
ARVO 2017 Annual Meeting Abstracts

These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to 
access the versions of record.

270 The Impact of Low Vision on Mobility
Monday, May 08, 2017 3:45 PM–5:30 PM
Room 308  Paper Session
Program #/Board # Range: 2044–2049
Organizing Section: Low Vision Group

Program Number: 2044
Presentation Time: 3:45 PM–4:00 PM
Gait changes across lighting conditions in persons with glaucoma
Aleksandra Mihailovic1, David S. Friedman1, Sheila West1, 
Laura Gitlin2, Pradeep Ramulu1. 1Glaucoma Center for Excellence, 
Johns Hopkins University/Wilmer Eye Institute, Baltimore, MD; 
2School of Nursing/Johns Hopkins University, Baltimore, MD.
Purpose: Individuals with glaucoma frequently report difficulty 
adjusting to dim and bright light conditions. Here, we assessed how 
gait parameters change between normal and bright/dim lighting 
across the spectrum of visual field (VF) damage.
Methods: The GAITRite Electronic Walkway (CIR Systems Inc) 
was used to collect gait parameters (velocity, stride length, base of 
support, and stride-to-stride variability (coefficients of variation 
[CoV]) for each of these measures) under normal, dim and bright 
light conditions. Mean sensitivity of the point-wise integrated visual 
field (IVF) was used as a measure of glaucoma severity. Multiple 
regression models were constructed in which differences in gait 
parameters (bright or dim value minus normal lighting value) were 
considered as the dependent variable, IVF sensitivity was included as 
the primary independent variable, and age, race, gender, number of 
comorbidities and medications were considered as covariates.
Results: Data from 214 participants were used in this analysis. 
Differences between dim and normal-lighting gait velocity were more 
pronounced in patients with worse IVF sensitivity (β=-7.27 cm/s per 
5 dB IVF decrement, p<0.001) as were differences in stride length 
(β=-5.07 cm per 5 dB IVF decrement, p<0.001). Differences between 
bright and normal-lighting gait velocity were also more pronounced 
in patients with worse IVF sensitivity (β=-1.85 cm/s per 5 dB IVF 
decrement, p=0.01), as were differences in stride length (β=-0.97 
cm per 5 dB IVF decrement, p=0.05). Bright versus normal-lighting 
base of support differences were more evident amongst patients with 
worse IVF sensitivity (β= -0.24 cm per 5dB IVF decrement, p=0.02), 
while differences between dim and normal-lighting base of support 
did not vary with IVF sensitivity (p=0.27). Differences between dim 
and normal-lighting variability in stride length (β=1.75% per 5 dB 
IVF decrement, p<0.001) and stride velocity (β=3.35% per 5 dB 
IVF decrement, p<0.001) were greater in patients with worse IVF 
sensitivity, while differences between bright and normal-lighting gait 
variability measures did not significantly differ (p>0.34).
Conclusions: Glaucoma patients with worse IVF sensitivity 
demonstrate more pronounced gait changes between normal and 
bright/dim lighting, suggesting greater challenges in mobility under 
the extremes of lighting.
Commercial Relationships: Aleksandra Mihailovic, None; 
David S. Friedman, None; Sheila West, None; Laura Gitlin, None; 
Pradeep Ramulu, None
Support: Research to prevent blindness and NIH Grant EY022976
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Poor balance, visual field damage and falls in glaucoma
Regina de Luna, Aleksandra Mihailovic, David S. Friedman, 
Sheila West, Laura Gitlin, Pradeep Ramulu. Wilmer Eye Institute, 
Johns Hopkins, Baltimore, MD.
Purpose: To evaluate the relationship between static balance and 
falls in a glaucoma population, and to determine if static balance 

accounts for the association between visual field (VF) damage and 
falls.
Methods: Balance data were collected on 233 patients with 
diagnosed or suspect glaucoma using the Opal kinematic system, in 
which sensors measured root mean squared (RMS) sway (RMS of 
the acceleration vector length) while standing on a foam surface with 
eyes opened. Integrated VF (IVF) sensitivities were calculated from 
merged 24-2 VF data from both eyes while peripheral VF data was 
obtained from the peripheral 60 screening platform for the better eye. 
Negative binomial regression was used to determine: (1) if balance 
predicted fall rates in a population of glaucoma patients, (2) if the 
impact of balance on fall rates increased with severity of VF damage, 
and (3) if balance mediated the relationship between VF damage and 
falls in glaucoma. Models included falls per step as the dependent 
variable, and age, sex, race, comorbidities and polypharmacy as 
covariables. Step-normalized fall rates were taken as the total number 
of falls divided by total steps during the study period, with steps 
estimated over a one-week accelerometry trial.
Results: Average patient age was 70.5 years (range 57-93) with IVF 
sensitivity averaging 26.6 (6.1) dB and better-eye mean deviation 
averaging –4.6 (6.6) dB. Worse balance, as judged by RMS sway, 
was associated with higher step-normalized fall rates (IRR 1.47 
for a 1 z-score unit change in RMS sway, 95% CI 1.21 to 1.80, 
p<0.001); when both balance and IVF sensitivity were incorporated 
into the same regression model, both were found to independently 
predict falls per step (VF loss: IRR=1.33 per 5 dB decrement in IVF 
sensitivity, 95% CI = 1.06 to 1.67, p=0.01; RMS sway: IRR=1.33 for 
a 1 z-score unit change, 95% CI= 1.06 to 1.67, p=0.001). Balance 
was not noted to impact fall rates more strongly at lower IVF 
sensitivity values (p=0.32 when an interaction term was included in 
regression models).
Conclusions: VF damage and balance are independent contributors 
to falls, and the association between VF damage and falls does not 
appear to be significantly mediated by poor balance. Additionally, 
poor balance does not interact with VF loss with regards to falls. 
These results suggest that variables other than balance, such as gait 
or hazard perception, may primarily account for the increased rate of 
falls in glaucoma patients.
Commercial Relationships: Regina de Luna; 
Aleksandra Mihailovic, None; David S. Friedman, None; 
Sheila West, None; Laura Gitlin, None; Pradeep Ramulu, None
Support: Research to prevent blindness and NIH Grant EY022976
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Assessing Low Vision Patients’ Perceived Ability to Cross Streets 
Safely
Shirin E. Hassan. School of Optometry, Indiana University, 
Bloomington, IN.
Purpose: To determine if a visually impaired person’s perception  
of their street-crossing ability correlates with the safety of their  
street-crossing decisions.
Methods: Crossing decisions along a non-signalized street with two 
lanes of one-way traffic were collected from 129 visually impaired 
subjects classified as self-reporting either “having” or “not having” 
difficulties crossing the street as well as either having only visual 
acuity loss (VA Loss) or VA and visual field (VF) Loss (VA + VF 
Loss). After observing traffic for two seconds using their habitual 
vision and hearing, subjects were required to make a decision about 
whether or not they thought it was safe to cross for different vehicular 
gap times. The percentage of unsafe decisions (%unsafe), computed 
as the percentage of times subjects indicated that they would cross a 
measured vehicular gap time that was shorter in duration than their 
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actual crossing time, was computed for every subject. The percentage 
of missed opportunities (%missed) was also calculated for each 
subject by computing the percentage of times subjects indicated that 
they would not cross a measured vehicular gap time that was longer 
in duration than their actual crossing time. Generalized linear mixed 
models with repeated measures for subject were used to determine if 
the %unsafe and %missed decisions changed as a function of subject 
group (with and without self-reported difficulties) and type of vision 
loss (VA Loss and VA + VF Loss).
Results: Subjects with and without self-reported difficulties made 
on average 2.1% and 2.7% unsafe decisions and 16.9% and 21.2% 
missed decisions. No significant difference was found in the %unsafe 
and %missed decisions between subjects with and without self-
reported difficulties in crossing the street (p=0.61 for %unsafe and 
p=0.43 for %missed). Those subjects however with both VA + VF 
Loss made significantly more unsafe decisions (6%) compared to 
those subjects with VA Loss only (0.9%, p<0.0001). No significant 
difference was found in the %missed decisions between the VA Loss 
(22.3%) and VA + VF Loss (16%) groups (p=0.25).
Conclusions: Our data suggests that reporting having difficulties 
crossing the street does not affect a visually impaired pedestrian’s 
ability to make appropriate judgements about when it is safe to cross, 
but having both acuity and visual field loss does.
Commercial Relationships: Shirin E. Hassan, None
Support: NIH/NEI Grants: R01 EY022147, T35 EY013937 and P30 
EY019008
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Visual risk factors for motor vehicle collision (MVC) involvement 
3 years later: a population-based study
Carrie E. Huisingh1, Gerald McGwin1, Joanne Wood2, 
Cynthia Owsley1. 1Department of Opthalmology, University of 
Alabama at Birmingham, Birmingham, AL; 2Queesland University of 
Technology, Brisbane, QLD, Australia.
Purpose: Driving is a highly visual task. Understanding which 
aspects of visual sensory function and visual processing are 
associated with crash involvement may be useful for identifying high 
risk drivers. The purpose of this study is to estimate the magnitude 
of risk for crash involvement associated with impaired visual acuity, 
contrast sensitivity, driving visual field, visual processing speed, and 
visuospatial ability in a large, prospective study among older drivers.
Methods: Visual acuity, contrast sensitivity, driving visual field 
sensitivity, UFOV (subtest 2), Trails B, and Spatial Closure Subtest 
of the MVPT were assessed at baseline in a population-based sample 
of 2000 licensed drivers aged ≥70 years from north central Alabama. 
Information on MVC involvement occurring 3 years after enrollment 
was obtained from the Alabama Department of Public Safety. At-fault 
status was determined by the police officer who arrived on the scene. 
Clinically meaningful cut-points were used to define impairment for 
each measure of visual function. Poisson regression models were 
used to calculate rate ratios (RR) and 95% confidence intervals 
(CI) of any and at-fault MVC involvement for each visual function. 
Models accounted for person-miles of travel and were adjusted for 
age, gender, race, MMSE, and number of medical conditions.
Results: There were 223 drivers with 1 crash; 26 had ≥2 crashes 
during follow-up. The rate of any and at-fault MVC involvement 
was 6.00 and 3.00 per million miles traveled. After adjustment, rates 
of any MVC involvement were significantly higher for older drivers 
with impairment on the UFOV (RR 1.85, 95% 1.30-2.63), in the 
driving visual field (RR 1.34, 95% CI 1.02-1.76), and Trails B (RR 
1.30, 95% CI 1.00-1.67). All of the visual impairment measures 
demonstrated positive associations with at-fault MVCs; however, 

rates were significantly higher for those with impairment on the 
UFOV (RR 1.88, 95% CI 1.16-3.04) and driving visual field (RR 
1.59, 95% CI 1.10-2.32).
Conclusions: In a population-based sample, slowed visual processing 
speed and impairment in the driving visual field demonstrated the 
strongest associations with at-fault MVC occurrence and can be 
used to identify older drivers at increased risk for an at-fault MVC. 
Healthcare providers and caregivers should discuss the risk of MVC 
involvement with older drivers with visual function impairment.
Commercial Relationships: Carrie E. Huisingh, None; 
Gerald McGwin, None; Joanne Wood, None; Cynthia Owsley, 
None
Support: This research was funded by the National Eye Institute 
(R01-EY18966) and the National Institute on Aging (P30-AG22838) 
of the National Institutes of Health; the American Recovery and 
Reinvestment Act of 2009; the EyeSight Foundation of Alabama; the 
Able Trust; and Research to Prevent Blindness, Inc.
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The Impact of Glaucoma Visual Field Severity and Self-perceived 
Visual Disabilities on Driving Cessation and Driving Difficulty
Alex Tam1, Graham E. Trope1, Yvonne M. Buys1, Yelin Yang1, 
Carl Shen1, Yaping Jin1, 2. 1Ophthalmology and Vision Sciences, 
University of Toronto, Toronto, ON, Canada; 2Dalla Lana School of 
Public Health, Toronto, ON, Canada.
Purpose: To investigate if glaucoma visual field severity, and  
self-perceived visual disabilities such as glare and difficulty with dark 
adaptation are associated with driving cessation or driving difficulties 
in a cross-sectional survey.
Methods: Individuals with glaucoma, age 50+, and with visual 
acuity in the better eye ≥20/50 were enrolled. Glaucoma severity was 
defined by the visual field mean deviation (MD) in the better eye and 
was classified into 2 groups: mild (MD<6dB), and moderate/severe 
(MD≥6dB). We reported on responses from the GQL-15 glare and 
dark adaptation subscale regarding self-perceived visual disabilities.
Driving cessation was defined as cessation of driving due to vision. 
Driving difficulty was defined as either having moderate/extreme 
driving difficulty, or not driving at night or during poor driving 
conditions. Individuals who had never driven (n=10) or who had 
stopped driving due to non-vision related issues (n=8) were excluded. 
Associations were assessed utilizing prevalence ratios (PR).
Results: A total of 99 participants (57% female) were included. A 
higher proportion of patients with moderate/severe glaucoma field 
loss, when compared to mild field loss, quit driving (33% vs. 8%, 
p=0.002), experienced glare (27% vs. 6%, p=0.012), and  
experienced difficulty with dark adaptation (31% vs. 10%, p=0.011). 
Moderate/severe glaucoma field loss (PR=2.26, p=0.115), presence 
of glare (PR=4.79, p=0.128), and difficulty with dark adaptation 
(PR=1.47, p=0.391) were all associated with an increased risk of 
driving cessation.
Individuals with difficulty with dark adaptation were about 4 times 
more likely than those without to have difficulty driving at night 
(adjusted PR=3.94, p<0.0001) or in poor driving conditions (adjusted 
PR=4.09, p=0.0002). Glare or moderate/severe glaucoma was neither 
associated with difficulty driving at night (adjusted PR=1.0547, 
p=0.883; adjusted PR=1.1301, p=0.530, respectively) nor in poor 
driving conditions (PR=4.17, p=0.050; adjusted PR=0.9014, p=0.574, 
respectively).
Conclusions: Moderate/severe glaucoma field loss with self-
perceived glare and difficulty with dark adaptation is associated with 
an increased risk of driving cessation. Difficulty with dark adaptation 
associated with difficulty driving at night or in poor driving 
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conditions is more significant than moderate/severe glaucoma with 
the presence of self-reported glare.
Commercial Relationships: Alex Tam, None; Graham E. Trope, 
None; Yvonne M. Buys, None; Yelin Yang, None; Carl Shen, None; 
Yaping Jin, None
Support: Glaucoma Research Society of Canada (YG),  
Canadian National Institute for the Blind Baker Grant (YG)
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Latent variable model for visual function in low vision
Robert W. Massof. Ophthalmology, Johns Hopkins Wilmer Eye Inst, 
Baltimore, MD.
Purpose: Visual function questionnaires (VFQ) elicit difficulty 
ratings on a list of activities. Each patient’s ability and each item’s 
average required ability to perform the activity are estimated with 
Rasch analysis. Low vision is caused by losses in visual acuity (VA), 
contrast sensitivity (CS), and peripheral vision, which differentially 
affect the difficulty of different items. Most low vision patients are 
old and have chronic health problems that limit activities, which also 
differentially affect item difficulty. The aim is to develop a structural 
equation model (SEM) that explains ability values estimated from 
responses to subsets of items defining different functional domains.
Methods: The Activity Inventory (AI) is an adaptive VFQ with 
an item bank of specific tasks nested under activity goals. The AI 
was given to 3200 low vision patients prior to service. VA, CS, 
and a detailed health history also were recorded. Each task item is 

assigned to 1 of 4 functional domains. Factor analysis was performed 
on ability measures estimated from difficulty ratings of AI activity 
goals, AI tasks, and subsets of AI tasks for functional domains and 
on log VA and log CS. The SEM was constructed from health state 
indicators in the history and estimated ability measures for each of 
the 4 functional domains.
Results: Two factors explain most of the variance (average 70%). 
After rotation to make factor 1 coincident with log VA, reading 
loaded most heavily on factor 1 and mobility on factor 2, Two 
latent visual variables were defined for the SEM with path weights 
constrained to their respective factor loadings. Five latent SEM 
health state variables were estimated from health history indicators 
to modify the 4 functional domain measures. Visual information 
measures are least affected by health states and mobility is most 
affected. Cognition has its largest effects on reading and visual motor 
functions while the other health state variables have their largest 
effects on mobility and visual motor functions.
Conclusions: Ability is the weighted sum of two independent vision 
variables, one correlated with VA and the other correlated with 
mobility function. Factor 1 can be represented as the “what” visual 
pathway (ventral stream), which depends on VA, and factor 2 can be 
represented as the “where” visual pathway (dorsal stream), which 
depends on peripheral vision and scotomas. Patients’ physical and 
mental health states also influence ability measures.
Commercial Relationships: Robert W. Massof, Janssen R&D (C)
Support: NIH Grant EY22322


