent heel strikes of
the nondominant leg

Double support % cycle time % Percentage of stride time during which both feet are contacting
the ground

substantiate and understand patient complaints. Even
among individuals with normal vision, simulated VF
constriction impairs navigation more under scotopic
conditions.8 Furthermore, dim lighting impairs gait
precision in individuals with visual impairment from
other eye diseases, like macular degeneration, reducing
media opacity with cataract extraction increases gait
velocity independent of other patient factors, and we
have found that gait changes associated with falls are
seen in persons with glaucoma.9–13 However, no prior
study has analyzed the impact of nonideal lighting on
gait in persons with glaucomatous VF damage.

Understanding gait features in nonideal lighting is
of practical importance, as daily life frequently requires
navigating in suboptimal lighting conditions. Persons
face a wide range of lighting conditions and changes in
lighting that are beyond their control, as when entering
or exiting a building or traffic tunnel, driving into glare
from headlights, shopping in a supermarket, or reading
a restaurant menu.4,14 Even at home, lighting condi-
tions are often not ideal: an assessment of the home
environments of persons with suspected or diagnosed
glaucoma found that 98.9% of homes had at least one
room with hazardously low ambient lighting (< 300
lux).15

Here, to objectively measure patient-reported
challenges with nonideal lighting, we characterize
lighting-induced gait changes in elderly patients with
glaucoma along the spectrum of disease severity.

Given the greater degree of fear of falling (FOF)
observed in glaucoma,11,12,16–21 and the significant
downstream consequences of FOF,22,23 we also inves-
tigate whether FOF mediates the association between
VF damage and lighting-depending gait changes.
Prior research shows that individuals who fall tend
to walk more slowly and more variably, have shorter
stride length, and spend a higher proportion of their
gait cycle in double-leg support.12,24,25 In this study,
we measure these gait features (Table 1) across a
sequence of lighting conditions: normal indoor light-
ing, dim lighting after room lights are turned off,
and lighting after room lights have been turned back
on (normal-post-dim [NPD]). We hypothesize that
dimming the lights will bring out changes in gait
reflecting cautious ambulation in most participants,
and that such changes will be more extreme for persons
with greater VF damage. We expect that recovery of
normal gait when moving from dim back into bright
light will be less complete in persons with greater
VF damage.

Methods

Study Design and Study Population

The Falls in Glaucoma Study (FIGS) recruited
a prospective longitudinal cohort of patients with
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glaucoma or suspected glaucoma between September
2013 and March 2015 from the Glaucoma Center
of Excellence at the Johns Hopkins Wilmer Eye
Institute. Inclusion criteria were as follows: (1) age
60 years by completion of the planned 3-year study;
(2) diagnosis of suspected or confirmed glaucoma not
secondary to another condition (e.g. neovascular or
uveitic glaucoma); (3) residence within a 60-mile radius
of the Wilmer Eye Institute; and (4) ability to perform
static automated perimetry VF testing. Exclusion crite-
ria included: (1) presence of visually significant concur-
rent eye disease reducing visual acuity below 20/40
in either eye; (2) ocular or nonocular surgery in the
preceding 2 months; (3) hospitalization in the preced-
ing month; (4) confinement to a bed or wheelchair;
and (5) history of stroke or other neurological disor-
ders causing VF loss. Study procedures were approved
by the Johns Hopkins Institutional Review Board and
performed in accordance with the tenets of the Decla-
ration of Helsinki. All participants provided written
informed consent.

Gait Evaluation

Temporal and spatial gait features were collected
using the GAITRite Electronic Walkway (14 feet, 4.27
meters length; CIR System Inc., Franklin, NJ), while a
stopwatch was used to capture gait initiation time.26–29
Gait features and initiation were collected under three
different lighting conditions: normal (1000 lux; office
lighting), dim (2 lux; equivalent of deep twilight),
and NPD (return to 1000 lux, office lighting). For
each lighting condition, participants walked on the
electronic walkway barefoot at a normal pace wearing
their habitual vision correction. To measure gait initia-
tion time, participants were instructed to begin walking
whenever they were comfortable doing so after an
initial prompt – a verbal instruction for normal light-
ing, or the lighting change for the dim and NPD condi-
tions. The time between the prompt and when the
participant started to move was recorded.

The following gait parameters were captured for
analysis using the GAITRite, based on evidence of
their importance with regards to falls, or their associ-
ation with VF damage: velocity, cadence, base of
support, stride length, and percent of time spent in
double support (Table 1).30–35 In addition, stride-to-
stride variability for stride length, stride time, stride
velocity, stance time, and swing time were assessed by
calculating coefficients of variation (CV; ratio of the
standard deviations to the mean, multiplied by 100;
see Table 1).31,36,37 All gait metrics were converted to
z-score units.

Visual Assessment

The Humphrey Field Analyzer II (Carl Zeiss
Meditec, Inc., Dublin, CA) was used for all VF testing,
as described by Odden et al.38 VFs were obtained
using the Swedish Interactive Threshold Algorithm
(SITA) standard 24-2 protocol at either the first FIGS
study visit or a recent clinic visit. One glaucoma
specialist (P.R.) screened VFs for reliability, absence
of artifacts, and consistency with prior VF perfor-
mance. An integrated VF (IVF) score was calculated as
follows: sensitivities of spatially corresponding points
in the right and the left eyes were integrated by select-
ing the greater sensitivity at each spatial coordinate,
exponentiating decibel (dB) sensitivities to derive raw
sensitivity values at each integrated coordinate, arith-
metically averaging across all points, then transform-
ing back to dB values to derive a mean IVF sensitiv-
ity.10 Visual acuity was assessed in participants’ habit-
ual distance correction using a back-lit Early Treat-
ment Diabetic Retinopathy Study (ETDRS) chart at
a 4 m distance, and converted to the logarithm of
the minimum angle of resolution (logMAR) values
for analysis. In addition, contrast sensitivity (CS)
was assessed in participants’ habitual corrections
using a Mars test (Mars Perceptrix, Chappaqua,
NY) at a 40 cm distance, and stereoacuity assessed
using the Distance Randot Stereotest (Stereo Optical,
Chicago, IL).

Evaluation of Covariates

Standardized questionnaires were used to gather
participants’ age, gender, and race, and to assess the
presence of comorbidities from a list of 15 relevant
conditions.39 Those with more than five of these
conditions (n = 9) were reclassified as having five
comorbidities. Medication information was collected
by directly observing medication bottles when possi-
ble, or otherwise by patient report; polypharmacy was
defined as five or more daily prescription medications,
excluding eye drops.40 The Jamar Hand Dynamome-
ter (Sammons Preston Rolyan, Bolingbrook, IL) and
MicroFET2 Dynamometer (Hoggan Scientific LLC,
West Jordan, UT) were used to measure grip strength
and leg strength, respectively (both in kilograms of
force).

Evaluation of Fear of Falling

FOF was evaluated using a previously validated
questionnaire, administered orally during an in-person
interview with each participant.41 Study participants
were asked how worried they would be about falling
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Table 2. Falls in Glaucoma Study Population Characteristics

Demographics Values (n= 213)

Age, y, mean (SD) 71.4 (7.2)
African American race, n (%) 61 (28)
Female gender, n (%) 100 (47)
Employed, n (%) 75 (35)
Lives alone, n (%) 42 (20)
Education, n (%)
Less than high school 7 (3)
High school 24 (11)
Some college 29 (14)
Bachelor’s degree 50 (24)
More than bachelor’s degree 102 (48)
Health
Comorbid illnesses > 1, n (%) 135 (63)
Polypharmacy, n (%) 79 (37)
Body mass index, kg/mˆ2, mean (SD) 27.5 (5.4)
Height, cm, mean (SD) 170.5 (10.2)
Weight, kg, mean (SD) 80.1 (17.9)
Grip strength, kg, mean (SD) 32.4 (10.2)
Lower body strength, kg, mean (SD) 17.9 (6.0)
Vision
IVF sensitivity, dB, median (IQR) 27.94 (26.15 to 29.67)
MD better-eye, median (IQR) −2.62 (−5.40 to −0.69)
MD worse-eye, median (IQR) −5.72 (−13.35 to −2.64)
Better-eye acuity-logMAR, median (IQR) 0.06 (0 to 0.14)

SD= standarddeviation; n=number; kg= kilogram;m=meter; IVF= integrated visual field; dB=decibel; IQR= interquar-
tile range; MD = mean deviation; logMAR = logarithm of the minimum angle of resolution.

while performing each of 18 different tasks, regard-
less of whether they had performed the tasks recently.
Tasks were assigned itemmeasure scores denoting diffi-
culty. Four possible responses were accepted for each
question: “not worried,” “a little worried,” “moder-
ately worried,” or “very worried” ; “a little worried”
and “moderately worried”were combined into a single
category. Rasch analysis, conducted using Winsteps
Rasch statistical package version 3.91.2 (Winsteps,
Chicago, IL), estimated person measure scores from
the participants’ responses; higher scores reflected
greater FOF. Person and item measure scores were
expressed using log-odds (logits).

Statistical Analysis

All analyses were conducted using STATA version
15.0 (College Station, TX). Outcome measures consid-
ered in this analysis included time to gait initiation,
gait parameters (velocity, cadence, base of support,

stride length, and percent of cycle time spent in
double support), and stride-to-stride variabilitymetrics
(coefficients of variation for stride length, stride time,
stride velocity, stance time, and swing time). Each
outcome measure was first evaluated under each
individual lighting condition: normal, dim, and NPD
lighting. Next, lighting-dependent changes in outcome
measures between consecutive lighting conditions (e.g.
velocity in dim lighting – velocity in normal light-
ing and velocity in NPD lighting – velocity in dim
lighting), as well as between NPD and normal light-
ing, were calculated and considered as outcomes in
separate regression models. Time to gait initiation
measurements under each lighting condition were log
transformed for analysis. Linear regression models
were used for all gait parameters, with robust regres-
sion used when considering CVs under each light-
ing condition and differences in gait across consecu-
tive lighting conditions as outcomes. IVF sensitivity
was the primary independent variable in all models.
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Figure 1. Association between a 5 db decrement in IVF sensitivity and the time to gait initiation under different lighting conditions, as
well as the difference in time to gait initiation between consecutive lighting conditions. Values presented come from separate multivari-
able models that controlled for age, race, gender, comorbidities, and polypharmacy. IVF = integrated visual field; dB = decibel; � = delta;
p = significance level.

Additional analyses to examine FOF as a potential
mediator between IVF sensitivity and changes in gait
across lighting conditions added FOF to models as an
additional independent variable. All models controlled
for age, gender, race, polypharmacy, and burden of
medical comorbidities.40,42,43

Results

Description of Study Population

A total of 213 participants completed the visual and
gait testing. Nearly half (47%) of participants were
women, 28% were African American, and average age
was 71.4 years (Table 2). A majority (63%) had more
than one comorbid illness and 37% used 5 or more
systemic prescription medications. Median IVF sensi-
tivity was 27.94 (interquartile range [IQR] = 26.15 to
29.67), with 31 dB and above representing normal VFs.

Associations Between Gait Initiation and VF
Damage Under Various Lighting Conditions

Average (SD) times to walking initiation under
normal, dim, and NPD conditions were 0.97 (0.33),
2.93 (2.10), and 1.80 (1.02) seconds. Each 5 dB decre-

ment in total IVF sensitivity was associated with a
13% (95% confidence interval [CI] = 2% to 24%,
P = 0.02) longer gait initiation time in dim lighting,
although there were no associations between VF loss
and gait initiation time in normal and NPD lighting
conditions (Fig. 1). When differences in walking initia-
tion times were analyzed between consecutively tested
conditions, lower IVF sensitivity was associated with
significant shortening of initiation time from dim to
NPD conditions (P = 0.01), but no significant differ-
ence was observed between normal and dim conditions
(P = 0.31; see Fig. 1).

Associations Between Gait Parameters and
VF Damage Under Various Lighting
Conditions

Under all three lighting conditions – normal, dim,
and NPD – those with lower IVF sensitivity demon-
strated significantly shorter strides (P = 0.02, P <

0.001, and P = 0.002, respectively) and broader base
of support (P = 0.003, P = 0.003, and P = 0.05,
respectively). For each 5 dB decrease in IVF, walking
speed was significantly slower in both dim and NPD
light (β = −9.43 cm/s, P < 0.001; β = −4.51 cm/s,
P = 0.003), but not in normal lighting (P = 0.06). In



Gait in Glaucoma TVST | December 2020 | Vol. 9 | No. 13 | Article 23 | 6

Figures2. (A) Gait parameters and (B) gait coefficients of variation. Associationbetween IVF sensitivity andgait parameters andcoefficients
of variation under different lighting conditions. Values presented come from separate multivariable models that controlled for age, race,
gender, comorbidities and polypharmacy. A positive z-score represents a higher numeric value for the analyzed metric. IVF = integrated
visual field; dB = decibel, β = regression coefficient; p = significance level; pct = percent cycle time; CV = coefficient of variation.

dim light, participants with lower IVF sensitivity also
walked with lower cadence (β = −4.41 steps/min, P <

0.001) and increased double support time (β = 1.71%,
P < 0.001); these parameters were not associated with
IVF sensitivity in normal or NPD lighting (Fig. 2a).

In the transition from normal to dim lighting (“dim
– normal”), reduced IVF sensitivity was associated
with significant slowing of gait and cadence, shorten-
ing of stride length, and lengthening of double support
time (P< 0.001 for all); no significant change in base of
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Figure 3. (A) Difference in gait parameters and (B) difference in gait coefficients of variation. Association between IVF sensitivity and the
difference in gait parameters and gait coefficients of variation between different lighting conditions. Values presented come from separate
multivariable models that controlled for age, race, gender, comorbidities, and polypharmacy. A positive z-score unit increment represents a
higher numeric value for the analyzed metric. IVF = integrated visual field; dB = decibel; β = regression coefficient; p = significance level;
pct = percent cycle time; CV = coefficient of variation.

support was noted with greater VF loss (Fig. 3a).When
returning to normal (NPD) lighting after dim light-
ing (“normal post-dim – dim”), participants appeared
to be partially regaining their baseline gait character-
istics: among those with lower IVF sensitivity, veloc-
ity, cadence, and stride length increased (P < 0.001 for

all), whereas base of support and double support time
decreased (P < 0.01 for both; see Fig. 3a). However,
greater severity of VF damage was still associated
with a greater slowing of walking speed and cadence,
and a larger increase in double support time, in NPD
compared to normal lighting conditions (P < 0.05 for
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all; data not shown), as well as a greater narrowing of
base of support (P = 0.01).

Associations Between Gait Variability and VF
Damage Under Various Lighting Conditions

Under all three lighting conditions – normal, dim,
and NPD – those with lower IVF sensitivity demon-
strated significantly more variability (higher CV%) in
their stride velocity (P = 0.02, P < 0.001, and P <

0.001, respectively) and stride length (P < 0.001 for
all). Under dim and NPD lighting conditions, but not
in normal lighting, those with lower IVF sensitivity
showed greater variability in stance time (P< 0.001 and
P = 0.01, respectively) and swing time (P < 0.001 and
P = 0.009, respectively). In dim light, participants with
lower IVF sensitivity also demonstrated greater stride
time variability (P< 0.001); this was not seen in normal
or NPD light (P > 0.05 for both; see Fig. 2b).

In the transition from normal to dim lighting,
lower IVF sensitivity was associated with significant
increases in the variability of stride velocity, stride time,
stance time, and swing time (P < 0.01 for all), but
not stride length (P = 0.13; see Fig. 3b). In the subse-
quent return to NPD lighting after dim lighting, lower
IVF sensitivity was associated with improvement (less
variability) in stride time and stance time (P< 0.001 for
both), but no change in the variability of stride velocity,
stride length, and swing time (P > 0.1 for all; see Fig.
3b).Moreover, those with lower IVF sensitivity showed
significantly greater variability in stride velocity, stride
time, and swing time under NPD compared to normal
lighting conditions (P < 0.03 for all).

Fear of Falling Mediation of the
Relationships Between Gait Changes Under
Various Lighting Conditions and VF Damage

We investigated whether participants’ FOF
mediated the relationship between VF loss and gait
response to lighting changes. In this analysis, we did
not find any mediation by FOF; observed associations
between VF damage and lighting-related gait changes
were preserved (i.e. statistically significant) even in
models accounting for FOF.

Discussion

Persons with glaucoma demonstrate a more
cautious and variable gait than those without VF
loss, with irregularities more prominent in dim lighting
conditions, and do not promptly recover their baseline

gait characteristics when normal lighting is restored.
These results corroborate complaints of patients with
glaucoma of functional impairment in extreme or
changing lighting,5 and demonstrate that such diffi-
culties are associated with the severity of glaucoma
damage. Of note, associations between severity of
glaucoma damage and gait changes across lighting
conditions are not mediated by FOF, suggesting
that they reflect a cautiousness in specific conditions
not captured by patient-reported mobility concerns
(i.e. FOF).

Our findings are consistent with existing literature in
that they support the idea that functional impairment
in glaucoma is exacerbated by challenging conditions.
For instance, prior work has shown that worsening VF
loss among patients with glaucoma limits reading in
a dose-dependent manner most evident when reading
material is low-contrast or content requires sustained
reading.44,45 However, the specific impact of VF
damage on gait has not been completely character-
ized. The longitudinal Beaver Dam Eye Study, in
which most visual impairments were mild or moder-
ate, reported no association between visual measures
and changes in walking speed on an unobstructed
walking route. In contrast, the Salisbury Eye Evalua-
tion Project described decreased gait speed in visually
impaired individuals only under challenging condi-
tions, such as navigating an obstacle course.46–49
Together, these findings suggested that mild to moder-
ate VF damage (like that seen in our study popula-
tion, in which average better eye mean deviation was
–2.62 dB) might not alter gait parameters meaning-
fully during simple walking, but may impair patients
in more challenging situations. One frequently encoun-
tered visual challenge is variable lighting, such as
moving from outdoors to indoors, or navigating to
the restroom in the middle of the night, and patients
with glaucoma report increased visual difficulty in these
situations.4,11,12 In fact, patients with glaucoma rate
“glare” and “adaptation to different levels of light-
ing” at the top of a list of visual difficulties.2 Thus, to
fully appreciate gait impairment in glaucoma, we must
examine it under nonideal lighting conditions; examin-
ing gait (and perhaps others measures of functional-
ity) under normal lighting may miss glaucoma-related
disability.

Our analysis demonstrates that, within the same
individual, sudden exposure to nonideal lighting condi-
tions is associated with more hesitant, unsteady gait,
and that these gait changes are most pronounced
in persons with greater VF loss. Although the full
group of participants, regardless of glaucoma status,
hesitated before walking in dim light, those with
reduced IVF sensitivity took significantly longer
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to initiate gait under dim conditions. Those with
reduced IVF sensitivity took shorter and more wide-
based strides under all conditions, even in normal
light, perhaps representing an adaptation to perceived
unsteadiness. In dim light, however, additional signif-
icant gait changes emerged among patients with
glaucoma, including reduced velocity and cadence,
more time in double support stance, and increased
variability. Some of these changes may represent
cautious walking, but they also signify less stable
gait and poor adaptability, possibly interfering with
a person’s ability to safety perform daily activities.10
Patients and providers alike could use this information
to improve patient safety. For example, providers may
want to ensure the lights are on when patients enter
examination rooms or VF testing suites and in the final
minutes prior to patients exiting rooms.

Our data also demonstrate that gait changes in
patients with glaucoma persist immediately after light-
ing conditions are returned to normal (NPD light-
ing), as happens when a person first turns on an
additional light in a dark room. Although gait param-
eters trended toward baseline in NPD lighting, veloc-
ity and cadence remained significantly slower and
double support time longer, compared to normal light-
ing conditions. Increased variability in stride velocity,
stride time, and swing time in NPD, as compared to
normal, conditions also remained. Slow, variable gait
despite restored normal lighting reflects the subjec-
tive difficulty patients with glaucoma report function-
ing when light levels change in either direction and
has important implications, highlighting why improv-
ing function for patients with glaucoma is not as simple
as recommending brighter light.2,3,5 Patients could
improve safety in their home environments by arrang-
ing lights so that several contiguous areas are illumi-
nated by a single switch, perhaps one easily reached
from a chair or bed.

The associations observed between VF loss and
gait changes remained even after accounting for
FOF, suggesting they are not attributable to patient-
perceived fall risk. We have previously reported that
glaucoma severity, represented here by reduced IVF
sensitivity, is the most important predictor of falls per
step, and that cautious, unsteady walking is associated
with a higher risk of falling.50 However, whereas slower,
more variable gait under photo-stressed conditions
may represent caution in patients with glaucoma, who
take shorter wider-based steps at baseline, it appears to
be associated with disease severity, but not mediated
by FOF. Understanding this position, providers have
to address safety effects of VF loss with education
about optimal lighting for patients across the spectrum
of glaucoma severity. More research is needed to

inform fall-prevention interventions and understand
how gait impairment impacts patients psychologically
or socially.

This study has several limitations. Although we
excluded persons with neurological causes of VF loss,
we did not account for every potential cause of abnor-
mal gait (vestibular, orthopedic, etc.) in our exclu-
sion criteria. Participants’ gait was assessed barefoot,
rather than wearing habitual footwear, and was only
measured on a flat surface without any obstruction,
which is not representative of all surfaces on which
individuals typically walk. A stopwatch is the gold
standard for capturing gait initiation, but is known
to introduce some intra-operator and inter-operator
variability.51 In addition, our unexpected observations
that gait initiation improved and base of support
narrowed compared to baseline in NPD lighting condi-
tions suggests that walking performance may have
improved with practice, as participants repeated the
task assigned. As such, our results could underesti-
mate the impact of lighting changes on gait param-
eters. There may also be recruitment or participa-
tion bias in the FIGS population. We previously
reported that recruited patients were of similar age,
gender, and race, and had similarly severe glaucoma,
as study-eligible individuals seen in the Wilmer Eye
Institute Glaucoma Center of Excellence who were
not recruited.42 However, they were also more likely
than other patients to report falling in the 12 months
prior to recruitment.42 One can imagine that persons
more predisposed to falling might be more likely
to participate in this study, or conversely that those
with more mobility difficulties might be less likely
to enroll due to difficulty attending study visits. It
is also possible that the population being followed
at the Wilmer Eye Institute is not representative of
the entire glaucoma population in the United States.
Whether any such bias would alter the relationship
between lighting and gait described here is not clear.
More importantly, findings in our elderly study popula-
tion, which reflects the typical age of patients with
newly diagnosed glaucoma, may not be generalizable
to younger patients.52 Strengths of the study include a
large sample size compared with prior studies of gait in
visually impaired patients, and rigorous spatiotempo-
ral characterization of numerous gait parameters using
the GAITRite Electronic Walkway.10

In summary, among patients with glaucoma, a
constellation of gait features was observed to change
under extreme or changing lighting conditions, in a
dose-dependent manner with respect to VF damage.
Further research is needed to understand if specific
changes are adaptive (improving safe ambulation)
or maladaptive, and additional work is needed to
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translate these findings into a proactive approach to
improve functionality in patients with glaucoma.
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